
Appletons ' cyclopedia of 
applied mechanics 


Park Benjamin, Appleton, firm, 
publishers. New York 




















































































This is a reproduction of a library book that was digitized 
by Google as part of an ongoing effort to preserve the 
information in books and make it universally accessible. 

Google books 

https://books.google.com 






JAN 0 


1957 


Digitized by 


Google 



JAN 0 1957 


Digitized by 


Google 



Digitized by 



Digitized by 


Googl 



Digitized by 



} 

I 

i 


Digitized by 


Google 






9 

FOR WOOD 


-SPRINGS. 


SCREW DRIVERS .-. 

WLDING&PL/iN'G CUTTERStobe- 
, FILED 

'FRAMING CHISELS .- 

Firmer chisels .-. 

SAWS FOR BONE AND IVORY - 
GIMBLETS . 

'Am . 

DENTAL ScSURGICAL INSf? . 

AUGERS . 

COOPERS TOOLS . 

WOOD BORING CUTTERS . 

^HAND PLANE IRONS . 

GOUGES . 

^LAN'GLMOLDING CUTTERS 

o 

PENKNIVES . 

ROCK DRILLS ... 

■'^INSERTED SAW TEETH . 

leather cutting DIES . 

WIRE DRAWING DIES . 

BONE CUTTING TOOLS . 

WOOD ENGRAVING TOOLS . 

PAPER CUTTERS . 

IVORY CUTTING TOOLS . 

HAMMER FACES . 


STEEL ENGRAVING TOOLS- 


-CIRCULAR SAWS FOR METAL. 

3 

■COLD CHISELS FOR WROUGHT IRON 
■HACK 5/liy. 

■NEEDLES 3 

COLD CHISELS FOR CAST IRON 

COLD CHISELS FOR STEEL ^ 



EDGING CUTTERS 
DRIFTS * 

■ FLAT DRILLS FOR BRASS 
TWIST DRILLS ^ 

STONE CUTTING TOOLS 

HALF ROUND BITS 
REAMERS ^ 

PUNCHES &.DIES " 

CHASERS 

TAPS 

SCREW CUTTING DIES 


BORING CUTTERS 


MILLING CUTTERS 


3 


s 


PLANER TOOLS FOR IRON 


PLANER TOOLS FOR STEEL 


SLIGHT TURNING TOOLS 


SCRAPERS FOR BRASS 



























APPLETONS’ 


OYCLOP^DIA OF APPLIED 
MEGHAmCS: 


A DIOTIONAET 

OF 

|||[ex|^aitiral d^nginiemng anb l^e %tt$, 

ILLU8TBATED WITH ^ 

HEABLY FIVE THOUSAND ENGEAYINGS. 



EDITED BT 

BENJAMIN, PH. D., LL. B. 


ZiT TWO VOLUME8. 

•VOI* II. 


NEW YORK; 

D. APPLETON AND COMPANY. 
1884 . 


Digitized by Ljooole 



OOPTBIGHT BT 

D. APPLETON AND COMPANY, 

1880. 


Digitized by v^ooQle 



1 or 


- ^ f aJ ( aJ 


/A -Gn c: s 

CL^ 


CYCLOPEDIA 


OF 


APPLIED MECHANICS. 


GEARING. Wheel-work in which motion is transmitted from one wheel to another by means of 
teeth upon their peripheries, is called gearing. The axes of a pair of wheels in gear may have dif¬ 
ferent relative positions, and the teeth may act upon each other in different ways. There are in con¬ 
sequence six varieties or classes of gearing, viz.: 1, spur-gearing; 2, bevel-gearing; 3, skew-gear¬ 
ing ; 4 , screw-gearing ; 5, twisted ^ring; 6, face-gearing. 

In general, if the teeth of wheds in gear be indefinitely increased in number and reduced in size, 
they will ultimately become mere lines, or elements of surfaces in contact These are called the pitch- 
surfaces * their relative motions are the same as those of the wheels from which they are thus de¬ 
rived and their forms and disposition depend upon the class of gearing to which those wheels origi¬ 
nally* belonged- In spur, bevel, and skew gearing, the surfaces of the teeth are composed of right 
Kfw>a • two en^ging teeth of a pair of either kind of wheels touch each other along a right line, and 
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the teeth arc by the above process reduced to rectiliruar elements of the pitch-surfaces. The axes 
of spur-wheels are parallel, and the pitch-surfaces are cylinders; the axes of bevel-wheels intersect, 
and the* pitch-surfaces are cones whose common vertex is the point of intersection; the axes of 
skew-wh^ls lie In different planes, and the pitch-surfaces are hyperboloids. In all these cases the 
nitchUurfaces are tangent along an element; but in screw-gearing the teeth are of helicoidal form, 
and ultimately become hdical elements of cylinders which, since the axes are not in the same plane, 
are tangent to each oilier at a single point only. It is this fact which most strikingly marks the dis¬ 
tinction between screw and twisted gearing, which are sometimes confounded with each other. But 
in the latter the axes are in the same plane, and the teeth, of helicoidal form, finally reduce to cylin¬ 
drical helices or conical helices upon pitch-surfaces which are tangent along an element There is 
no screw-like action of one wheel upon the other, as there Is in screw-gearing, and twisted wheels are 
in fact o^y modified forms of spur or of bevel wheels. In the explanation of their construction 
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they will accordingly be treated as such, although the peculiar conformation of the teeth has caused 
them to be placed in a distinct class. 

These five varieties are those most extensively used in modem machinery, and the general appear¬ 
ance of a pair of wheels and their pitch-surfaces, of 
each class, is shown in Figs. 2064 to 2068. Face- 
gearing is now rarely met with; the name is derived 
from the fact that the wheels were usually formed 
with teeth consisting of turned pins projecting from 
the faces of circular disks, as shown in Fig. 2069 ; a 
mode of construction well adapted to w(^en mill 

2066. 




work, and to that only. In the case illustrated here, 
these pins, by indefinite increase in number and dimi¬ 
nution in size, will finally become points in the cir¬ 
cumferences of circles which roll in contact. These 
axes are perpendicular to each other, but turned pins 
may be inserted in other surfaces than planes, and in 
this way such wheels can be made to work together 
when the axes have other relative positions than the 
one here shown. All these may be properly said to belong to the same class, the characteristics 
being that, whatever the relation of the axes or the general form of the wheels, the teeth are circu¬ 
lar in their transverse sections, touch each other in a single point, and ultimately become points, the 



wheels having no pitch-surfaces properly so called, although in constructing them surfaces of some 
kind must be provided in which to secure the teeth. 

The following table exhibits in a manner convenient for reference the peculiar features of the dif¬ 




ferent kinds of gearing above mentioned. The teeth, the forms of whose linear elements are given 
in the last column, are supposed to be of sensible magnitude, in order that the circular sections of 
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^hosc ih the last class may be kept in view. For in face-gearing the increase in the number involves 
1 diminution in the length as well as in the diameter of the teeth, so that at the limit they vanish 
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altogether, as just explained ; whereas in the other classes the length of the teeth is not affected by 
any variation in the height or thjckness, and they reduce to lines. 



PrincipUs of Fottm of Oear~ Wheels ,—The proper action of gear-wheels of any kind evidently 
depends upon the forms of the teeth. In order to proceed intelligently in determining these forms, 
a clear understanding of the principles involved is necessary; which can be most readily gained by 
first considering two pieces rotating in contact about fixed parallel axes. 

In Fig. 2070, let C and D be the centres of motion of the two curves in contact at P ; then, if 
the upper one turn as shown by the arrow, it will drive the lower one before it. Since the point P of 
the upper curve moves in a circle about 2), the direction of that motion at the instant is perpendicu¬ 
lar to 2) P, the contact radius, and its linear velocity may be represented by P E, Through P draw 
rrthe common tangent of the curves, and JV”their common normal: then P.&may be resolved 
into the components P B^P A. Of these the former is ineffective, as, if P moved in the direction 
of the tangent, it would merely slide upon the lower curve. But the normal component PA com¬ 
pels the lower curve to rotate around C, The motion of P considered as a point in this curve will 
therefore be perpendicular to CP; and the magnitude P F ot this resultant must be such that its 
normal component shall also be Pul; for if this component were greater, the curves would not re¬ 
main in contact, and if less, they would intersect. Now draw 2) H perpendicular to N thus mak¬ 
ing the triangle D HP similar io E A P ; draw C O perpendicular to N making C G P similar 
to A PF; also CD cutting NN in /, and making C C? / similar to HD /. 

Let V = angular velocity of upper curve around 2). 

“ r'rr “ “ of lower “ “ C, 

Then, since angular velocity = 


^PJS_PA ^ 

* PD-Dh' I ^_CG_CT 
PC co\ 
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That is to say, the anmilar velocities are to each other inversely as the perpendiculars from the cen¬ 
tres of motion upon tne common normal; or, inversely as the segments into which the common nor¬ 
mal cuts the line of centres. And if it be required that the velocity ratio shall remain constant, it 
follows that the common normal mutt always cul the line of centres in the same point. 

Now, P B represents the sliding of the driver, P 0 that of the follower, upon the common tan¬ 
gent ; therefore 0 By their difference in this instance, represents the sliding of one piece upon the 
other. Had 0 and B fallen on opposite sides of N this sliding would have been P 0 P B. 
But it is clear that there will always be a sliding of one upon the other, unless the tangential com¬ 
ponents have the same magnitude and direction. And as the normal component is the same for both 
rotations, this can happen only when the resultants PJ? and PA’coincide; in which case the contact- 
radii PPand CP, to which those resultants are respectively perpendicular, must also coincide in 
one right line, that is, in the line of centres. In other woi'ds, pure rolling contact can exist only when 
the point of tangency is on the line of centres^ as in Fig. 2071. Since P and I here fall together, and 
the linear motions are identical, we see at once that the angular velooitics are inversely as the contact- 
radii. And because, if the velocity ratio is to be also constant, these contact-radii must remain con¬ 
stant, it follows that the only curves which can move in rolling contact with a constant velocity ratio are 
two circles, whose centres are C and P, portions of which are shown in dotted lines in the figure. 
These circles may be regarded as cut from the pitch-cylinders of a pair of spur-wheels by the plane of 
the paper, supposed to be perpendicular to the axes. Now the linear motion of the point P in the driver, 
coinciding with the tangent, has no normal component, and therefore no tendency to compel rotation 
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of the follower; which agrees with the well-known fact that two perfectly smooth cylinders will 
merely slip upon each other. Compulsory rotation then requires the addition of teeth to circular 
wheels; and if in Fig. 2070 we also regard the circles drawn through I as the sections of pitcli- 
cylinders, it will be clear that the contact-curves shown in that figure will fulfill the functions of 
teeth if they be of such form that their common normal shall always pass through /. 

The principle upon which the finding of such curves depends is illustrated in Fig. 2072. A piece 
with a curved edge, PPP, is fixed upon a plane surface; and If A C is a loose curved ruler which 
may roll upon it. The two curves are now in contact at P; let the upper one roll to the right as 
shown by the arrow; which means that each point in its order of the one shall come into contact 
with each point in its order of the other. Thus, P-4 is equal to PP, and A will come into contact 
with B ; P A Cia equal to PB J), and C will come into contact with 2). At the present instant P 
is the centre upon which the upper curve is turning. Every point in it or rigidly connected with it is 
therefore moving in a circular arc of which P is the centre. Thus the motion of C is at the instant 
in the direction CP, tangent to that arc, or perpendicular to CP. CP is therefore tangent to the 
curve CD, which will be traced on the plane to which PBBia fastened, and CP is normal to it. 
The point C is on the rolling curv’e ; but this is not necessary. A marking-point, for instance, may 
be placed at L ; and it is at the instant moving in the direction L C, perpendicular to L P, and L 0 
would be tangent to the curve traced by L upon the plane. At the next instant the point of contact 
will change, but that point is always the centre about which the rolling curve is turning. Thus when 
A reaches the fixed curve at the point P, the latter will be the instantaneous axis. It is not neces¬ 
sary that PBD should be fixed: wc may suppose the upper curve to be fixed, and the lower one to 
roll upon it, carrying the attache<l plane under the tracing-point C; or both may be in actual motion, 
provided that the relative motions are such that the one measures itself off upon the other. The 
principle is that, if one curve move in rolling contact with another, the point of contact is the in¬ 
stantaneous axis, through which passes the normal to any line traced by a point connected with one 
upon the plane of the other. 
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Sitb-Geahiko. 

The application of the above principles to the construction of the teeth of spur-wheels is shown 
in Fig. 2073. Let CD be the axes, perpendicular to the paper, and LPB^ OP parts of the 
pitdi^rdes^ or sections of the pitch-cylinders, in contact at P. Let E be the centre of another 
drde tangent also at P to the other two, and carrying at P a marking-point. Let these three 
drdes roll in contact as shown by the arrows, with the same linear velocity. Then, while the 
lower pitch-circle turns through the angle P D C, the upper one will turn through the angle P C P, 
and the describing circle through the angle P EA^ the arcs P O^P and P A being equal; and 
meantime the marking-point will have traced the curves O A^ BA on the planes of the lower and 
upper pitch-circles respectively. Evidently, A G\s the epicycloid formed by rolling the describing 
circle on the outside of the lower pitch-circle, and ^ P is the hypocycloid generated by rolling the 
same describing circle on the inside of the upper pitch-circle. And from what precedes it is clear 
that these curves will act together properly as parts of the outlines of teeth. PP, P/ represent 
the same curves in contact at P; and the wheel D being turned to the right, PJ will drive P/be¬ 
fore it, the point of contact being on the arc P A^ the common normal passing always through P, 
and the velocity ratio being constant, until J and / come together at A. Ilere the action ends, and, 
the rotation being kept up by other teeth, this pair of curves quit contact. While it is not necessary 
that a circle should be taken as the describing curve, it is more convenient in practice; and the teeth 
whose forms are thus determined, known as epicyehided^ are those most extensively employed. The 
curve A which lies without the pitch-circle of its wheel, is technically called the face of the 
tooth; and the curve A P, lying within the pitch-circle, is called the flank of the tooth to which it 
belongs. Usually the teeth of each wheel have both faces and flanks; but as continuous rotation 
can be and sometimes is kept up without the aid of other curves than those shown, we will first con¬ 
sider the conditions under which this is possible. 

The arc of the pitch-circle occupied by a tooth, and a space is called the pitch of the teeth ; and a 
fractional tooth being impossible, the pitch must be an aliquot part of the circumference. If two 
wheels gear together, the pitch must be the same in each, so that the numbers of the teeth must 
have the same ratio as the diameters of the pitch-circles. The problem usually presented in practice 
is, to construct a pair of wheels which shall work with a given velocity ratio upon axes also given in 
position. The distance between the centres, being thus known, is divided into segments having the 
given ratio, and the pitch-circles, described with these segments as radii, are divided into as many 
equal parts as it is proposed to have teeth. The pitch, being thus found, is again divided into two 
p^, one being the thickness of the tooth, the other the breadth of a space. If absolutely accurate 
workmanship were possible, these parts might be exactly equal; but as it is not, the space must in 
practice be a little greater. The difference is called hackloeh: if the wheels are to be cast merely, it 
U customary to make this a certain fraction (from to i^) of the pitch ; but in cut gearing of any 
pretensions to accuracy, there is no reason why it should be anjthing like so large, or why it should 
varv with the pitch; it should be as small as the skill of the workman can make it with the tools at 
command. 

Now, referring again to Fig. 2073, let us suppose that P G had been determined as the pitch, and 
GHns the thickness of a tooth, on the wheel D Having selected a describing circle and construct¬ 
ed the curve O A^ the tooth is then to be completed by drawing the similar but reversed curve HA. 
This diagram is so proportioned that these curves intersect at A^ and we see that this is the limiting 
(ase; the angle of action P D G is equal to the pitch, and it cannot be made less, or one tooth would 
cease to act before the next one began. This determines the necessary length of the face AG; and 
since the opposite face also passes through A, it is just possible to make the tooth, which in this case 
ti pointed, of the requisite length. In this case also the line A D bisects G D, and is the radius of 
symmetry. But if, sifter determining A, the arc G H had been so cut hy A D that G F were less 
than F H., the tooth might have been made longer by continuing both faces, thus increasi^ the angle 
of 'action, or it would be of some thickness at the top, as in the next figure; but if G F had been 
greater than F the construction would have been impossible, the two faces intersecting below the 
point A. Now it is clear that a limiting case like this cannot be safely adopted in practice; the least 
inaccuracy in workmanship, or a very little wear (to which pointed teeth of this form are especially 
liable), will reduce the angle of action, and cause one tooth to quit correct driving contact before the 
next one begins to act. We say correct driving contact: if in Fig. 2073 we remove the second tooth 
PJKj the face A G of the first one will push the flank A B out of its way, and so turn the upper 
wheel; but the acting curves will not be tangent to each other, nor will the velocity ratio be constant, 
^t the speed of C will diminish. Each tooth should therefore come into action before the preced¬ 
ing one goes out; that is, the arc of action P G should be greater than the pitch, as in Fig. 2074, 
wUch illustrates a case practically feasible. 

The construction is as follows : Having set off from P the equal arcs of action P G^ P By greater 
than the pitch, and selected the describing circle, we construct the epicycloidal face G A and the 
hypocycloidal flank BA. Drawing A D, it cuts the lower pitch-circle in Fy and we find /’to be 
than half the thickness of the tooth G Hy so that, drawing the reversed face through Hy the 
t<«h is not pointed, but “ topped off ” by the circle VA W. The pitch-circles having been pre¬ 
viously divided, starting at the points Gy By the other teeth of the lower wheel are drawn in their 
proper positions, the spaces between them being bounded not by the pitch-circle, but by a circle a 
little inside of it, giving a little clearance for the tops of the teeth on the upper wheel, the faces 
A Gy etc., being continued within the pitch-circle by tangent radii. Now, as to the tooth of the 
upper wheel, BA is the whole of the acting flank ; but the space must clearly be made considerably 
dwper, to allow the pas^ge of the tooth of the lower wheel. The exact form of this space is im¬ 
material, BO long as the space is great enough; but it is usual to extend the hypocycloid / A to 5 as 
shown, tke bottoms of the spaces being form^ by a circle whose centre is ( 7 , which allows also a 
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clearance between it and the tops of the engaging teeth. When it is possible to construct wheels in 
this way, they will fulfill perfectly the requirement of transmitting continuous rotation with a con¬ 
stant velocity ratio. But if the wheel C, for example, be very small in proportion to /), the teeth 
of the latter will require to be very long, and in many if not most cases this construction will be 
impossible; and in many cases it is not desirable even when possible, for a reason which will appear 
from the following considerations: If we suppose i) to be the driver, and to turn to the right, the 
action begins at P and ends at the point of contact continually receding from the line of centres. 
But if we suppose G to drive in the opposite direction, the action begins at A and ends at P, and 
the point of contact is continually approaching the line of centres. There is during the action an 
amount of sliding equal to the difference between the lengths of the acting curves A A B; and 
it has been found that the friction is greater and more injurious in the latter case than in the former, 
the difference being analogous to that between pushing and drawing a cane over a pavement to which 
it is inclined. Of such a pair of wheels, then, the one whose teeth have faces ought always to drive, 
and the one with flanks only ought always to be the follower. But in many cases a wheel must be 
turned by another, and also drive a third. And besides, it is to be noted that the longer the face 
of the tooth, the greater is the angle between the line of action P Ay Fig. 2078, and the common 
tangent of the pitch-circles P T, The pressure as well as the motion acts in this line; and the great¬ 
er this obliquity, the greater will be the component in the line C D, that is, the greater will be the 



pressure on the journals. And finally, the difference between the lengths of the face and the flank 
which act together, and therefore the sliding, increases more and more rapidly as we recede from the 
pitch-circles. This latter fact is sufficient to show that the teeth of wheels ought always to be as 
small and numerous as possible; though this is in many cases also affected by considerations relating 
to the pressure to be transmitted and the strength of the materials to be used, with which we have 
nothing to do. 

It will now readily be seen, that by using another describing circle on the other side of the point 
P, as in Fig. 2075, thus giving both faces and flanks to the teeth of each wheel, two things will be 
accomplished: a given angle of action may be secured with shorter faces and therefore less sliding, 
and this angle will be divided into an angle of approaching and an angle of receding action, thus 
enabling us to use cither wheel as the driver. If a wheel has both to drive and to follow, it may be 
well to subdivide the angle of action equally; but in case it is to act as a driver only, its arc of 
approach may advantageously be made less than its arc of rcccssy in order to reduce the amount of 
the more injurious friction. The diameters of the pitch-circles and the numbers of the teeth being 
given, the pitch is determined, and, making the allowance for backlash, we find the thickness of the 
tooth. If we then assume the arcs of approach and of recess, we can determine whether the pro¬ 
posed conditions can be satisfied, and if so, the forms of the teeth as well as their heights, by con¬ 
structing the diagram, Fig. 2075, thus: Let D be the driver, and P 0 its arc of approach, which is 
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equal to P that of the follower. Taking any point Zon D P as the centre of a describing circle, 
draw the epicycloid Z P by rolling it on the outside of LP By and the bypocycloid 0 P by roiling it 
within O P G, These curves are respectively the face of the follower’s tooth and the flank of the 
driver’s. Draw the radius R ( 7 , cutti^ the pitch-circle of the follower in S: it L She just half the 
thickness of the tooth, the construction is so far possible, but the follower’s teeth will be pointed; 
if L She less than that, the teeth will be “ topped off,” but if greater, the size of the describing circle 
most be increased or the arc of approach diminished. The construction of the remainder is precise- 
Ij like that of Hg. 2073, above explained. Wo have here assumed possible conditions, and the 
action is readily traced. The arrows indicating the direction of the rotations, the driver’s flank 
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begins to act upon the face of the follower at P, and acts upon it until 0 and Z come together at P, 
the point of contact lying always in the arc R P. These two curves now quit contact, and the action 
is continoed between the face of the driver’s tooth and the flank of the follower’s, ending at Ay as 
in Fig. 2073. The teeth are completed by extending the flanks, as in Fig. 2074, to form the clearing 
spaces, and will present the appearance shown in Fig. 2076. 

Nothing has been said thus far about the diameter of the describing circle. In Fig. 2077 are 
shown three cases, this diameter being equal to, less, and greater than the radius of the pitch-circle 
within which the describing circle rolls. In the flrst case the hypocycloid B A becomes a diameter 
of the pitch-drcle, and the tooth, having radial flanks, is weak at the root In the second case the 
flj^nk is tangent to the radius B C at P, and curves away from it as it recedes from the pitch-circle, 
giving a much stronger form of tooth, which is therefore to be preferred for heavy work. In the 
third case the flank is still tangent to the radius P C at P, but curves in the opposite direction, the 
tooth consequently being not only weak but difficult to make. But with a given arc of action the 
greatest obliquity of the normal will be less, the greater the diameter of the describing circle; so 
that in watchwork or other delicate mechanism the third form might be employed. 

It will be noted that the face and the flank, which act in contact, are generated by the same describ¬ 
ing circle. Consequently, if it be required to make a set of wheels such that any two of them shall 
gear correctly together, not only must the pitch be the same in all, but the same describing circle 
most be used for tracing all the faces and all the flanks. And the diameter of this, for the reason 
Jost pointed out, should not be greater than the radius of the smallest wheel of the set. If it be 



just equal to tiiat radios, that wheel will have teeth with radial flanks; but these may be materially 
strengthened by joining them to the bottoms of the clearing spaces by circidar arcs, as in Fig. 2079; 
which indeed can be done in any case, as the depth of the space is considerably greater than the 
length of the acting flank, as shown in Fig. 2074. 
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' From Pig. 2075 it appears that the arc of approach varies with the length of the face of the fol 
lower, the arc of recess with that of the face of the driver. If it be imperative, then, that the lat¬ 
ter arc be the greater, the length of the face of a tooth will depend upon whether it is to drive or 
be driven. But in the majority of cases in ordinary practice this is not essential; and among mill¬ 
wrights the custom obtains of disregarding this distinction, and making the depth of the tooth, 
within and beyond the pitch-line, bear certain definite proportions to the pitch itself. In Fig. 2078 
are shown three slightly different proportions. In the first the whole depth is two-thirds of the 
pitch, the part within being to that without the pitch-circle as 6 to 4; in the second the whole depth is 
four-fifths of the pitch, divided in the proportion of 18 to 11; and in the third we have four-tenths 
within and three-tenths without the pitch-circle. By adopting either of these systems of propor¬ 
tioning the teeth, the wheels will work together without risk of a tooth going out of gear too soon, 
provided that none of them have less than 15 teeth; but of course the arcs of approach and of 
recess will vary according to the numbers of the teeth and the size of the describing circles se¬ 
lected. But as the locus of contact is always the circumference of that describing circle, it is easy 
to determine by the diagram. Fig. 2075, what these arcs are. And as the necessary arc of action, 
and with it the necessary length of the face, increases with the pitch, it will be found that these 
proportions, though good within the limits named, will not answer if the number of teeth in a wheel 
be small; and the length of the tooth must be determined in such cases by actual construction, as 
above explained. 

Rack and Wheel. —If one of a pair of wheels become infinitely large, its pitch-circle will become 
a right line tangent to that of the other wheel, as O f?. Fig. 2079. The similarity of this diagram 
to Fig. 2075 is so great, that hardly any explanation is ne^ed. The same or different describing 
circles, on opposite sides of the point of contact, are used for generating the acting curves, the teeth 
of the wheel having epicycloidal faces and hypocycloidal flanks as before, while both faces and flanks 
of the rack-teeth are cycloids. The arc of action L P B of the wheel is of course equal to O P O 
on the pitch-line of the rack, L P being equal to O P, and P B equal to P and the necessary 
lengths of the faces and flanks are determined, the teeth completed, and the clearing spaces formed 
exactly as in Fig. 2075 ; the only point of difference being, that when the pitch and the arc of 
action are assumed, and the necessary length of the cycloidal face A O of the rack-tooth has been 
found, the possibility of satisfying the conditions is determined by drawing a perpendicular io 0 G 
from A, cutting the pitch-line in P; if P 6^ be less than or equal to half the thickness of a tooth, 
the construction is possible; but if greater, it is not. If the describing circles P, Zbe of equal 
diameters, and the same circle be used for the faces and flanks of a set of wheels, any one of them 
will gear correctly with the rack if the pitch be the same. 

If, as in Fig. 2080, the upper describing circle be of half the diameter of the pitch-circle, the 
flanks of the wheel-teeth become radial. We may assume a similar case below ; but the pitch-circle 
of the rack being of infinite diameter, its radius is also infinite, and the de.scribing circle is there¬ 
fore the pitch-line of the rack, which rolling on the upper pitch-circle gives involutes of that circle 
for the faces of the wheel-teeth. Thus, let L P, the arc of approach, be equal to 0 P on the pitch- 
line ; then, as the rotation progresses, a marking-point at O will trace on the plane of the wheel the 
involute O Z, and on the plane of the rack the traced curve will degenerate into the point O, which 
will meet L at P. The action is therefore bad, the wear during approach being confined to this 
single point on the rack-tooth, which has no flank proper. A clearing space is however needed, and 
0 V may be a circular arc whose centre is P and radius P 0, the ra^us of curvature of the invo¬ 
lute 0 LdX 0. 

Annular Whcch. —An annular or internally-toothed wheel may either drive or be driven. The 
construction of the teeth in the former case is illustrated in Fig. 2081. The diameter of the describ¬ 
ing circle E is, for reasons before explained, taken less than the radius of the smaller wheel: both 
the face A O of the driver’s tooth and the flank A B of the follower’s lie within the pitch-circle and 
are hypocycloidal. Since the pitch-circles both curve in the same direction, the teeth continue longer 
in gear than in the case of external contact, and it is usually unnecessary to have any arc of 
approach ; but should it be required, it may be obtained thus: Let P 0 be equal io P L; then a 
tracing-point fixed at 0 in the outer pitch-circle will mark on the plane of the inner one the internal 
epicycloid O X, and on its own plane merely the point O, to which therefore the action of the fol¬ 
lower’s face is confined. The possibility of satisfying the assumed conditions is determined exactly 
as in the cases already described. Thus, .4 is the necessary length of the driver’s face, with the 
given describing circle and for the arc of recess P O. Draw D A cutting the pitch-circle in F; 
then F G must not be greater than half the thickness of the tooth, which is known if the number 
of teeth be assigned. The clearing space of the follower is formed as usual by continuing the 
hjrpocycloidal flank to the requisite depth ; in the annular wheel a short radial line, tangent to the 
face A G ni G^ is drawn to limit this space on the side, the bottom being a circle whose centre is 
D. In both wheels the comers of the spaces may be rounded. Now it will be seen that if the 
pinion drive, the action will be confined to the arc of recess by cutting down the faces of the teeth 
of the wheel to the pitch-line; and by reducing their length to a less extent, and increasing the face 
of the pinion’s tooth, the action may be dividSi in any desired proportion. In all cases, however, 
it is better to have no arc of approach if it can be avoided without unduly lengthening the face of 
the driving tooth, which increases the obliquity of the line of action and also the sliding. But we 
have also just seen that the action of the curve O Z is confined to the single point 0 on the outer 
wheel; and this is a serious objection to the method above mentioned of forming the teeth when the 
pinion is to drive. 

A much better way is shown in Fig. 2082, a describing circle P being used whose diameter is equal 
to or greater than the radius of the annular wheel, and always ^eater than the diameter of the pin¬ 
ion. The hypocycloidal face of the wheel-tooth will therefore either be a radius, or, as in the figure, 
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the ^ure, by taking the describing circle of proper diameter, to make the acting faces AB^ A G oi 
▼ety nearly equal length. When this can be done, it is an advantage, as the wear of the two sur- 
faoM will then be the same. 

In laying out annular gearing, when the internal wheel is large, care must be taken that the teeth 
are not too long to clear each other; which may require attention to the following consideration: If 
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in Fig. 2082 wc roll the pinion round within the wheel, the point A of the pinion-tooth will trace an 
epitrochoid on the plane of the outer wheel, which maj be readily constructed, and obviously must 
clear the points of the teeth of the annular wheel. Similarly the highest point of the tooth of that 
wheel, in rolling round the pinion, will trace on the plane of the latter an epitrochoid, which must 
clear the points of the teeth of the pinion. 

Pin- WAce'^ or Ttnindlcs .—A modification of epicycloidal gearing is shown in Fig. 2083, Let a 
marking-point be fixed at P in the upper pitch-circle; then it will trace upon the plane of the lower 
one, while the latter turns through the angle PZ)P, the curve B Ay the arcs PBy P A being equaL 
This curve is simply the epicycloid generated by rolling the upper pitch-circle on the lower; the curve 
traced on the plane of the upper degenerates into a point. P P is a curve similar and equal io BA ^ 
and if we suppose P to be a pin of no sensible diameter, fixed in the wheel (?, this curve will drive 
the pin as shown by the arrow, the action ending at A. Now if PP be the pitch, we can construct 
the elementary tooth by drawing the reverse faces BAEyPOEy which will drive the pins in either 
direction. These faces intersect in Ey thus limiting the height of the tooth when the pitch is as¬ 
sumed. In the diagram E falls within the pitch-circle of the upper wheel, and the face of the tooth 
may be made longer than B Ay thus making the arc of action greater than the pitch: had E fallen 
on the circumference of (?, we should have had the limiting case, the action on one pin continuing 
barely long enough for that on the next to begin. 

Practically, the pins must have a sensible diameter, and are made cylindrical, being technically 
called staves, which are usually inserted into two circular disks fixed on the axis, thus forming what 
in mill-work is called a trundle or lantern. The form of the tooth of the wheel is derived from the 
epicycloid, by drawing a curve at a constant normal distance from it; which is done graphically by 
describing any number of circular arcs with a radius equal to that of the pin, the centres being on 
the epicycloid, and making the new curve tangent to them all, as in Fig. 2084. 

When the number of teeth, or in other words the pitch, is assign^, it is necessary to ascertain 
what diameter can be given to the pins. This is done as in Fi^2085, thus: Let PP be the pitch 
on the driver By PA that on the follower C; draw PAy bisect PBin Gy and draw B Gy producing 
it to cut P A in H: then the pin may have any radius less than A H. For, drawing the elementary 
tooth PE By we see that P^ is normal to the epicycloid B A EyXo the parallel or derived curve, 
and to the circumference of the pin. If we assume A P as the radius of the latter, it is plain that 
the highest point of the tooth will be P, and that it will be just quitting contact when the next one 
comes into action. With the smaller radius used in the figure, the derived tooth-outlines would inter¬ 
sect at 1 on the radius B Ey and the tooth, if it were desirable to have it pointed, might be extended 
to that point. It is however better to have it “ topped off as shown, which may now safely be 
done, as the action on A is not yet ended, while the next tooth has begun to drive the pin P. In 
the elementary form. Fig. 2088, it is seen that the action is wholly confined to the arc of recess, if 
the teeth arc given to the driver. When the pins arc of sensible diameter, as in Fig. 2086, there is 
an arc of approach, but a comparatively small one; so that in practice the pins are invariably given 
to the follower. 

In the case of the rack, then, the form is materially different if it drive from that which it has if 
driven. Fig. 2086 shows the construction in the former case; the elementary rack-tooth being the 
cycloid traced by the pitch-circle of the wheel rolling on its tangent, from which the practical tooth- 
outline is dcriv^ as before. In determining the radius of the pin, the line corresponding to the 
radius B G of Fig. 2086 here becomes perpendicular to the pitch-line of the rack. If the wheel 
drive, the pins arc given to the rack, and the elementary tooth is the involute of the pitch-circle of the 



2087 . 



wheel. So also is the derived curve, which it is therefore unnecessary to construct. The appearance 
of the combination is shown in Fig. 2087, and it is open to the same objection as that mentioned in 
regard to the action of the faces of the wheel-teeth in Fig. 2080; that is, the whole wear is confined 
to a single point on each pin, so that it makes no difference whether the pin be circular or not, as 
it will work equally well if made with flat sides perpendicular to the pitch-line of the rack. 

Annular pin-gearing also furnishes two coses differing materially in appearance. If the inner 
wheel be the driver, the construction is as shown In Fig. 2088, the elementary tooth being the in¬ 
ternal epicycloid generated by rolling the outer pitch-circle upon the inner, and the radius of the pin 
being determined as in Fig. 2086, the lettering corresponding throughout. If the annular wheel 
drive, as in Fig. 2089, the face of its elementary tooth is the hypocycloid generated by rolling the 
pitch-circle of the pinion within that of the outer wheel; and the general construction will be readily 
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eeen by comparing this figure with the preceding one and with Fig. 2085. If the diameter of the 
inner wheel be half that of the annular one, the teeth of the latter become radii of the pitch-circle 
if the pin be a mathematical point; and when it is made of sensible diameter, the derired outline 
of each tooth of the annular wheel is a line parallel to its primitive radius. The arc of action may 



in this case be made so long that three or even two pins are sufficient to drive the outer wheel con¬ 
tinuously, the whole oombinatiifa in the latter case assuming a very curious aspect, as shown in Fig. 
209<3 ; the pins turning in blocks which slide back and forth in the two slots at right angles to each 
other, which are the disguised teeth. 

^mr- Wheels with Involute Teeth .—^Next to the cpicycloidal, the form of tooth most extensively 
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used is that of the involute of the circle. We have seen that any curve carrying a marking-point, 
and rolling in contact with both pitch-circles, may be used to generate the acting outlines of the 
teeth. Abstractly speaking, that is: for many curves which may be thus generated, although they 
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geometrically satisfy the conditions, are incapable of being practically used. Not so ^ith the invo¬ 
lute ; but though it can be thus generated, its fitness for the purpose may be much more clearly and 
simply shown by deriving it in another way. Let C, D, Fig. 2091, be the centres of the pitch-circles 
L P 0^ M P Ny in contact at P, Through Pdraw A B oblique to (72), the line of centres, and let 
fall upon it the perpendiculars C-ff, 2) -4, with which as radii draw the circles B S A E R, Sup¬ 
pose these circles to be disks upon which is wotmd an inextensible band A B^ carrying a pencil at A: 
if the upper one be turned to the left, it will cause the lower one to turn to the right, and the pencil 
to travel in the line of the common tangent, as shown by the arrows; and in going from A to B^ the 
pencil will mark upon the planes of the upper and lower wheels respectively the curves A E B. 
These are the involutes, not of the pitch-circles, but of the base-circles B S F^ A E R^ whose radii 
C B^ D A are to each other in the same ratio as C P^ DP^ the radii of the pitch-circles, by reason 
of the similar triangles P C B^ P JD A. By the mode of generation, the arcs A E, B F equal to 
A P and therefore to each other; and the curves, being simultaneously described by a point which 
lies in the common tangent to the base-circles, that is to say, in the common normal to the involutes, 
are tangent to each other throughout the generation, and the common normal always cuts C J) at P. 
These curves may therefore be used as teeth for the wheels to which they respectively belong; thus, 
AI Gf similar to E B^ will drive AJF^sa indicated by the arrows, with a constant velocity ratio, 
the locus of contact being A B, Now, because A B^ the line of action, has a constant inclination to 
T Ty the common tangent of the pitch-circles, there is always a certain fixed component of pressure 
in the line of centres C D, This, tending to cause wear in the bearings, is urged as an objection to 
this form of tooth for heavy work; to w’hich the epicycloidal form is not open, as in that the obli¬ 
quity of the common normal varies, and it is perpendicular to C 2) when the point of contact reaches 
P. To offset this, however, this form possesses some advantages The line A B was drawn at 
pleasure, and the demonstration in no wise depends upon its inclination; consequently, for the same 
pitch-circles an infinite number of base-circles may be used, or for the same base-circles an infinite 
number of pitch-circles may be assigned, the only condition being that the diameters shall have the 
same ratio in either case. Therefore any two wheels with involute teeth will gear together correctly 
if the pitch be the same in each; and further, the velocity ratio will not be affected by changing the 
distance between the centres, the effect of which is merely to alter the obliquity of the line of action. 
The backlash may therefore be reduced to a minimum by bringing the axes as close together as they 
can be without causing the teeth to bind; and if by wear of bearings the axes become too wide¬ 
ly separated, the teeth will still gear correctly so long as they engage at all. None of these things 
can be said in favor of the epicycloidal form; and moreover, the involute is essentially a strong form 
of tooth. 

Since the involute docs not continue within its circle, it is clear that in Fig. 2091 AF^BE are the 
greatest lengths of the acting faces that can be used; and if they are used, the teeth will be pointed, 
as G Uy B H W. Considering D as the driver, the action begins at A ; and when I and J meet 
at Py the marking-point having traveled from A to P, the curve IA will have the position P V. 
The arc of approach A K being thus equal to A Py the arc of recess V E must be equal to P By 


since A Ey the whole ore of action, is equal to ABySa before seen. 


But^ = 


AD _ 
BC^ 


PD 

PC' 


that is to say, the arcs of approach and of recess, if the teeth be of the greatest possible length, 
are to each other as the radii of the pitch-circles, or as the radii of the base-circles, of the driver 
and the follower respectively. But as it is not necessary that the full length of the curves should 
be used, the arcs of recess and approach may be proportioned at pleasure by properly adjusting the 
lengths of the teeth. 

The diagram. Fig. 2091, is made without any regard to practical proportions, for the sake of per¬ 
spicuity, the obliquity of A By as well as the pitch, being plainly excessive. In practice, the angle 
between A B and T T should never exceed 20*" if it be possible to keep it within that limit, and it 
is better that it should be no more than from 16® to 17®; and the laying out of working teeth is 
illustrated in Fig. 2092. Through P are first drawn C 2), the line of centres, an arc of each pitch- 
circle, and T Ty the common tangent, from which is measured the angle of the line of action A By 
which in this case is 17®, by which the radii of the base-circles are determined. Then also through 
P are drawn P G Vy PL Wy the involutes of the lower and upper base-circles. Supposing the num¬ 
ber of teeth to be assigned, the pitch, and the thickness of the tooth as measured on the pitch-circle, 
are known. Now, if we assume the height of the tooth of 2), taking for instance G as the highest 
point, we may find the arc of action on the right of (7 2) thus; Through G describe a circular arc 
with 2) as its centre, cutting A By the locus of contact, in I; then PI will be equal to the arc of 
action on the hase^ircle through Ay from which that on the pitch-circle is readily found, subtending 
the same angle. Or if that part of the angle of action be assumed, we can by reversing this process 
find P/, and thence determine G. Draw (7 2) cutting the pitch-circle in 2; then, if P2 be just 
half the thickness of the tooth, the latter will be pointed; if less, the tooth may be topped off as in 
the figure, while if greater the assumed conditions cannot be satisfied. By a proceeding exactly 
similar, in the case of the upper wheel, we determine the height of its tooth; and, setting off from 
P the thickness on each pitch-circle, the opposite sides of the teeth are bounded by similar and re¬ 
versed involutes. The clearing spaces of the upper wheel may be of any forms which will not touch 
the epitrochoids marked on the plane of that wheel by the points in the outer edge of the tooth of 
the lower one, and in a similar manner the forms of those in the lower wheel may be determined. 

Rack and Whed wilh Involute Teeth, —We have already met with one case in which the tooth of a 
wheel working with a rack, or at least that part of it lying without its pitch-circle, is of the involute 
form. This was shown in Fig. 2080; but, as there pointed out, it was the involute of the pitch-cir¬ 
cle, and the action was objectionable as confining the wear to a single point of the rack-tooth. A 
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better method of constracting inrolute rack-work is shown in Fig, 2093. Let C be the centre of the 
pitch-circle M P and T the pitch-line of the rack. Draw through P, the point of contact, a line 
of action making any angle with TT; let fall CA perpendicular to BAj producing it to cut 

CA PA 

T Tin D ; then ^p = Therefore a pencil at P, traveling from P to ,4 in a right line while 

the rack moves through the distance P P, the wheel turning also as shown by the arrows, will trace 
on the plane of the rack the right line D and on that of the wheel the involute of the base- 
circle A O. By reversii^ the rotation and letting the pencil travel from P to P, we should evident¬ 
ly obtain the extension B G of the curve and D Fof the right line; and it is equally clear that by 
thus reversing the direction, the curve ABO will drive the rack to the left with a constant velocity 
ratio, the locus of contact being A P. The point A limits the top of the rack-tooth and the bottom 
of the acting wheel-tooth, the action in the case above supposed beginning at A and ending at P / 
the latter {>oint being found, if be assumed, by describing a circle through G to cut the line of 
action : by drawing through P a parallel to T P, we find P, the point of the rack-tooth which will 
meet G in the action. So if we assume / as the highest point of the rack-tooth, a parallel to T T 
through /cuts E Ain PP, which will be equal to the arc of action on the right of CP, 

measured on the base-circle: on the pitch-circle or on the pitch line of the rack, it will be /P, found 
by drawing HJ perpendicular to P-4, cutting T Tm J, If 7 be assumed, 7>P, found by dropping 
from I a perpendicular on T P, must not be greater than half the thickness of a tooth, and should 
be less; and the same is true of P P, the intercept on the pitch-circle between B and the radius 
C G. As in Fig. 2091, practical proportions are in this diagram dlsregaided; the obliquity of the 
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line of action should be no greater than in the case of two wheels, and the appearance of a working 
rack and wheel of this construction is shown in Fig. 2094. 

It may be added that it is possible also to construct annular gearing with involute tooth-lines ; but 
the fact is of no practical importance, as the teeth of the outer wheel will assume a form very diffi¬ 
cult to make. 

To find the Form of a Tooth which ihaU gear cot'rcctlg with one whose Form is given ,—If a tooth 
of any reasonable form be given to a wheel, it is possible to find the curves which by rolling upon 
the pitch-circlc shall generate the given tooth-outline; and, by using the same describing curves in 
connection with the pitch-circle of another wheel, to construct a tooth which will work correctly with 
the first one. The describing curve may or may not be a circle; but the operation above described 
b more laborious, and the result less reliable, than the mechanical method illustrated in Fig. 2096. 
Let the form of the assigned tooth, A, be accurately cut out as part of a piece of cardboard of the 
form of a sector PP, whose centre is 7), that of the given pitch-circle, MA N; which is to be 
drawn on the tooth, catting its outline at P, Cut out also another sector, PP, on which describe 
the pitch-circle L O of the other wheel, and also a radial line CP. Draw on the first sector the 
radius DP; then by making P on the one coincide with P on the other, and setting the two radii 
by the same straight-edge, the proper distance between the centres will be fixed, and each sector may 
then be fastened to the drawing-board by a pin through its own centre, being thus free to turn. P P 
being uppermost, as shown, the outline of the tooth is to be traced on the lower sector. Then turn¬ 
ing it through a small angle, PPis to be turned also through a corresponding angle, which will de¬ 
pend upon the ratio of the diameters of the pitch-circles, and the outline of A traced again. By 
marking on each sector the angle subtended by a given length measured on its pitch-circle, and grad¬ 
uating its edge by subdividing this angle into the same number of equal parts on each sector, the 
corresponding movements of the two may be readily and accurately adjusted by reference to two 
fixed marks on the drawing-board, as shown at P, 8. Now, in every position of A relatively to the 
tooth with which it is to gear, it must be tangent to it somewhere. By tracing the outline of A 
repeatedly, we simply keep a record of the different positions, and by drawing a line tangent to them 
all, as thus traced, we must have the form of the tooth to which it was thus tangent. If this opera¬ 
tion be carefully performed, and a sufficient number of positions of A traced, we shall find the space 
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on the lower sector, between the adjacent teeth X, F, covered with fine lines, and the forms of those 
teeth accurately mapped out 

Non^ymnidrical Teeth .—Were the two sides of the tooth A in Fig. 2096 exactly alike, it would 
be unnecessary to map out in the manner described more than the outline of the single tooth X. 
Now it is usual to make a wheel-tooth symmetrical about its central radius, the opposite sides being 
formed of similar curves, as we have all along supposed to be done. But this is of course not essen¬ 
tial ; the fronts and backs of the teeth, being entirely independent of each other, may be formed by 
using different desciibing curves: thus, as in Fig. 2096, we may make teeth of the involute form on 
one side and epicycloidal on the other, if for any reason it should be thought desirable. 

Twisted Spur-Gearino. —If we suppose a pair of ordinary spur-wheels to be split tranvcrscly into 
thin laminae, each of these thin spur-wheels will correctly drive the one with which it is in gear. If 
in Fig. 2097 we suppose the laminae of which the lower wheel D is composed to be twisted upon 
each other to the right, so that each one shall overlap the one below it to the same extent, those of 
the other wheel, C, will be driven round to the left. The original tooth-surfaces of the wheels were 
composed of rectilinear elements parallel to the axes; if we suppose these laminae to be of no sensi¬ 
ble thickness, infinite in number, and uniformly twisted or rotated past each other, these rectilinear 
elements will become helices. If the laminae be of sensible thickness, we shall have what are called 
stepped wheels, those which are fixed upon the same axis, and constitute practically one wheel, being 
yet essentially distinct wheels in different phases of action; nor is this fact altered by any diminution 
in the thickness of the laminae. When that diminution reaches the limit, and the tooth-surfaces are 
composed of helical elements, we have what is known as Hookers spiral gearing, to which we have 



given a different name, because it is also often but erroneously called srr«io-gearing. The transmis¬ 
sion of rotation in this form of gearing is due to the successive action of the laminee of one wheel 
upon those of the other, each in its own plane, however thin they may be supposed, exactly as one 
spur-wheel acts upon another; and not in any manner or degree to the helical form of the elements. 
In spur-gearing proper, the common normals to the tooth-surfaces, which being cylindrical are tan¬ 
gent all along an element, all lie in planes perpendicular to the axes. In twisted spur-wheels, the 
helicoidal tooth-surfaces, if tangent along any line, touch each other along one which will vary in 
form with the amount of twist and also with the actual form of the transverse section or outline of 
the tooth, and at any rate partakes more or less of the helical form. The common normals will 
therefore not lie in planes perpendicular to the axes; the consequence of which, and of whatever 
may be screw-like in the action of the wheels, is to produce, not rotation, but end-pressure in the 
lines of the axes. 

The advantage of thus twisting the teeth arises from the fact that different phases of the action 
exist in every position of the wheels relatively to each other. The action of a pair of spur-wheels 
is at its best when the point of contact is on the line of centres, or more properly, since they have 
sensible thickness, when the element of contact is in the plane of the axes. And if a pair of spur- 
wheels of any given thickness be twisted through angles measured by the arcs of action, it is clear 
that there will always be one point of contact in the plane of the axes. This being the case, it fol¬ 
lows that if desired the transverse sections, or tooth-outlines, may be such that the action of one upon 
the other shall begin and end upon the line of centres, continuing but for one instant. This is easily 
done, as may be seen in Fig. 2098, where both wheels are shown with radial flanks to the teeth. 
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Were the wheels to work in the ordinary way as spur-wheels, the faces of the teeth of D should be 
formed by rolling the upper describing circle upon the lower pitch-circle; but now they may be of 
any form that will lie within the epicycloids that would be thus generated, but should be tangent to 
the radial flanks of D ; and a similar argument holds in relation to the upper wheel. When this is 
done, the sliding disappears, and the wheels work in pure rolling contact; but there is at any instant 
only a hingle point of tangency, which must bear all the pressure, and this travels along the wheels 
from end to end as they turn. The action is, however, remarkably smooth and noiseless, so that 
such wheels are peculiarly fitted for high velocities under moderate pressures. 

Bat, whatever the form of the section, the tooth will ultimately become a helical element of the 
pittfli-cylinder. In Fig. 2099, ABy CD Kve tht axes of the cylinders EH, Ely tangent along the 
element EL. Let the twist be such that on the lower cylinder the elementary tooth shall Im the 
helix EE; then that upon the upper will be the helix E Oy the axial advance being the same, but 
the perimetral travel being at rates which are to each other inversely as the diameters of the cylin¬ 
ders, since the arcs whose projections are LFy L O must be equal in length by the mode of deriva¬ 
tion. These helices must coincide when developed upon the common tangent plane; hence, if one 
be assumed, the other may be found by developing the first and then wrapping it upon the other 
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cylinder. The cylinders in Fig. 2099 are externally tangent, and it is obvious that if the helix on 
one be right-handed, that on the other will be left-hand^. An annular wheel, with its pinion, may 
be also made with twisted teeth in the same manner. In this case, the larger pitch-cylinder being 
internally tangent to the smaller, the helices will be either right-handed or left-handed on both. 
And it will readily be seen that a wheel gearing with a rack may be modified in the same way ; each 
of the rack being advanced beyond the succeeding one to the same extent, in twisting the 
wheel uniformly, it is clear that the tooth-surfaces of the former will be composed of right Ones, 
oblique to the plane of rotation. And when the teeth of the wheel ultimately become helical ele¬ 
ments of the pitch-cylinder, those of the rack will become right lines in the tangent-plane, coinciding 
with the developments of those helices. The pressure in the direction of the axes, above mentioned, 
may be neutralized by making each wheel in two parts, one of which is twisted in one direction, and 
the other in the oppoidte. 

(hi TWE Drawing or Epitrochoidal Citrvks. —^All curves traced by a marking-point carried by one 
line which rolls upon another are called epitrochoids; and among them are the cycloid, epicyloid, 
byi>ocycloid, and involute, forming the outlines of the teeth of wheels. The following graphic pro- 
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cesses will be found of great utility and convenience in many operations besides that of drawing the 
curves above mentioned. 

I. To find approximately the length of a given circular arc, —Let C, Fig. 2100, be the centre of the 
circular arc An, At A draw the tangent A T; draw the chord BA^ bisect it at D, and produce it 
to £y making A E = A D, With centre E and radius EB describe an arc cutting the tangent in 
F. Then A F will be approximately equal in length to the given arc A B, It is stated by Prof. 
Rankine, from whom these processes are taken, that if the angle A C B^ subtended by the given arc, 
be 60’’, A F thus determined will be too short by about yljf of its own length. Also, the error 
varies as the fourth power of the angle; so that if an arc of 80” be rectified by this process, the 
theoretical error will be reduced to nrliru* 

IL On a given circle to lay off an arc apgjroximately equal in length to a given straight line, —Let 
the given line A By Fig. 2101, be tangent at A to the given circle. On A B make A B = ^ A B; 
with D as centre and DB=. \ AB as radius, describe an arc cutting the given circle vn E; then 
will A E=. A By nearly. The error in this construction is the same as in the preceding one, and 
follows the same law. If then A Ey when found as above, subtends an angle of more than about 
60”, the^ven line A B may be subdivided, and the arc corresponding to any fraction of it determined. 

III. To find the radius of a circle on which an arc of a given length shall measure a given angle .— 
Let A By Fig. 2102, be the length of the arc. Draw the indefinite line A G, making the angle BAG 
half the given angle; also draw A H perpendicular to A B. Set off as before A D A By and 
with centre D and radius D B describe an arc cutting A G in E, Bisect A* by a perpendicular 
cutting A H m C; then A C \b the radius sought. For, drawing the arc A E and the radius CEy 
the angle B A Ey between the chord and the tangent, is half the angle A CEat the edntre. 

This being only an application of the preceding process, and involving the same error, if the given 
angle be over 60% both it and the given line should be subdivided. By this method we may readily 
find the diameter of a circle when the circumference is given; for, making A B one-sixth of the 
given circumference, and the angle BAG equal to 80”, we at once have A E the radius. 

77u Cycloid ,—Let the circle whose centre is C, Fig. 2103, roll on the right line A By to which it 
is tangent at P; then a marking-point at O in the circumference will trace the cycloid OBI). 
Divide the semi-circumference P O into equal parts at 1,2, 8, etc.; set off PD equal to this semi- 
circumference, and divide it into the same number of equal parts at the points correspondingly num¬ 
bered. The number of subdivisions is immaterial; practically the six shown are suflBcient and the 
most readily made, P D being found by rectifying P 2 as above explained, and setting off the length 

thus determined three times from P. 
The points 1, 2, 8, etc., on the circle, 
will come successively into contact 
with the points T, 2', 3', etc., on the 
tangent; and the centre, traveling 
in the line parallel to A By will be 
always vertically over the point of 
contact Thus, when C2 becomes 
the contact-radius, it will have the 
position E 2' ; when C 4 is the con¬ 
tact-radius, the centre will be at 7% 
.j and BO on. But the distance from O 
to the point 2 on the circle is the 
same when the centre is at E as when 
it is at C: if then we set off from 
the point 2' on the tangent the chord 
2' P = O 2 on the circle, EB will be 
the position of the generating radius 
C 0 for that position of the circle, 
and B a point on the cycloid. When 
C has reached Fy C 4 being contact-radius, the generating radius will be FSy the chord 4' S being 
made equal to the chord 04 ; and in like manner any number of points may be found. When O 
reaches D, the radius C O will have the inverted position G D, to which the cycloid is tangent at D. 

The rolling motion of the circle is compounded of a rotation on its axis and a bodily translation 
in the direction C G. We may imagine these motions to take place separately and successively, 
instead of simultaneously, and thus find points in the cycloid in another way. If, for instance, we 
suppose the circle to be turned round its centre C until C2 takes the place of CP, this will bring 
the generating radius C 0 to the position C4; if we then push the circle forward through a dis¬ 
tance C E equal to the arc 2 P or C4, we shall have the generating radius PP in its correct posi¬ 
tion, parallel to C 4. So also if C be turned round C to the point 2 on the circle, and then pushed 
forward to P, the distance 2 8 being equal to the arc O 2, then 8 will be a point on the cycloid. 

But a more rapid and accurate methc^ of drawing the curve is by means of tangent arcs. This 
method depends on the fact already stated, that in rolling contact the point of tangency is in the 
instantaneous axis. Thus, in the original position of the circle, P is the instantaneous centre; and 
when the circle begins to roll, every point in or connected with it is at the instant in the act of 
describing a circle of which P is the centre. If then we describe an arc about P with radius 0 P, 
the direction of that arc is also the direction of O’s path at that instant. When C2 becomes the 
contact-radius, the instantaneous centre will be the point 2' on A B, But as the chord O 2 of the 
circle does not change its length, it must then be the instantaneous radius ; therefore, if about 2' on 
the tangent, with radius 2' P = 0 2, we describe an arc, it also will coincide in direction with the 
path of O at the instant Now the direction of a curve at any point is that of its tangent at that 
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point; and these arcs being traced by 0^ which also traces the cycloid, it follows that the latter 
corre is tangent to the arcs. If then we take as centres the points 1', 2', 3', etc., on A and about 
them describe arcs, using as radii the chords 01, 0 2, etc., the envelope of these arcs, or curve tangent 
to them all, will be the cycloid. And these arcs serve better as guides in drawing the curve than 
actual points would, since they do give an indication of its direction, while the points do not. By 
making a greater number of subdivisions and striking a greater number of arcs, the cycloid may be 
mapp^ out with any desired degree of precision, though not a single point be found. Should the 
point of the curve corresponding to any point of contact, as for instance 2' on A be required, it is 
quickly found by erecting the perpendicular 2' jE* to locate the centre, and cutting the cycloid by an 
arc of the describing circle, which will of course give R the extremity of the instantaneous radius 
for the point selected. This instantaneous radius is of course the normal, and TR 7^ perpendicular 
to it is the tangent, to the cycloid at R; and the radius of curvature is X, found by prolonging 
and doubbng 72 2'; so also MS^ twice the instantaneous radius 4' yS, is the radius of curvature at S, 

The Epietfdoid .—This curve is traced by the rolling of a circle, not upon a baee-line, but upon the 
outside of a bage^reU, In Fig. 2104, H is the centre of the base-circle, C that of the rolling one, 
in the circumference of whi(£ is 
Oy the marking-point. P being 
the point of contact at starting, 
the radii CP, PAT lie in one right 
line; and as the point of contact 
must always lie on the line of cen¬ 
tres, when C reaches E the line 
PPwill cut the base-circle A PB 
at 2', the point of contact then, 
and P2' must be equal to the arc 
P2 which has rolled over it, and 
the path of C will be a circle whose 
centre is H. The first step then 
is to subdivide the semi-circumfer¬ 
ence P 0 into equal parts at the 
points 2, 4 (a greater number be¬ 
ing of course used in practice; but 
the analogy to the preceding figure 
is so dose that what is here shown 
will suffice for illustration). On 
the left is shown the operation of 
reetifying P an arc equal to 
P2, on the common tangent P P, 
and of setting off on the base-cir-. 
de an arc P IF equal to the length 
thus found and therefore to P2. 

Equal arcs P2', 2' 4', 4' i>, being 
then set off from P toward P, we 
have P D equal to the half cir- 
pmiference P 0, Now, when C2 
is contact-radius, E must be the 
rantre of the dewribing circle; and making 2' P = 2 0, we have P, a point in the curve. Other¬ 
wise, the rolling being now compounded of a rotation about C and a revoliUion about Hy we may 
fint turn the circle in its original position until 2 reaches P, which will bring O to 4 ; then a circu¬ 
lar arc through 4 with centre H will cut the describing circle in its second portion at P. 

^t, again, the method of tangent arcs may be used. When C 2 becomes contact-radius at E 2', the 
pmnt of contact 2' is the instantaneous centre, 2' P equal to 2 O is the instantaneous radius, and 
the curve will be tangent to the circular arc thus determined; and by repeating this as in the case 
of the ^doid, the curve may be most expeditiously mapped out, without finding a point in it. If 
the radius of curvature at any point, P for instance, be required, an arc described about P with the 
radius of the rolling drcle wUl give by its intersection with C G the path of the centre, the position 
of the latter when the marking-point is at P. Then PP determines 2', the corresponding point of 
oootact, and the position P2' of the instantaneous radius, normal to the curve. Prolong P 2' inde¬ 
finitely, draw PP the generating radius, and HI parallel to it. Bisect 2' Pin P, draw P K and 
produce it to cut P/in draw X AT parallel to PP, which will cut the prolongation of P 2' in 

My the centre of curvature. 

The Hjfpocydoid .—This is generated by a marking-point in the circumference of a circle which 
rolls on the itmde of another of greater diameter. The construction is illustrated in Fig. 2105, 
which is lettered throughout to correspond with Fig. 2104; and the steps of the process being iden¬ 
tical, induding the finding of the radios of curvature, no further explanation is necessary. 

Tfu Interned EpictfeUnd ,—^If one drcle be internally tangent to another, and the greater roll upon 
the less, a marki^-point in its droumference will trace what is called the interned epicyeloidy merely 
to call attention to the particular mode of generation. For it is to be noted that every epicydoid 
nmy be generated by the rolling upon the same base-drcle of either of two circles; and the same is 
true of the hypocycloid. Thus, in Fig. 2106, in the diagram on the left, let D be the centre of the 
fitsedrde, and C that of one which by rolling upon it will generate the epicycloid shown, the tan- 
^ncy being external. Then the same curve will also be traced by the rolling upon /) of the circle 
^ to which it is internally tangent; the diameter of this larger drcle being equal to the sum of the 
62 
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diameters of the other two. Thus every internal epicycloid is also an external one; but the epitro- 
choids traced by points carried by these different describing circles, not on their circumferences, will 
not be the same. In the.diagram on the right, D is the centre of the large base-circle, within which 
arc shown two describing circles, the sum of their diameters equaling the diameter of D ; and the 



same hypocycloid will be traced by the 
rolling of either of them w ithiii the out¬ 
er circle. In both these cases, if the 
curve be traced in a given direction, the 
two circles by which it may be gener¬ 
ated will roll in opposite directions. 

The Epitrochoid .—It is evident that 
the marking-point carried by a rolling 
circle, or other line, need not be in the 
rolling line. Although, as above stated, 
the terra epitrochoidal is applied in gen¬ 
eral to all lines generated by marking- 
points so controlled, yet the name c//i- 
trochoid is also specitically applied in 
the case in which the point is carried 
by one circle rolling upon another, and 
is not situated in the circumference. If 
it be outside the rolling circle, the curve 
is called a curtate epitrochoid, and is 
looped, as shown in Fig. 2107. If the 
marking-point be within the rolling cir¬ 
cle, as in Fig. 2108, the curve is waved, 
the marking-point never reaching the 
base-circle, and is called prolate. The 
epicycloid is therefore, it will be seen, 
but a special case, being the boundary 
between these two forms; and the mark¬ 
ing-point just reaching the base-circle, 
there is neither wave nor loop, but the 
cur\’e is tangent to the radius G Z>, the 
adjacent branches forming a cusp. The 
construction by points is almost self-evident; the position of the generating radius, being controlled 
by the rolling circle, is determined exactly as in the previous cases, and, its length being constant, 
points in either of these curves are found as readily as in the others. And it will be at once seen 
by these figures that the method by tangent arcs is of perfectly general application, in drawing all 
curves capable of being thus generated. 

The point of contact at any instant is the 
centre of rotation at that instant, and the 
distance to the marking-point is the in¬ 
stantaneous radius, with which the tan¬ 
gent arc is to be described. 

The Involute of the Circle .—^This may 
be considered in a sense the converse of 
the cycloid, being generated by a point 
in a right line rolling upon a circle. Or, 
what amounts to the same thing, if a pen¬ 
cil be fixed at the end of an inextensible 
string of no sensible thickness, and the 
string be wound upon or unwound from 
a circle, being held taut, it will trace the 
curve in question. It is easily construct¬ 
ed, as in Fig. 2109. The circumference 
being divided into equal parts at the 
points 0, 1, 2, etc., a tangent is drawn at each point, and on it is set off the length of the arc meas¬ 
ured from the point of starting to the point of tangency. Thus, let the semi-circumference be unwound 
to the right, beginning at 0 ; then the tangent 1 1 is made equal to the arc 1, the tangent 2 2 to the 
arc 0 2, and so on. l^e method of tangent arcs may also be used here. The points 1, 2, 8, etc., on 
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the circle being the instantaneous centres, the tangents 1 1, 2 2, etc., are the instantaneous radii. 
These tangents are also not only the normals to the curve, but also the radii of curvature at the cor- 
recoding points. 

Or CncuLJJi akd Diametral Pitch. —The term pileh^ as has been explained, is used to denote the 
distance, measured on the pitch-drcle, which is occupi^ by a tooth and a space; or in other words, 
the arc fonnd by dividing the circumference into as many equal parts as there are teeth in the wheel. 


2103 . 



2109 . 



We have, then: Pitch x number = circumference; whence, if either two factors be given, we readily 
find the third. It is clearly more convenient to express the pitch in whole numbers or manageable 
fractions, as 2-inch pitch, 1^-inch pitch, and so on. But the circumference being S.1416 times the 
diameter, it happens that if this system be adopted, the diameter of the pitch-circle will often involve 
an avkward decimaL The pitch as above defined is styled the circular pitch, in order to distinguish 
it from what is called the diametral pitch, the use of which is designed to avoid the inconvenient 
fractions above mentioned, and otherwise to facilitate the necessary calculations. The diametral 
pitch is simply the quotient found by dividing the diameter of the pitch-circle, instead of the circum¬ 
ference, by the number of teeth. Its relation to the circular pitch is clearly seen thus: 


Cfircular pitch = 


diameter x 3.1416 
number of teeth ’ 


Diametral pitch = 


Circular pitch 
^8.1416 


diameter 
number of teeth* 


In the practical use of this system, values of the diametral pitch are selected, being fractions hav- 
ing unity for the numerator and a whole number for a denominator in each case, as 

_ - . . , . . number of teeth 

The denominators of these fractions are evidently the corresponding values of-* and 

diameter 

are used to designate the wheels; thus, a “ 4-pitch wheel ” is one of which the diametral pitch is 
and 30 on. Suppose, for example, that we wish to know the diameter of a wheel of 40 teeth, of “ 6- 
pitdi”: we have ^ = 8 = diameter of pitch-circle. Or if the.number of teeth of “8-pitch’* in a 
wheel of 17^ diameter is desired, we have 8 x 17^ = 140 = number of teeth. 

The advantage of this system lies in the obvious fact that it is practically more important to have 
the diameter of the pitch-circle either a whole number or a convenient fraction, than that the cir¬ 
cular pitch should be either. 

Bitel-Gearixo. 

Bevel-wheels are used for the transmission of motion from one axis to another which intersects it. 
They are also called conical wheels, because the pitch-surfaces are cones, whose common apex is the 
intersection of the axes. It is usually the case in practice that the positions of the axes are given, 
and it is required to make the wheels so as to preserve a pven velocity ratio. The first step is to 
find the forms of the pitch-cones. In Fig. 2110, let A CD he the axes, meeting at V; and let 
ns suppose that two revolutions of the former are to produce three revolutions of the latter. Draw 
a line n n, parallel to A By and at a distance from it measuring S on any convenient scale of equal 
parts; also a line m m, parallel to C D, and at a distance from it equal to 2 on the same scale. These 
lines intersect at F; and drawing FP, we see that it will by revolving around A B generate one 
cone, while if it revolve around C DM will generate another, the two being tangent along VP; and 
these are the pitch-cones required. The line m m is here drawn within the angle B V D: had it 
been drawn writhin the angle A F 2), as in Fig. 2111, we should have had a different pair of cones; 
the velocity ratio is the same in either case, but it will be seen that, supposing A BUi rotate in the 
same direction in both instances, the rotations ot C D are in opposite directions. Now, only limited 
portions (frusta) of these cones need or can be employed, as ^own in the figures. Their distance 
from the vertex is immaterial, so far os the theory is concerned; and this, which also determines the 
actual size of the wheels, is usually decided by considerations connected with the framing of the ma¬ 
chine or the power to be transmitted, with neither of which we have to do in ascertaining the forms 
of the teeth. If one shaft can be carried past the other, however, we see that we have the choice 
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between two pairs of wheels, each giving the same velodtj ratio, but differing in regard to the direc¬ 
tions of the rotations. The choice here is also usually determined by the conditions of the machine 
in which the wheels are to be used; we will therefore suppose that the pair shown in Fig. 2110 has 
been selected, and that the teeth are to be laid out. 

The manner in which this is usually done is as follows: In Fig. 2112, VP E^V PH hxe the pitch- 



cones, V P being the common element, which and the axes arc in the plane of the paper. Draw 
through Pa perpendicular to TP, cutting Pat Pand CP at O. Then, if PPrevolve around 
A P, it will generate a cone P F Ey whose elements are normal to those of KPP. So also P C by 
revolving around CP generates a cone P O Hy normal U> V PH. These normal cones are now to 

be developed. It is clear that if PC 
be the trace of a plane perpendicular to 
the paper, it will be tangent to both; 
and the right-hand part of the diagram 
shows the development of the cones upon 
it. The vertices appear as the points 
ly K; the base of the upper cone will be 
a part of the circle L My whose radius 
is PP, and that of the lower will be a 
part of the circle N C, whose radius is 
O P. Upon these circles teeth are to be 
laid out as if they were the pitch-circles 
of spur-wheels, being usually made of 
the epicycloidal form. Were the whole 
surface of a normal cone developed, all 
the teeth laid out, a thin sheet of metal cut to the fotm thus found, and then wrapped back upon 
the cone, we should then have the outlines of the teeth on the larger end of the wheel. But in order 
to make the drawings, we need only lay out a single tooth on the development of each cone. Now 
the pitch is the same on both wheels, and when we have decided on the number of teeth, we know 
what it will be. We have then only to rectify such a fraction of the base-circle of either cone, EP 




for instance, as will contain the pitch any convenient number of times, set off on each circle in the 
development from the point of contact an arc equal in length to this rectification, by the processes 
already described, and divide each of these arcs into the same number of equal parts, to obtain the 
correct pitch on the developed bases and construct the teeth. Supposing this to be done, the mode 
of completing the drawing of the larger wheel is shown in Fig. 2113. 


Digitized by v^ooole 





GEABING. 


21 


It is eiident that, as the teeth project beyond the pitch-cone, both it and the normal cone must be 
enlaiiged beyond the original dimensions. Thus FP must be extended till FD is equal to the ex¬ 
treme radius of the developed tooth, which is projected back upon it, and the blank for the wheel 
will consist of a frustum of the cone D V joined to a frustum of the normal cone I) FH. The 
bottom of the space in the development is also projected back upon FP and the top and bottom 
of the tooth will be bounded in the section shown in the lower half of the side view by the lines 
BG^EK^ converging in V, Having decided on the length PRot the tooth, the inner end is lim¬ 
ited by another cone normal to the pitch-cone, generated by a line through R perpendicular to V P. 

If a side elevation is to be drawn, the end view must be first constructed. The points i>, P, P, in 
rerolring around the axis, describe circles which correspond to certain circles in the development. 
Thus ? describes the base of the pitch-cone, which develops into L M. In the end view, whose cen¬ 
tre is (7, this circle is seen in its true size; and the breadth of a tooth or of a space measured on 
this circle must be the same as the breadth measured on £ M, Similarly the breadth on the outer or 
inner circles, described by J) and P, must be the same as on the corresponding circles in the develop¬ 
ment Since the area are equal, but the radii different, the chords will not be equal: practically, 
however, the difference will not be appreciable unless the wheel be of great size or the pitch very 
coarse; and by the processes of rectification and its converse, previously explained, the difference 
may be determined graphically if desired. Intermediate circles may be drawn in the development 
and in the projections, and similarly used, for determining the breadth of the tooth at other points, 
and thns fixing the outline with precision. The form at the inner end is precisely similar but smaller, 
and is constructed by drawing radial lines to cut the series of smaller circles described by the points 
QyRyK. The radius of any intermediate circle in the devel^ment being projected on P2>, and a 
line drawn from the point thus found toward cutting G A, we shall have the point which will 



describe the corresponding intermediate circle at the inner end of the tooth. • The drawing of one 
tooth in the end view being completed, the others are copied in their proper positions, and the various 
points projected to the corresponding circles in the side elevation, where, being seen edgewise, they 
j^ipear simply as right lines, GJ^DH^ etc. Since all the elements of the tooth-surfaces converge 
in r, it is b^ter here also to determine only the forms of the teeth at the outer end by projection 
from the end view, and to draw converging lines toward V to find such outlines as may be visible at 
the inner end. 

This method of laying out the teeth is, however, only approximately correct. In spur-gearing the 
toQ^surface is generate by the element of a describing cylinder rolling in contact with the pitch- 
cylinder ; and it can be shown that in an analogous manner the tooth-surface should be generated by 
the element of a describing cone rolling with the pitch-cone. By following the motion of the describ^ 
ing element of this auxiliary cone, and finding the points in which in different positions it pierces the 
nofinal cone, we can construct the trace upon the latter of the surface thus generated, or in other 
words the outline of the correct tooth. The error of the method first described, then, consists in the 
Assumption that this outline when developed will be a true epicycloid, hypocycloid, or involute, as the 
case may be. 

In Fig. 2114, PVH pitch-cone, PFH its normal cone, and P F a describing cone, which 
by rolling on the outside of P V H will generate the surface of the face of the tooth. The normal 
cone is to be extended as far as may be necessary to determine the line in which the describing cone 
intersects it; in the side view this line is P P &, and in the end view, which is a projection on a 
pjtne perpendicular to FP (the axis of the pitch and normal conesl it appears as the curve PT GU. 
^'ow, taking P F, the common element at starting, for the describing line, it is clear that if the cone 
G were to turn while the normal cone did not, that element would trace on the latter merely 
this line of intersection. But the normal cone does turn, and, the ratio of the two vel^ties being 
known, we cui easily find the actual trace of FP upon it by the aid of this line of intersection. 


Digitized by v^ooQle 



22 


GEARING. 


Thus, let the lower cone turn until 2> P appears in the end view as 2> 1'; then the upper cone will 
have turned throu^ the known an^le P F1, and the curve 1 1' must meantime have been traced 
upon it. So when D P has gone to I)2\P V will have gone to F 2, and the curv’e 2 2' will have been 
traced, and so on. 

As an illustration of the extent of the error in the approximate method, we show in Fig. 2115 a 
full-size outline of a tooth as determined by it, and also as found by the process just explained. 



The wheel is one of 30 inches diameter, with 24 teeth. The describing cone was taken of the 
diameter which would generate a flank surface most nearly approximating to a plane, the difference 
being inappreciable within the limit of the depth of the clearing space ; and this being designed to 
gear with another wheel exactly similar, the same describing cone was used for the face of the tooth 
also. The form of the tooth which would be determined under these conditions by the first method 
is shown in dotted lines; the full lines being of the correct form as found by the second method. 
The discrepancy is quite marked, and suflScient to make a material difference in the smoothness of 
the action and in the durability of the wheels. 

It was remarked in connection with Figs. 2110 and 2111 that, with a given pair of axes and a 
given velocity ratio, it is always possible to construct two pairs of pitch-cones, of which the direc¬ 
tional relations are different. Of these, one pair will always be in external contact; but, as shown 
in Fig. 2116, the other pair may be such that one of the two shall touch the other internally. In 
this case the methods of constructing the teeth will be analogous to those used in annular spur-gear¬ 
ing. Or again, as in Fig. 2117, the common element FP, as determined by the process described, 
may be perpendicular to one of the axes, the pitch-cone thus degenerating into a plane. The normal 
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cone then becoming a cylinder, its base will develop into a right line, and the construction of the 
teeth by the first method will be similar to that applicable in the case of a rack and wheel. 

Tteiied BeveL WJuel *.—We may suppose a pair of bevel-wheels to be cut transversely into thin 
lamiiue, as we did in the case of two spur-wheels. Each of these thin wheels will drive its mate, and 
as before we may twist them round so that each one shall overlap the next one on the same axis, to 
the same angular extent. Supposing the laminae to be of inappreciable thickness, we shall thus 
transform the converging rectilinear elements of the tooth-surfaces into conical helices; and if the 
teeth be now made inde&iitely small and numerous, they will ultimately become such conical helices 
lying on the pitch-surfaces, as shown in Fig. 2118. We may thus attain in bevel-gearing the same 
adTintages that were shown to belong to twisted spur-gearing. Nor would it be difficult to make the 
teeth of this form in any engine in which it is possible to cut bevel-gearing correctly. Spur-wheels, 
iS is veil known, may be cut with precision by a milling-cutter whoso outline is that of the space 
between two teeth, b^use the elements of the teeth are parallel to the axis, and the space every¬ 
where of the same size and form. But the space between two teeth of a bevel-wheel continually 
chtnges its size, and though the outlines of parallel sections are all similar, they are of different 
cuvatures. Consequently the teeth can only be formed accurately by planing, as in the cutting 
engine of Corliss, the tool traveling always in a line toward the vertex of the pitch-cone. Now, if 
the blink be made to rotate uniformly during each cut, the desired twist may be given to the teeth 
vith ease and perfect accuracy. 

Sdw-Geabihg. 

When two axes lie in different planes, motion may be and often is transmitted from one to the 
other by means of two pairs of bevel-wheels; a third axis being introduced, cutting the other two. 
Bat it is possible to make a pair of wheels, one upon each shaft, whose teeth shall be composed of 
rectilinear elements, touch each other in a right line, and transmit rotation with a constant velocity 
ratio directly, thus dispensing with the countershaft and one pair of bevel-wheels. It is usually the 
cue that the positions of the axes and also the velocity ratio arc fixed by the requirements of the 
mechanism in which the wheels are to be used. 

In Fig. 2119, let A B represent one axis, supposed to be vertical and parallel to the paper; let 
C Dy alM parallel to the paper, represent the other axis. These projections intersect at Ey which 
point represents the common perpendicular of the axes; this line, l^ing horizontal, will be seen in 
its trae length E' A' in the top view above, where A’ represents the vertical and C D' the inclined 
axis. The lines n n, m m are now drawn parallel to ^ and C 2), at distances from them which 
are to each other in the inverse ratio of the given angular velocities; these intersect at P, and P E 
win here, as in the case of bevel-wheels, represent in this view the common element of the pitch- 
surfaces, which will also be parallel to the paper. Through any point of this line, as Gy another 
line FHan be drawn perpendicular to it, and so as to cut both the axes. Its vertical projection 
FPwill be perpendicular to G Ey because the latter is parallel to the paper; in the horizontal pro- 
jectioi^ Fy being a point in the vertical axis, will appear as A'y and H will appear as P' in C 
thus giving vl' If as the horizontal projection of FU, Now project G to G\ draw G' /' parallel 
to C B y and it will be the horizontal projection of G E. This line lies in a plane parallel to both 
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ties, and intersects at /', their common perpendicular, dividing it into segments proportional to 
-4 &y O' H’y and therefore \jo F Gy G H: by revolving around A B \i will generate one surface, 
ind by revolving around C Dii will generate another, tangent to the first, which will be the pitch- 
iorfaoes of the wheels. 
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These surfaces are readily constructed, as in Fig. 2120, where the inclined line A B reyolves about 
the vertical axis, its least distance from which is C E. Each point in revolving describes a horizon¬ 
tal circle, whose radius is seen in its true length in the top view. It will be seen that the same sur¬ 
face will be generated by a line seen as i) i'* in the front view, and as in the top view; for D 
and A describe the same circle; so also do G and I; and the same is true of any two points in 
these lines which lie in the same horizontal plane. 

The two surfaces generated by the line G E ot Fig. 2119 are shown in position in Fig. 2121; the 
generatrix being prolonged to Z, so that the end planes are equidistant from the gorge-eirdt*^ as the 
transverse sections through E are called. These surfaces are called hyperboloids of revolution, as 
it can be shown that the meridian section of each (as HKL of Fig. 2120) is a hyperbola. Their 
action consists of rolling, with however a sliding in the direction of the common element, because 
the two circles which move in contact have not a common tangent. To make this clear, the gorge- 
circles of the two pitch-surfaces are shown in Fig. 2119, in dotted lines, in the top view; their 
common point is T ; and if the inclined one turn, it will cause the vertical surface to rotate, the 
directional relation being shown by the arrows. In the other view the common point of these two 
circles is Z/ and at the instant the linear velocity of the inclined circumference may be represented 
by E My a tangent to it, of any length; at the same instant that of the other gorge-drcle must be 
also represented by its tangent EN, The length of the latter is determined % the consideration 
that no motion in the direction E G would transmit rotation, which is effected solely by the com¬ 
ponent E O oi the supposed motion E My which is perpendicular \jq E Gy O M being the tangential 
or sliding component ; and the resultant EN must have the same normal component. Vow the 
angular velocities will be equal to the linear velocities E My ENy divided by the radii V E\r A : 


and recollecting that 
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V = angular velocity about inclined axis C 2), 
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which demonstrates the correctness of the process of constructing the surfaces, as previously described. 

In practice thin sections or frusta only of the surfaces are used. In Fig. 2122 are shown three 
pairs, either or all of which may be used, the hyperboloids being the same as in Fig. 2121. The 
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gorge-circles are the mid-planes of the central pair; but practically the wheels will work better the 
farther they arc from the gorge-planes, as the traivsverw ohliquUy of the common element diminishes 
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ts it recedes from them. For the least distance between the axes is a constant, and at an infinite 
distance from their common perpendicular the effect of their separation becomes imperceptible, so 
that the wheels will not differ appreciably from common bcTel-wheels. 

These wheels are now to be furnished with teeth; and the proper surfaces are generated in a 
inaoner exactly analogous to that employed in the cases of spur and bevel gearing. That is to say, 
a describing hyperboloid is used, which, moving in contact with both pitch-surfaces, will sweep out, 
as the rotation progresses, a flank for one and a face for the other. If in Fig. 2121 we suppose the 
indined hyperboloid to be the pitch-surface of a wheel intended to work with another equal and 
similar to itself, then the vertical one may be considered as the describing surface, which by rolling 
npon the other in external contact, as there shown, will generate the face-surface for its tooth. But 
if we consider these, as we have hitherto done, to be the pitch-surfaces, from which it is required to 
construct the teeth for either of the pairs of wheels shown in Fig. 2122, then the first step is to de¬ 
termine the describing hyperboloid ; and for convenience, this should be such as to roll with either 
pitch-surface with a velocity ratio expressible in whole numbers. Now, referring to Fig. 2121, the 
angular velocity of the inclined hyperboloid is to that of the vertical one 0 8 \s to O R, Sup¬ 
posing then that, the vertical one and the velocity ratio being given, it had been required to find the 
inclined one, we should have proceeded thus: Knowing Q 8 and the velocity ratio, we find the value 
ot 8 Jt, with which as radius describe about G the arc o o, and through E draw CD tangent to this 
arc, thus determining the vertical projection of the requir^ axis. Through G draw F G perpendic¬ 
ular to EG^ cutting A B \n F and C Dia H, The horizontal projection of G Ei^ G' / , and that 
of F is A\ as before explained, so that the horizontal projection of F G\s A' G’; produce this 
indefinitely, project if up to it in through which point draw C' D' parallel to (?'/', and it will 
be the horizont^ projection of the required axis. If In this way we draw the new or describing 
hyperboloid externally tangent to the vertical pitch-surface, it will be internally tangent to the other, 
and vice versa. In the case of external tangency the axes are on opposite sides of the common ele¬ 
ment; but the case of internal tangency, in which they are on the same side, may be directly con¬ 
structed as in Fig. 2123; which differs from Fig. 2119 only in this, that the other tangent through 
F to the same cu^e o o is taken for the vertical projection of the required axis. 

2124 . 
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Having in this manner drawn the describing hyperboloid, we have next to find, by means of it, the 
tooth-surfaces. The principle of the method of doing this is illustrated in Fig. 2124. The pitch- 
niriace is the one with the vertical axis; the large circle in the top view is the upper base, and the 
elKpee within it is the intersection of the inclined describing hyperboloid by the plane of that base. 
Were the describing surface to rotate while the other 8to<^ still, the describing line (which in this 
case is the element of tangency, A' B) would always pierce the plane in some point of that ellipse. 
But both hyperboloids turn, and the velocity ratio is known; let then the smaller one rotate till the 
<lf3cribing line, whose point of penetration at starting is A^ pierces the plane in the point 1. The 
pitch-surface will meantime have turned through the known angle A Cl\ and the curve 1-1' will 
have been traced on the plane of the base. So when the point of penetration reaches 2, the radius 
C A will be at C 2', and the curve 2-2' will have been traced, and so on. It is to be noted that if 
the rotation be in the opposite direction, the curve will be different; showing that the two flanks of 
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the same tooth arc not alike, as thcj may be and usually are in spur and in bevel gearing. By a 
process exactly similar we may determine the trace of the tooth-surface outside the pitch-hyper¬ 
boloid, upon the same plane, using a desenbing hyperboloid externally instead of internally tangent; 
and it will be found that the difference between the two faca of the same tooth is still more marked 
than in the case of the flanks. These tooth-surfaces are composed of right lines, and, as in bevel- 
gearing, the teeth become larger as they are extended in length; but they do not converge to a point, 
nor yet are all the elements in the end view of the wheel tangent to the gorge-circle, nor to any other 
circle, as sometimes stated: the tooth-surface makes a definite trace on the gorge-plane, which 
ought to be determined for the sake of insuring accuracy in the drawing, if, as is most frequently 
the case, the frusta employed are at some distance from that plane, like either of the outer pairs in 
Fig. 2122. If the central pair be chosen, it will suffice to determine the traee of the tooth-surfaces 
on each of the end planes of the frusta; and the curvature of the meridian section being greatest at 
the vertex of the hyperbola, it should be carefully constructed and followed. 

But if the frusta be remote from the gorge-plane, the teeth will project from a frustum limited 
by transverse pianos, in a very unsightly manner. The fashioning of the wheel in that case is illus¬ 
trated in Fig. 2125. Let A Bh^ the axis, E D the generatrix, of the hyperboloid, of which EF is 
the radius of the gorge, and FG bl part of the meridian section; and let H G^ K1 he the planes 
limiting the frustum chosen. The curvature of the hyperbola diminishes so rapidly as it recedes from 
the vertex, that in many cases the arc GI will not differ sensibly from a right line. If then at P, 
the middle point of G /, we draw a tangent to the curve, chtting A Bin C7, it will in revolving de¬ 
scribe a cone G C H tangent to and practically identical with the pitch-surface within the assigned 
limits. The tangent may be drawn in this way: ESis the companion generatrix (see Fig. 2120), 
and like £*2) is an asymptote to the hyperbola. Draw through P a paraUel to ED^ cutting ESin 
L; on E S make L M = E Z, and P M will be the tangent required. Draw G Ry I V perpendicular 
to PM; these will be the elements of two normal cones, by which the wheel is limited, as in the 
case of an ordinary bevel-whecL In this case the intersection of the describing hyperboloid with 
the outer normal cone should be first found, and from that, by a process analogous to those of Figs. 
2114 and 2124, the tooth-outline on that cone is determined; and by a similar proceeding, that on 
the inner normal cone. The parts of the elements of the teeth intercepted between these two cones 
are so short that, as before remarked, it will be advisable also to construct the trace of the tooth- 
surface on the gorge-plane for the purpose of accurately fixing the positions of these elements. The 
process of completing the drawings of the wheel, after the outline of a tooth on each normal cone 
has been found, is substantially the same as in the case of bevel-wheels. Every point in either out¬ 
line moves in a circle around the axis; these circles are seen as such in an end view, and as right lines 
in the side view, of the wheel. The tooth is therefore first drawn in the end view, the others are 
copied in position, and the points in the various circles thence projected to their corresponding lines 
in the side view. 

Now, in Fig. 2125, it will be observed that the blank for the wheel, a portion of which is shown in 
outline on the left, is composed of two parts. One of these is a part of the normal cone G R Hy 

the generatrix R H being extended to O, 
the limit of the projecting part or face of 
the tooth. The other is a portion of a cone 
whose vertex is not (7, that of the pitch- 
cone, as in the case of a bevel-wheel, but 
another point Ny determined as follows: 
When the length of the face of the tooth 
has been decided on, the describing line 
will have a known position with relation to 
the axis of the pitch-surface; and by re- 
volring around the latter, it will generate 
another hyperboloid. The meridian sec¬ 
tion of tWs being constructed, a definite 
arc of that hyperbola will be intercepted be¬ 
tween R O and V IF, which like G I will be 
very nearly straight. Bisect this arc, and 
at its middle point draw the tangent O Ky 
which will generate the cone required. 
This is necessary, in order that the teeth 
may begin and end contact all along an 
element: if it be not done, the result may 
be that they will begin and end contact at 
a single point, which, sustaining all the 
pressure, will he rapidly abraded. 

In regard to the division of the pitch- 
circles, the state of things at first sight ap¬ 
pears quite contradictory. The ratio of 
the radii of those circles which move in 
contact is not the same as the velocity ratio; 
nor, again, is the ratio between the radii of 
any two pidrs of circles the same. Tet 
it is evident that, because the velocity ratio is constant, the circles must be divided into numbers of 
parts having the inverse ratio of the angular velocities, and such points of subdivision will come into 
contact. Ordinarily, as shown in Fig. 2122, two pairs of these wheels may be used on the same 
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shifts, equidistant from the gorge-planes. But this is not always possible: for example, in Fig. 2126 
we have two tangent hyperboloids, so situated that the projections of the axes on a plane parallel to 
both intersect at right angles. This case presents the remarkable feature that the two pitch-surfaces 
ire tangent to each other along two right lines, mn,rs. Now from these surfaces we may cut the 
frusta J, B, Fig. 2127, tangent along mn; and at the same time we can make use of the smaller 
pair, C, />, also tangent along mn; the arrows indicating the relative directions of the rotations. 
Or, as in Fig. 2128, we may use frusta 
which are tangent along the other genera- 
bii, Ts; and A still turning in the same 
direction, B will turn in the opposite direc¬ 
tion. 

As with bevel-wheels, then, we may choose 
IS to the directional relation; but evident¬ 
ly we cannot use, as in Fig. 2122, a double 
pair symmetrically situated in reference to 
the gorge-planes. It will practically be im¬ 
possible to do this, even before reaching 
this condition of doable tangency; for the 
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more nearly we approach it, the nearer will the companion generatrices, and therefore the surfaces, 
be to each other at any given distance from the element of tangency. Consequently the teeth will 
interfere with each other unless one pair be made smaller than the other, even when the axes do not 
have exactly the relative positions here supposed; but the smaller and more numerous the teeth, the 
more nearly may this limit be approached. From this consideration it follows, moreover, that the 
use of the central pair of wheels shown in Fig. 2122 will not always be possible, since they are in 
fact a double pair of frosta, the gorge-circle in each hyperboloid being the common base of the pair 
cut from it. Nevertheless, two wheels may be constructed, and furnished with teeth which will work 
together correctly, without interference, the blanks being disks whose mid-planes are the gorge-circles 
of Fig. 2126. And these wheels are so similar in appearance to that which would be presented by 
one of the class now under consideration, if furnished with teeth in the direction of one of the gen¬ 
eratrices, that it has been stated that they belong to this class. This, however, is not the case, as 
may be more clearly seen from the fact that, if the central frusta can be used at all, there is no limit 
to their thickness, or properly speaking their length, as measured on the axes ; the absurdity of which 
b evident from a glance at fig. 2126. The wheels mentioned really belong to the next class of gear¬ 
ing: the teeth are composed of helical instead of rectilinear elements, and are constructed upon 
principles and in a manner totally different from the foregoing. 

ScREW-G EARING. 

If the nut of a common screw be split lengthwise through the axis, the form of the section will 
be that of a rack fitting between the threads of the screw; and if the latter be turned, the rack will 
be driven endlong, as though it were a complete nut. If the rack is of sensible thickness, its teeth 
may be just such as would be obtained by splitting out of the nut a piece of the assumed thickness. 
The outline of the screw-thread is of no consequence; every point in it describes a helix, and since 
thb b equally true of the nut, the male and female screws arc superficially identical, and there is 
ibeolute contact over so much of the surfaces as we choose to employ. Now the rectilinear motion 
of the rack may be regarded as a rotation about an infinitely remote centre. If this centre be 
brought nearer, the rectilinear path of any point will become a circle of sensible curvature. Let us 
then first consider this as the pitch-circle of a Spur-wheel, and construct a rack which shall gear with 
H. Then let us make the rack-tooth the outline of n screw-thread, the axis lying in the plane of the 
pitch-drcle. If the screw thus formed be rotated, it will drive the wheel exactly as if the rack were 
moved endlong; because all the meridian sections of the screw are alike, and by construction the 
rtek-tooth advances in the direction of the axis at a rate proportional to its angular velocity. 

This is illustrated in Fig. 2129, by consideration of which it will be seen that the distance of the 
uit of the screw from the pitch-line of the rack is arbitrary; that is to say, the diametdk* of the 
screw may be varied without affecting the velocity ratio, which depends upon its pitch. This in the 
is the same as that of the teeth of the rack, forming a single-threaded screw, one turn of 
mch rotates the wheel through an angle measured by the pitch of its teeth; and the screw may be 
right- or left-handed, according to the directional relation desired. We may double the pitch, form¬ 
ing a two-threaded screw and doubling the angular velocity of the wheel; and so we may increase 
file pitdi and the number of threads to any desired extent, observing that the pitch of the screw 
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must be a whole number of times that of the wheel-teeth, and its diameter such as to avoid too great 
obliquity of action. 

We have thus far supposed the wheel to be merely a thin sheet, or plane. In giving this sensible 
thickness, the elements of the teeth cannot be made parallel to the axis, as in a spur-wheel, but must 
have an inclination or rather twist, depending on the obliquity of the threads of the screw. One 
mode of determining this is as follows : Obviously the pitch-surface of the wheel is a cylinder, and 
that of the screw is another, generated by the revolution of the pitch-line of the rack about its axis; 
and the two are tangent at a point. If now the helix on the latter be developed on the common 
tangent plane, and then wrapped upon the pitch-cylinder of the wheel, it will b^me another helix. 
If the outline of the wheel-tooth be moved along this helix, parallel to itself, we shall have a twisted 
tooth-surface, precisely like that of Hooke’s gearing. It will work correctly with the screw, to whose 
surface it is tangent at a point only. If the number of threads of the screw, and also its diameter, 
be sufficiently increased, it may be made to have the appearance of another wheel; and if the diame¬ 
ters of the wheel and screw in this way be made equal, they will so closely resemble each other that 
this combination has been called a modification of Hooke’s gearing. Erroneously, however; for not 
only are the axes here in different planes, not only may the velocity ratio be varied without changing 
the diameter of either pitch-circle, but the absolute forms of the teeth of the two wheels are differ¬ 
ent, and must be, in order to transmit the rotation with a perfectly constant velocity ratio by the 
screw-like action, which in this case is the effective means. For instance, the wheel shown in Figs. 
2129 and 2131 has teeth of the involute form, the meridian section of the screw being therefore a 
rack with sloping teeth, and the screw itself a true oblique helicoid; and such a helicoid it will 
always be, whatever the diameter or number of threads: the outlines of these threads or teeth in 
all its transverse sections will consequently be Archimedean spirals, and not involutes. Wliile there¬ 
fore it may be that two wheels of Hooke’s form, both having involute teeth, will work together by 



the screw-like action if placed in gear with the axes in different planes, the fact remains that the 
velocity ratio will not be truly constant. In all screw-gearing proper, it must be kept in mind, the 
screw or worm, whatever its size or the number of its treads, is a rack^ which virtually advances by 
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rotation, and must be capable of driving the wheel with a constant velocity ratio if it be bodily moved 
endlong. 

Bat, though the velocity ratio is dependent npon the number of threads given to the screw, and not 
upon its diameter, yet it is clear that for any given pair of axes and velocity ratio there must be some 
definite ratio between the diameters of the screw and the wheel, involving less sliding than any 
other; and this may be found as follows: In Fig. 2130, CA B are the axes, A' E their common 
perpendicular. We first proceed exactly as in Fig. 2119 to find the line seen in the front view as 
F in the top view as /' G\ This line would, by revolving around the axes, generate two hyperbo¬ 
loids, which would work together with the given velocity ratio, with no sliding other than that in the 
direction of the common element. The ra& of the gorge-circles would be A Fy F E: taking these 
gorge-drcles as the bases of the pitch-cylinders, wo have the required proportions for the dii^eters 
of the proposed screw and wheel For if the supposed hyperboloids were given angular velocities 
haring any other than the assumed ratio, there would obviously be a certain amount of sliding be- 
tweoi the surfaces, in addition to that in the direction of the common element; and these cylinders 
bring tangent to those hyperboloids at the gorge-circles, the same is true of them. Furthermore, 
F & in the front view is the development, upon the common tangent plane of these cylinders, of the 
elementary tooth, or helix, upon each surface; and it will be observed that the helices formed by 
wrapping it upon the cylinders are both right-handed, the consequent directional relation of the rota- 
ti<ms bc^ indicated by the arrows. By making both helices left-handed, this relation will be 
reversed; and this again, it will be seen, is consistent with the derivation of the cylinders from the 
hyperboloids, since, as has been shown, under the conditions here assumed the latter will be tangent 
along the companion generatrix X Z, which being wrapped upon the cylinders will give us the left- 
handed helical element, so that the directional relation is optional. 

As above stated, the tooth-surface of a wheel, all of whose transverse sections are alike, will be 
tangent to the surface of the screw at only one point; so that, though strength is secured by giving 
the wheel definite thickness, yet the action is confined to the single plane passing through the axis of 
the screw. But U-M-emdady instead of mere point^contact, can be secured between the thread of the 
screw and the wheel-tooth, by constructing the latter as shown in Fig. 2131. The meridian section 
of the screw is determined as before, that is, by making it a rack, to gear with a wheel whose diame¬ 
ter is that of the pitch-circle given, as shown on the left; the rack-tooth being straight and sloping, 
the wheel-teeth are involutes in this section, which is the one made by the plane A B. From this 
the screw being constructed, let it be cut by any other plane, as L 0, parallel U> A B. This section 
is of the form shown on the right, in the side view of the screw; and it may be considered as a 
rack-tooth also. It was shown in treating of spurgearing that, in the case of two wheels, if the 
toodi-outUne of one be given the other may be found ; and by an analpgous process we can ascertain 
the form of the wheel-tooth which shall work correctly with this section of the screw as a rack-tooth. 
Any number of other parallel planes may be passed, each giving a different rack-tooth and therefore 
requiring a different form to be given to the wheel-tooth. We have, then, a wheel whose transverse 
sectioDs are not alike, but vary with their distance from the axis of the screw. Each one, however, 
baring its own point of contact with the screw-surface, the result is a line of contact between the 
screw-thread and the wheel-tooth, which line will partake more or less of the helical form. It is 
usual to complete the shaping of the wheel-blank by turning off its comers, as the sharp project¬ 
ing points of the teeth would be weak and comparatively useless; so that it is in effect terminated 
by cones, as the one whose element is C F in the figure. In making the drawing, it will be seen 
that any of the parallel planes used in the construction, as B Sy cuts the cone, if at all, in a circle; 
and when the wheel-tooth to work with the corresponding rack-tooth cut from the screw by the same 
plane has been drawn, its outlines will cut this circle in points of the visible contour of the tooth. 
In like manner all other points in that contour may be found, since every transverse section of the 
vbeel-blank is circular, whether it be beyond the li^t of that conical frustum or not, as for instance 
that by the plane L O, 

The accurate delineation of such a wheel is undeniably tedious; but the making of the wheel 
Hsrif is accomplished in a very simple way. A steel screw is first formed, and made into a cutter 
bj providing it with proper notches; it is then set to cut the blank, the spaces between the teeth of 
are fist “ roughed out ” with an ordinary cutter. It will be seen that when the cutting is 
finished, the result cannot be other than the wheel above described. For the cutter, being of the 
fonn of the screw, must drive the blank correctly; it must cut away enough metal to pass, and, as it 
cannot cat outside of itself, it can remove no more. Every section of the screw by a plane parallel to 
snd at a given distance from the axis is the same; consequently in every plane of the wheel paral¬ 
lel to A i? there must by this operation be formed a wheel-tooth which gears correctly with the sec¬ 
tion of the screw by that plane, considered as a rack-tooth advancing by rotation. In practice, it is 
necessary to take more than one cut, and after each cut to put the axes of the wheel and cutter 
nearer to each other. The outlines of the elementary rack-teeth and the corresponding wheel-teeth, 
tb(!^ should be such that this change in the position of the axes does not affect the velocity ratio; 
vhich requires that, as we have shown them, the former should be straight and sloping, the latter of 
the involute form. And there is this further practical advantage in this fact, that the cutter and the 
finished screw are more easily made in this way than in any other, being simply oblique helicoids, or 
V-threaded screws. 

Obuqub Screw-Geariho.—^T hus far the axis of the screw has been supposed to lie in a plane 
perpendicular to that of the wheel But, though this is the case most frequently met with, it is not 
nt all essentia] that the axes should be thus situated; that of the screw may cross the plane of rota- 
tkm of the wheel obliquely. As a preliminary to the construction of the teeth under that condition, 
H is to be noted that, though a rack usually moves in the plane of rotation of its wheel, it need not 

so. It is clear that a rack may be mov^ in a direction parallel to the axis of the wheel, as well 
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as at right angles to it; and if it receive both motions at once, the rack will travel obliquely across 
the plane of the wheel, still working with a constant velocity ratio, as will be seen by a glance at 
Fig. 2132. Now a screw, in order to gear obliquely with a wheel, must act in a manner analogous 
to that of the rack, as is shown in Fig. 2138. AB\& the axis of the sci-ew, CD that of the wheel. 
In the top view we have shown simply the pitch-cylinders, with an elemental^ helix upon that of the 
screw. Let us now suppose a thre^ to be formed upon it, and cut at its lowest points, a, a\ by 
planes perpendicular to the axis of the wheel. These sections will be similar; and in ^vancing 
from the position a to the position a\ it is clear that, in order to maintain a constant velocity ratio, 
this section of the thread must always be acting against a section of the wheel by a plane perpendic¬ 
ular to its axis; and all these sections must be alike, as shown at c, and of such form as to work 
with a considered as a rack-tooth; for it makes no diffei'ence whether a be moved to a! by bodily 
pushing the screw in the direction of its axis or by turning it. 

In practically laying out the teeth and thread, it will be found most convenient to draw the pitch- 
cylinders as in Fig. 2134, the elementary helix being shown as passing through their point of contact 
P, Then we may assume the form of the section of the screw-thread by L i/, the mid-plane of the 
wheel, thus forming our rack-tooth a 6, and determine the outline of the wheel-tooth. The position 
of every point in the outline of the rack-tooth with respect to the axis of the screw being known, 
the helices described by these points may be drawn and the meridian section of the screw ascertained. 
In the figure it will be observed that the sides of the rack-tooth are straight and sloping, the teeth 
of the wheel being therefore involutes. But the two sides of the rack-tooth are not similarly situa¬ 
ted in relation to the axis, and in consequence the meridian outline of the screw-thread will not be 
symmetrical, nor will it be bounded by right lines. Nevertheless, since its acting sections possess the 
property, before mentioned, of admitting a change in the distance between the axes without affecting 
the velocity ratio, it is necessary that the screw should be formed as above explained if it is re¬ 
quired to cut its own wheel with absolute precision. The determination of its form involves some 
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labor; but a converse difficulty of equal if not greater magnitude is encountered if we reverse the 
process: for if the meridian section of the screw be assumed, we have to determine the form of a 
wheel-tooth which shall work with an oblique section of the thread as a rack-tooth; and tlm also 
will result in a non-symmetrical outline, the fronts and backs of the tooth being different, if the 
screw-thread be symmetrical in the first place. The wheel, then, having all its transverse sections 
alike, is similar to one of those used in Hooke’s gearing, its teeth having a twist dependent on the 
obliquity of the screw. And in relation to this, it will be noted that the pitch of the screw is not, 
as in the case at first considered, cither equal to or necessarily an exact multiple of that of the wheel- 
teeth. 

The elementary helices on the two pitch-cylinders must evidently coincide when developed on the 
common tangent plane; and the mode of determining the pitch of the screw, and also that of the 
wheel-helix, when the pitch of the wheel-teeth is given, is shown in Fig. 2186. A B\% the axis of 
the screw, CD that of the wheel, P the point of contact of the pitch-surfaces, and L M the plane 
of rotation of the wheel, all as in Fig. 2134, both axes and the common tangent plane being parallel 
to the paper. Let P Eht the developed pitch of the wheel-teeth; then make P if, perpendicular to 
A By equal to the circumference of the pitch-cylinder of the screw; draw K Ey produce it to cut A B 
in Gy and P G is the pitch; the screw then is single-threaded, one rotation advancing the w heel 
through an angle measured by its pitch. If it be desired to make the screw two-threaded, and thus 
to double the angular velocity of the wheel, it will not do to double the pitch thus found, as in the 
case of the ordinaiy worm and wheel: we must set off PP equal to twice the developed pitch of 
the wheel-teeth, draw ATP, and produce it to cut P in P, giving PPas the pitch of the screw ; 
and so on if any other angular velocity is to be given to the wheel. Tlie lines corresponding to P P, 
(? Pare drawn in Fig. 2133, which will make the application of this construction clear; a line P O, 
drawn through P parallel to P, as shown also in Fig. 2134, is evidently the development and com¬ 
mon tangent of the elementary helices on both pitch-cylinders which pass through their point of 
contact* 

The construction explained in connection with Fig, 2130, in relation to the ordinary worm and 
wheel, is also true in the case of oblique screw-gearing. That is to say, if the axes and velocity ratio 
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be given, the screw and wheel which will work with the least sliding are determined by first construct¬ 
ing the rolling hyperboloids which satisfy the assigned conditions, and then taking as the pitch-sur- 
fsoes the cylinders tangent at their gorge-circles; the common clement of the hyperboloids being 
also taken as the development and common tangent of the elementary helices. Those hyperboloids 
in this ca.«e having but one line of tangency, the directional relation of the rotations is thereby fixed; 
the helix of the screw cannot be made right-handed or left-handed at option, as in Fig. 2130. 

Again, it was seen that when the axis of the screw lies in the plane of rotation of the wheel, both 
helices must be either right-handed or left-handed. But when it crosses that plane obliquely, it will 
be seen from Fig. 2136 that this is not always the case. A C being the same as in 

fig. 2135, let PP, PP, PTZ be respectively once, twice, and thrice the developed wheel-pitch; then 
FOyPH^PS are the pitches of a single-, a double-, and a treble-threaded screw. Kecollecting 
that OK^HK^ and 8 K touch the screw-cylinder on its lower side, it will be seen that all the screw- 
belio^ will be right-handed. But as these lines touch the wheel-cylinder on its upper side, it will 
also be seen that when SKv^ wrapped upon that cylinder it will form a right-handed helix, while 

A’will form a left-handed one. The proportions in tliis illustrative diagram are such that HKva 
parallel to C D ; it therefore will form no helix at all, but the wheel will be simply a common spur- 
wheel, the elements of the tooth-surfaces being parallel to the axis. 

From the mode of generation, it is clear that the action will be confined to the plane passing 
through the axis of the screw and the common perpendicular of the two axes, represented hj A S 
in Figs. 2133, 2134, and 2137, each section of the screw-thread by that plane, on the side wUch is 
m gear with the wheel, touching the tooth of the latter in a point whose distance from the pitch- 
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•orfaoes is determined by the construction of the rack and wheel in Fig. 2134. Consequently the 
greatest len^h of the screw, as in the ordinary worm and wheel, is determined by the distance 
through which the teeth of the elementary rack travel while actually in gear with those of the wheel. 
This being ascertained and set off as P Pon the axis A B, Fig. 2137, the screw-blank is terminated 
by planes through D and E perpendicular to A P, the outer cylinder being shown in full lines, and 
the inner one, or core of the screw, being dotted. 

The thickness of the wheel may be determined thus: Through D and E pass planes G I 
perpendicular to the axis; these may limit the teeth of the wheel at their tops, since any further 
extension in the direction of the axis would be useless. The wheel-blank need not be cylindrical, 
but may have the form shown, which is thus determined: The radius P obviously, will be the 
distance from the axis of the wheel to the outside of the core of the screw-blank, measured on the 
WMunon perpendicular, minus whatever may be allowed for clearance. The plane G D H cuts that 
core in an ellipse, of which a part is shown in section in the front view, where A' B is the axis of 
the screw, C that of the wheel, whose section by this plane is the circle P' AT, which must evidently 
cl^r the elliptical section. And by a like proceeding with other transverse planes, we may deter¬ 
mine as many points as are necessary in the curve G FI^ which practically may be made a circular 
arc. Drawing at G and / lines normal to this curve, the wheel-blank is terminated, as in Fig. 2137, 
by short conical frusta. The tooth-surfaces are, of course, not affected by this departure from the 
cylindrical outline, their transverse sections remaining the same; the depths of the teeth, merely, 
iicrease as they recede from the mid-plane L M, 
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Oblique Screw and Rack. —Let Fig. 2188, be a common V-threaded screw, whose axis is par¬ 

allel to the paper. If we suppose this screw to be moved, without rotating, in a direction perpen¬ 
dicular to the paper, through some plastic materia), the result would be the formation of a rack, 
whose teeth are composed of parallel elements, which touch the screw at points of its visible con¬ 
tour. If the screw now remain stationary, but free to rotate, we can move the rack perpendicularly 
to the paper without turning the screw, or it may be driven endlong by the rotation of the screw, or 
it may receive both motions at once. In the latter case the resultant is an oblique travel of the rack 
across the plane of rotation, as in Fig. 2132; and the degree of obliquity is entirely arbitraiy, so long 
as it is not so great as to prevent the screw from driving the rack. We have taken the Y-threaded 
screw, and supposed the rack-tecth to be perpendicular to the papery only for the sake of simplicity 
in illustration. Evidently the same may be done with a screw of any reasonable meridian section, 
and in all cases there is a line of contact between each thread of the screw and its rack-tooth. 

But again, the screw need not be moved in the direction above supposed in generating the rack, 
nor is it the best direction. This will be seen from Fig. 2189, in which A is the outer cylinder or 
blank of the screw, upon which the helix is shown; B is that plane section of the rack which is 
parallel to the elements of its own teeth and tangent to the cylinder A. Now let us suppose that 
the rack is to be driven by the screw as indicated by the arrows. Then, if the screw be formed into 
a cutter, the spaces in the rack being **roughed out** as usual, it is clear that the rack will be driven 
by the cutter as it works, and in one revolution it will be driven just far enough for the cutter to 
clear itself. In doing this, it is also clear that the helix shown, its point of contact advancing in one 
turn from Pio must, in order to remove the least metal, trace upon the plane B a line which will 
be always tangent to the helix. Draw, then, PK perpendicular to (72) and equal to the circumfer¬ 
ence of the cylinder, and Q K will be the direction of the teeth of the rack, which latter will travel 
through the distance P E at each revolution of the screw. The form then of the rack-teeth will be 
determined by simply making a drawing of the screw as seen from the direction K G, the outlines 
of their normal sections being those of the visible spaces between the adjacent threads, and all the 
elements necessarily parallel to G E, If the size of the screw-blank, and the pitch PE of the rack 
in the direction of its travel, be given, we may by a converse operation determine the pitch of the 
screw. Drawing PK as before, set off PE; then draw KE and produce it to cut C Dm G, thus 
giving P (?, the required pitch. 

Face-Gearing. 

This form of gearing was formerly much used in wooden mill-work, but is now seldom met with 
in heavy machinery, bevel-gearing being used instead. The latter has the advantage that the teeth 
are in contact along a line, thus distributing the pressure and the wear over a considerable surface 
during the action; whereas in the former the teeth touch each other in a single point only, so that 
during the whole action the wear is confined to a mere line joining the successive points of tangency. 
Tet in light mechanism the facility of forming the teeth in the lathe may make it desirable to employ 
this form of gearing. The name is derived from the fact that the turned pins forming the teeth are 
often set in the faces of circular disks, as in Fig. 2140. In this case the teeth are cylindrical pins, 
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and the two wheels are exactly alike in 
every particular. The axes are not in the 
same plane, but situated like those of the 
common worm and wheel; that is to say, 
their projections upon a plane parallel to 
both intersect at right angles, and the length 
of their common perpendicular is equal to 
the diameter of the pins. Under these cir¬ 
cumstances it is clear that the angle DOE will always be equal to the 
angle IG long as the pin E of the wheel A is in contact with the 
pin H of the wheel B. The velocity ratio is therefore perfectly constant. 

It will be noted that, the arrows indicating the directions of the rotations, 
the length of the pin E must be such that the next pin F of the other 
wheel B shall not catch upon its end in going into gear. And it will also be seen that, although 
at the instant of coming into contact with the next pin O of the driver A^ the pin F may also touch 
the pin E on the back, it cannot continue to do so. That is to say, it is not possible even theoret¬ 
ically to secure entire freedom from backlash. 
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The maximum length of one pin having been determined, it is of course the same for all; and it 
is next to be observed, that if the number be increased, this length roust be diminished; also, that in 
erery case there will be a limit beyond which the number cannot be increased without also diminish¬ 
ing the diameter, and in consequence the distance between the axes. It therefore follows that ulti¬ 
mately the axes will intersect at right angles, and the pins will become consecutive points in the cir- 
comferenoes of two equal circles rolling together like the bases of the pitch-cones of a pair of 
mitre-wheels. In other words, as stated in the synopsis at the beginning of this article, there are no 
pitch mf/oeet, these degenerating into /tnc«, and the elementary teeth into points. But if we suppose 
the axes to intersect at right angles, cylindrical pins may yet be used on one wheel, and a constant 
Telocity ratio maintained by making the teeth of the other in the form of surfaces of revolution, if 
the meridian outline of the latter be correctly determined. The manner in which this outline is to 
be ascertained will be understood by the aid of Fig. 2141, where the two wheels, A and B, are of 
the same diameter. Let a be a pin of no sensible diameter in the wheel A, and c another in the 
wheel B, the distance a e between them being arbitrary. Let the wheels now turn as shown by the 
arrows, with a constant velocity ratio; then, when a reaches c, e will have gone to the arcs a e 
and being equal. The distance between the pins in the two wheels is now changed ; eff is greater 
than a c, and it is also lower, that is, nearer to the face of B, The relative positions of the pins may 
in a similar manner be obtained in any number of intermediate positions; and it vrill be seen that if 
the vertical line e be taken as the axis of a surface of revolution, the radii of whose sections are the 
perpendiculars from a upon e in those intermediate positions, we shall have the form of a pin or 
tooth for Bf such that it will be driven by a pin in A^ of no sensible diameter, from c to ^ with a 
constant velocity ratio. If we now suppose a to move from eto b, this tooth will be driven from 
to d; and by repeating the above process we may find the meridian outline required to maintain a 
constant velocity ratio daring that part of the action. 

This process is illustrated more fully in Fig. 2142, in which only the pitch-circles arc shown, and 
for convenience these are made tangent at e. When the pin a occupies the positions 1, 2, the axis 
c will be at 1', 2'; by the aid of which, as above explained, the outline a z is obtained, as that of a 
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It will be observed that, the points a, b being projected to a\ b' upon the circle B B^ which is 
equal to A A, we have the equal arcs a' c\ b' d\ subtending equal angles at the centre of B B^ the 
of the upper bases of the teeth on the left and right bands respectively being therefore equal 
toa'o, 6'/>. Now, in fig. 2143, let C be the centre of the circle BB^ and let a', c', and o corre- 
ipond to the points similarly lettered in Fig. 2142. Let e be a chord equal to a! c\ but nearer to 
Twtical line C T, to which c' 6, e 4 are parallel, and draw dg perpendicular to « 4. Then, in the 
triangles b a e\ hde^we have the angle at a' equal to the angle at cf, also d c' =d c, but the angle at 
A leM than the angle at b. Consequently d g is greater than a' o ; that is to say, referring to Fig. 
2142, the radius of the tooth will increase from a toward z, the maximum being reached when a' c* 
has the posirion t 4: in Fig. 2143, being then bisected by the plane of the axes. And in a similar 
m a n n e r it may be shown that during the receding action the radius of the tooth will diminish as it 
recedes from the plane of centres, or in other words from z toward b in Fig. 2142; as will be seen 
by comparing the triangles /m », r f v, in which lm = rt^ the angle at r is equal to the angle at f, 
bnt the angle eXpis less than the angle at u, whence / n is greater than r a. Now, in Fig. 2143, let 
d and r be equidistant from T: then in the triangles b a' e\ riu^ we have a' c' = r(/ also lur 
= M C T= a' hd. But ba'd, which is equal to Crf, is less than 90°, whence fru is greater 
than 90°. Therefore a o is greater than r a / and the same being true for other points equidistant 
from 7*, it follows than in 2142 all the radii of the tooth az, except the lowest one, are greater 
than those of the tooUi h a The consequence of this is that, since the teeth are to be turned in the 
lat^ the smaller outline must be selected; and in order to secure receding instead of approaching 
tedon, the cylindrical pins must be given to the driver, and those of the form above discussed to 
the follower. In giving sensible diameter to the former, a change is of course made in the elemen¬ 
ts form of the latter. A process is here pursued analogous to that employed in the case of the 
pin-wheels described in the section on spur-gearing; that is, a series of circular arcs are described 
whose centres are in the elementary outline h z, with the radius assumed as that of the pin; the 
ewe tangent to those arcs is the meridian outline of the actual tooth. 

63 
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But it is not necessary that the diameters of the pitch-circles shall be equal. In Fig. 2144, BB 
is the larger, the cylindrical pins being giren to -4 whose centre is C. The mode of constructing 
the curves a x, 5 2 is precisely the same as in Fig. 2142; and the lettering of the two figures being 
made as far as possible to correspond, it can be readily traced, the arcs ae^eh being respectively 
equal to the arcs c' y, g <f. The positions of the points a, c, 6, and the intermediate ones, on the 
circle A with relation to the assumed axis cc' in its progress to rfcT, are evidently precisely the 
same as those of the corresponding points on the equal circle A' A\ whose centre is i; the latter 
serving better to point out the peculiarities due to the change in the relative diameters of the pitch- 
circles A A and BB, These ^1 be clear by the aid of Fig. 2145, in which B is the centre of the 
circle BB^ C* that of the circle A* A\ the two being tangent at e. Let the arcs a o, a a' be equal, 
and of any length less than 90"* on either circle; and let er^ eh' be respectively equal to them, 
making a! mb'nr perpendicular to e C' D. Then, because the arcs eo^ea' are equal, the chord 
a! e is less than the chord 0 e, and a'm is less than o n. Therefore, drawing through a' a parallel to 
e C D, it will cut the arc 0 2 in some point e'. The linear velocities of the circumferences being 
equal, when a' has reached c, d will be found at eg being equal to o e' / and when a' reaches 6, 
c' will be at (f, r being also equal to o </. Draw through another parallel to e C/ 2), and pro¬ 
long a' h' to meet it in p. We then perceive that, whatever the lengths of the arcs eo, ea', the 
distance a'm is always less than a n, and the longer the arcs the greater this difference, which is 
equal to that between n r and m h'; and that as d always lies beyond r, h' p will always he greater 
than this difference. Now, if, as in Fig. 2144, we assume a' e' as the axis of a tooth of .BB', to work 
with a cylindrical pin at a in .4 A^ of no sensible diameter, that tooth will be pointed as shown, the 
curve a z being suited for the arc of approaching action a 2 , if A A drive as shown by the arrows. 


2144. 



9145. 



which are here made to correspond with Fie. 2142. The tooth b 2 , for the arc of receding action, 
has however at the point b a radius equal to o' p. Since, when the teeth are turned in the lathe, the 
smallest must be used, it follows that under these conditions the curve a z must be employed in 
determining the meridian outline of the working tooth, and that in order to secure receding instead 
of approaching action the cylindrical pins must be given to the follower. 

If the diameter of BB be increas^, its curvature will diminish, and at the limit will disappear, 
the circle becoming the tangent to .4 .4. The curves a z and b 2 will then evidently be equal and 
similar, each being the cycloid of which .4 .4 is the generating eircle; and we have the case of a 
rack driving a pin-wheel. There is in fact a close analogy between the form of gearing now under 
consideration and that already described as pin-wheel gearing; for if in face-gearing we suppose the 
axes to be parallel, the teeth will be turned pins placed radially in the convex surface of a cylinder, 
and their outlines precisely the same as those of a spur-wheel, the cylindrical pins being the same in 
both cases. 

When the cylindrical pins are given to the larger of two wheels whose axes meet at right angles, 
as in Fig. 2146, the case, as will be seen by comparing this diagram with Fig. 2144, is nearly the 
converse of the previous one. The rotations being still in the same direction, the pointed tooth ap¬ 
pears on the opposite side of the plane of the axes, and the cylindrical pins must drive, in order to 
secure receding action. It will be observed that, as the diameter of .4 ^ is increased, the shorter 
will the teeth of B B become for a given arc of a(^on; and this diameter cannot be indefinitely in¬ 
creased, since at the limit the axes of the cylindrical pins will lie in the plane of rotation of B B. 
Still the pin-rack may be made to work, by placing the pins perpendicular to that plane, and making 
the axes of the teeth of B B radial, the outlines being involutes of the pitch-circle; but in that 
case the wheel must drive, as already explained in treating of spur-gearing. 

A process similar to those above described may also be employed when the axes are situated as in 
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Figs. 2140 and 2141, althoogh the diametera of the wheels are unequal, and the forms of teeth for 
ooc isoertained whic^ will gear correctly with cylindrical pins on the other; and that even when the 
common perpendicular of the axes is greater than the diameter of the pins. But neither the dis¬ 
tance between the axes nor the difference between the diameters of the wheels can be varied, except 
whiim quite narrow limits, when the axes thus lie in different planes. 

It is not necessary, however, that the pins or teeth of gearing of this form should be inserted 
into plane sorfacea; of which the suggestion above made in regard to the pin-rack is an illustration. 


2146. 



iiiioe the radial teeth of the driving wheel would be fixed in the periphery of a cylinder. But it 
as shown in Fig. 2147, the axes intersect at any angle, we may proc^ as follows: Draw EK^ 
dividing the ai^e A ED according to the velocity ratio assi^^, precisely as in bevel-gearing. 
Supposing that cylindrical pins are to be given to the wheel with the vertical axis, draw through 
any point i^of EK a parallel to A Sie axis of such a pin ; also through J^draw F O per- 
pendienlar to A and produce it to meet the other axis CD in the point I: then Flio revolving 
around CD will generate the cone FIL, The 
teeth of the indined wheel are to be solids of revo¬ 
lution, whose axes will evidently be elements of 
this cone, and they may be fixed in the surface of 
another cone NM O, normal to FIL, A pin of 
the vertical wheel is shown at F in contact with 
roch a tooth, of which the form may be thus de- A 
termined: Rrst let the cylindrical pin be supposed 
of no sensible diameter; then, if the vertical wheel 
be turned throaigfa any angle, the inclined one will 
be driven thitm^ an angle which is known, since 
the dreumferendal velocities of the circles whose 
ndii ne F Of most be equal. Consequently, 
the relative positions of the axes of the cylindrical 
pin and of the required tooth may be determined 
it any phase of the action, and their common per- C 
P^ndicular found. Having repeated this process a 
BuiBeient number of times, these common perpen¬ 
diculars will evidently be the radii of the transverse sections of the required tooth to work with a 
pin of no sensible diameter, from which the meridian section may be constructed, and from it the 
outline of a working tooth derived in the usual manner by assigning any diameter at pleasure to the 
cylindrical pin. 

This arrangement may also be modified as in Fig. 2148, the cylindrical pins being fixed in the 
periphery of a cylinder, from which they project rad^y; the construction of the tooth of the other 
*heel being made exa^y as in the previous case. And it is hardly necessary to remark that in 
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either modification the cylindrical pins may be assigned to the conical wheel and teeth constructed 
for the other. 

And finaUy, the same principles and methods may be applied to the construction of what may be 
called bevel-face gearing, as shown in fig. 2149. In this case the action is exactly the same as that 
of two rolling cones, the axes of the teeth in one wheel being rectilinear elements of one, while the 
pins in the other project normally from the pitch-cone. C. W. MacC. 

GEARING, FRICTIONAL. As used in the lumbering regions in this country to transmit motion 
in wood-working machinery, frictional gearing usually consists of smooth-surfac^ wheels in contact, 
one pulley being made of iron, the other of wood or iron covered with wood. Where it is practica¬ 
ble, the wooden pulley drives the iron, wear of the former being thus saved. For driving heavy ma¬ 
chinery, the wooden drivers are put upon the engine-shaft, and each machine is driven by a separate 
countershaft. Two or more of these countershafts are usually driven by contact from the same 
wheel. For small machinery the friction-drivers are put upon a line-shaft so as to drive a small 
countershaft, whence power is taken by a belt. For the wo^en pulley, basswood, cottonwood, and 
even white pine, have given good results in driving light machinery. For heavy work, where from 
40 to 60 horse-power is transmitted by simple contact, soft maple is preferable. For very small pul¬ 
leys, leather and rubber may be employed. Paper pulleys have yielded excellent results. 

All large drivers, say from 4 to 10 feet in diameter and from 12 to 30 inches face, should have 
rims of soft maple 6 or 7 inches deep. These should be made up of plank to 2 inches thick, cut 
into ** cants ** one-sixth, one-eighth, or one-tenth of a circle, so as to place the grain of the wood as 
nearly as practicable in the direction of the circumference. The cants should be closely fitted, put 
together with white lead or glue, and strongly nailed and bolted. The wooden rim should be made 
up to within about 8 inches of the width of the finished pulley, and be mounted on one or two heavy 
iron “ spiders ** with 6 or 8 radial arms. For pulleys above 6 feet in diameter, there should be 8 
arms, and 2 spiders when the width of face is more than 18 inches. Upon the ends of the arms 
are flat ** pads,** which should be of just sufficient width to extend across the inner face of the 
wooden rim as described—that is, 3 inches less than the width of the finished pulley. These pads 
are gained into the inner side of the rim, the gains being cut largo enough to admit keys under and 
beside the pads. When the keys are well driven, strong lag-screws are put through the arm into 
the rim. This done, an additional round is put on each side of the rim to cover the bolt-heads and 
secure the keys from working out. The pulley is now put in its place on the shaft and keyed, the 
edges trued up, and the face turned off with the utmost exactness. For small drivers, the best 
construction is to make an iron pulley of about 8 inches less diameter and 3 inches less face than 
the pulley requited. Have 4 lugs about an inch square cast across the face of this pulley. Make a 
wooden rim 4 inches deep, with face equal to that of the iron pulley, and the inside diameter equal 
to the outer diameter of the iron. Drive the rim snugly on over the rim of the iron pulley, having 
cut gains to receive the lugs, together with a hard-wood key beside each. Now add a round of cants 
upon each side, with their inner diameter less than the first, so as to cover the iron rim. The wood 
should be thoroughly seasoned, and the fibre should be in a line with the work. 

As to the width of face required in friction-gearing: When the drivers are of maple, a width of 
face equal to that required for a good leather belt (single) to do the same work is sufficient. (See 
BixnNO.) The driver-pulleys are similar to belt-pulleys, but much heavier. The arm should be 

straight, and there should be two sets of arms if 
the pulley is above 16 inches. A good rule is to 
make the thickness of rim 2^ per cent, of the di¬ 
ameter. To secure accuracy, they should be fitted 
and turned upon the shaft and carefully balanced. 

Limited experiments in order to compare fric¬ 
tional gearing with belted pulleys have indicated 
that the traction of friction-wheels is greater than 
that of belted pulleys, and considerably more than 
is usually supposed to be obtained from belts 
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upon pulleys of either wood or iron; and that, 
while there is a marked falling off in the adhesion 
of the belt as the work increases, that of the fric¬ 
tion augments as the labor becomes greater. Also, 
that the difference in the pressure required just 
to do the work, and that necessary to do it with¬ 
out slip, advances in an increasing ratio with the 
work of the belt; but in the friction-pulley it is 
almost constant throughout the whole range of 
experiments. Details of these tests will be found 
in the papers from which this abridgment is made. 
jBfvei FHcHoficd Gearing .—In building this gearing, the iron cone or pulley is made similar to a 
bevel-pinion, except as to the teeth, instead of which there is a smoothly-turned face. In making 
the wooden driver, place a square across the smaller end of the finished iron pulley, and set a bevel 
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to it, as shown at (1) in Fig. 2160. This will give the correct bevel for the face of the driver. 
Next, upon any plane surface draw the lines A B and A making the length oi A B just equal to 
the larger diameter of the iron pulley, and the angle at ^ a right angle. Then with the square and 
bevel draw the lines B C and A B. The distance A C va the diameter required for the driver, and 
the other dimensions are easily obtained. 

To obtain the bevels for pulleys to work on shafts placed at acute angles, draw the lines as in (2), 
Fig. 2150. Let A B represent ^e driving-shaft. Make A C equal in len^h to one-half the diame¬ 
ter of the driving-pulley. Draw the line CD At the angle to which the shafts are to be set, and 
at a right angle to this line draw CB in length equal to half the diameter of the other pulley. 
From the point Ey parallel to CD, draw EFy which will represent the other shaft. From the point 
of intersection of this and the line A B draw the line O C, which will give the bevels for both pulleys. 

If not above 2| feet in diameter, the driver may be built on a hub-flange, a disk of iron of about 
two-thirds the diameter of the pulley with a hub projecting on one side. The hub should extend 
half an inch beyond the thickness of the wood to receive an annular disk of smaller diameter, 
through which the whole may be securely bolted together. Upon the flange around the hub the pul¬ 
ley sb^d be built. The first 2 or 3 inches to form the back should be of hard wood put on radially. 
For the remainder, use soft maple. When the wood is built up to sufficient thickness, the other 
flange should be put on, and the whole bolted together and turned to the exact diameter and bevel 
required. For a large bevel-driver it is best to use an iron centre with arms, and a flanged rim some¬ 
thing like that of a car-whcel. The diameter of the rim or cylinder should be a few inches less than 
the smaller diameter of the pulley, and that of the flange something less than the larger diameter. 
Cpon this wheel the wooden rim is built, as directed, upon the hub-flange, except that tbe bolts must 
be pot in as the work progresses, so that subsequent layers will cover the heads; and the pulley is 
finished without the snialler flange. Fig. 2151 shows a cross-section of this pulley. 

The foregoing is abridged from papers on “ Frictional Gearing,** by £. S. Wicklin, in the SeietUific 
Americany vol. xxvi., 227, el eeq. 

Grooved Frictional Gearing. —Robertson*s grooved-surface frictional gearing consists of wheels or 
pulleys geared together by frictional contact, in which the driving surfaces are grooved or serrated 
annularly, the ridges of one surface entering the grooves of the other. A lateral wedging action is 
obtained, which augments the adhesion of the surfaces, as compared with flat friction surfaces, in 
the ratio of 9 to 1. That is, the grooved wheels require a force of 8 lbs. acting at their circumfer¬ 
ence to make them slip, for every 2 lbs. applied on the axis; whereas two flat surface-wheels would 
require (2 x 9 = ) 18 lbs. of pressure on the axis to enable them to resist a force of 3 lbs. acting on 
the drcumference. The grooves are made of Y shape, for which 60^ is the most suitable angle. 
The pitch of the grooves is varied according to the velocity and the power to be transmitted—^from 
one-eighth to three-quarters of an inch ; the ordinary pitch is three-eighths of an inch. See a paper 
by Mr. James Robertson on “ Grooved-Surface Frictional Gearing,** in “ Proceedings of Institution of 
Mechanical Engineers,** 1866. 

GENEVA STOP. Where a train of wheels is set in motion by a spring inclosed in a barrel, it 
becomes of consequence not to over-wind the spring. The Geneva ato/>, Fig. 

2152, has been contrived with the view of preventing such an occurrence, and 
will be found in all watches which have not a fusee. A disk Ay furnished with 
one projecting tooth /*, is fixed upon the axis of the barrel containing the main¬ 
spring, and is turned by the key of the watch. Another disk. By shaped as in 
the drawing, is also fitted to the cover of the barrel, and is turned onward in 
one direction through a definite angle every time that the tooth F passes through 
one of its openings, being locked or prevented from moving at other times by 
the action of the convex surface of the disk A, In this manner each rotation 
of A will advance B through a certain space, and the motion will continue until 
the convex surface of A meets the convex portion Ey which is allowed to re- 
Btin upon the disk B in order to stop the winding up. The winding action 
haring ceased, the disks will return to their normal positions as the mechanism 
runs down. Instead of supposing A to make complete revolutions, let it oscil¬ 
late to and fro through somewhat more than a right angle; then B will oscillate 
in like manner, and will be held firmly by the opposition of the convex to the 
ooBcare surface, except during the time that P is moving in the notch. 

GIB AND COTTER. A method of connecting separate parts of a machine. Sometimes one of 
the connected pieces is required to move while the other remains stationary; frequently both pieces 
have motion imparted to them, as in the case of the connecting-rod of a steam-engine, when the 
connection at the end is often made by means of gibs, a cotter, and a strap. Again, both connected 
pieces may be stationary, in which case the principle of the connection is the same. 

There are three forms of this device: 1. The simple cotter without gibs; 2. A cotter and one gib; 
S. A cotter and two gibs. Of the second and third forms there are a variety of designs, and various 
Deans are employed to force home the cotter and to keep it there. 

The colter itself is a tapered piece of metal, generally resembling in form and action a wedge, 
but with this difference, that the wedge is used to force asunder parts of the same piece or differ¬ 
ed pieces, while the cotter is employed to draw together by means of available parts two or more 
picoM of metaL The amount of taper given to the cotter must not exceed the angle of repose of 
octal upon metal, which for greased surfaces may be taken at about 4**. Some authorities recom- 
oend a taper of 1 in 24 to 1 in 48 for simple cotters, and 1 in 8 to 1 in 16 when the slacking of the 
cotter is prevented by a screwed prolongation of the gib; a common rule is to make the taper one- 
half to three-fourths of an inch to each foot of length. 

Cotter coemeding two Pieces without a Gib. —In Fig. 2168 is shown an example of the use of a 
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cotter without a gib being employed in conjunction with it; it here maintains the bolt c in the hole 
made in the piece h to receive it. The action of the cotter is simply to wedge itself tightly into 


2158. 



the pieces, and maintain its hold by the grip thus induced. It is quite evident that so long as d 
keeps its place the bolt c cannot be removed from h. 

Cotter connecting two Pieces when one Gib is used. —Rg. 2154 gives two views of a connecting-rod. 
A is the cotter, B the gib, and C the strap. The shape 

of the strap is shown more clearly in ^g. 2155, a, 5, I 2156 

and c being the openings in it. I 

Cotter and tm Gibs. —Fig. 2156 shows a connecting- Ar'i! I flj 







rod head, held together by a strap, cotter, and two 
gibs; the strap is marked s «, the cotter a, and the two 
gibs 6 respectively. They firmly hold the brasses at 
the end of the rod in their places. The advantage of 
two gibs is, that they keep the strap firmer against the brasses. The screw which forms the lower 
part of the gib serves to prevent the cotter from falling or being jerked out when the engine is in 
motion. After the strap s is put on the connecting-rod, the gib 6 is inserted, and then the nut c is 
placed so that when the key a is put in the nut can be screwed up. The key is driven home with 
the hammer, the nut c being slackened to allow it to come down. When it is made as tight as is 
required, the nut d is put on and screwed up tightly. Then c is screwed down, and thus the two pre¬ 
vent the key from becoming slack. The hole for the bolt at c must be made elliptical, so as to allow 
the key to come down without bending the bolt 

The foregoing is abridged from ** Principles of Machine Construction,” Tomkins, London and 
Glasgow, 1878. 

GIG. See CLOTH-mnsHiNO Machinery. 

GIN, COTTON. See Cotton-Gin. 

GIN, HOISTING. See Cranes and Derricks. 

GIRDERS. See Carpentry. 


GLASS, MANUFACTURE OF. Glass is an amorphous substance, hard and brittle at ordinary 
temperatures, liquid or soft at a high heat, transparent or translucent, colored or colorless, and pre¬ 
senting a special fracture. It is the result of the combination of silicic acid (silex) with several of 
the following bases: potash, soda, lime, magnesia, oxide of lead, oxide of iron, and aluminum. The 
various sorts of glass are distinguished with regaid to their composition, their mode of fabrication, 
and their uses. 


Windoio-pane glass^ mirrors, and glass for table use are formed of the same elements associated in 
different proportions. These elements are silex, lime, and soda. 

Bohemian glass, which is used in Germany for the production of drinking-yessels, is a silicate with 
a potash and lime base. It contains besides, as do all other kinds of glass, a small quantity of alu¬ 
minum and of oxide of iron, obtained either from the crucible in which it is melted, or from the 
more or less purified materials employed for its production. 

Bottle-glass contains, together with the silex, soda, or potash, lime, magnesia, aluminum, and iron 
oxide. 


Crystal is a glass having a base of lead oxide and potash. Flint-glass, a dense substance used for 
eptic^ purposes, and strass, employed in imitating precious stones, are of similar elementary consti¬ 
tution, though the ingredients are in different proportions. 
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The tsMonde contain, in addition to the normal glass ingredients, oxide of tin or arscnious acid, 
which gires them the opacity that distinguishes them from all other classes of glass. 

ColoM glau obtains its tints, which may be infinitely yaried, from yarious metallic oxides, from 
some metals, carbon, and sulphur. Many kinds of colorless glass contain a small quantity of oxide 
of maugaueae, this substance being introduced in order to obtain a whiter glass. 

To these may be added the eolwle which is a simple silicate of soda or of potash, or a mix¬ 
ture of the two silicates. 

The specific gravity of glass varies with its composition, from 2.4 to about 8.6, although optical 
glass of greater specie gravity is sometimes nmde, amounting in some instances to 5. Its density 
and aho its refractive property are increased with the proportion of oxide of lead it contains. Brit- 
tlsDess is a quality that li^ts the alteration of the shape of glass within narrow bounds, after it has 
cooled; but when softened by heat while it is highly tenacious, no substance is more easily moulded 
into any form, and it can be blown by the breath into hollow vessels of which the substance is so 
thin that they may almost float in the air. It may also be rapidly drawn out into threads of several 
hundred feet in length; and these have been interwoven in fabrics of silk, producing a beautiful 
effect In the soft plastic state it may be cut with knives and scissors like sheets of caoutchouc. 
It is then inelastic like wax; but when cooled its fibres on being beaten fly back with a spring, and 
hollow balls of the material have, when dropped on the smooth face of an anvil from the height of 
10 or 12 feet, been found to rebound without fracture to one-third or one-half the same height. It 
has the raluable property of welding perfectly when red-hot, and portions brought together are in¬ 
stantly united. \^en moderately heated it is readily broken in any direction by the sudden contrac¬ 
tion caused by the application of a cold body to its surface. It is also divided when cold by break¬ 
ing H along lines cut to a slight depth by a diamond, or some other extremely hard-pointed body of 
the exact form suited for this purpose; and it may be bored with steel drills, provided those are kept 
slightly moistened with water, which forms a paste with the powder produced. Oil of turpentine, 
ei^ alone or holding some camphor in solution, is also used for the same purpose. Copper tubes 
fed with emery also serve to bore holes in glass. Adds and alkalies act upon glass differently accord¬ 
ing to its composition, and reference should be made to this in storing different liquids in bottles. 
Siheate of alumina is readily attacked by acids, and bottles in which ^s is in excess are soon cor¬ 
roded even by the bitartrate of potash in wine, and by the reaction the liquor itself is contaminated. 
A glass that loses its polish by heat is sure to be attacked by adds. Oxide of lead when used in 
lu^ proportion is liable to be in part reduced to a metallic state by different chemical reagents, and 
a bUck color to the glass. All glasses are attacked by hydrofluoric acid. 

Mdting ,—The various materials entering into glass manufacture will be noted as each class of 
glass is described. For melting, these are thoroughly ground, mixed together, and sifted, and are 
incorporated with from one-quarter to one-third their weight of broken glass before being introduced 
into the melting-pots. The latter are previously heated to a white heat in the furnace, and receive 
only two-thirds of a charge at a time, more being added as the first portion melts down. * The pot 
being at last filled with the melted ** metal,** the heat is raised as rapidly as possible, and the prog¬ 
ress of the operation is judged of by the workman dipping iron ro^ from time to time into the 
mixture and examining the appearance of the drops withdrawn. A nearly homogeneous product, 
iHoch becomes transparent on cooling, indicates that the most refractory ingredients have been all 
dusohred. Their mixture is facilitate by the continual disengagement of carbonic acid gas, which 
in its escape causes the whole to be thrown into ebullition, ^me of the gas remains in the mass, 
rendering it spongy and full of vesicles. Unless in the manufacture of the finer qualities of glass, 
for whidi the purest materials are employed, there is also a scum called ** glass gall ’* or “ sandiver ** 
floating on the surface, consisting of the insoluble matters, and the sulphates of soda and lime not 
taken up by the mixture. This is removed by ladling, and the metal is next fined,** which is done 
by incr^sing the heat to the highest degree, and keeping the contents of the pots in a state of per¬ 
fect fluidity for from 10 to 30 hours; in this time the bubbles disappear, and the insoluble matters 
Mttle to the bottom. The furnace is then allowed to cool until the metal has become viscid, so that 
it may be taken out and worked; and it is afterward kept at a sufficiently high temperature to main¬ 
tain the glass in this condition, that it may be used as required. For construction of glass furnaces 
and pots, see Fubnacxs, Glass. 

Vmiom-€flau .—^The glass commonly used for window-panes is one of the hardest varieties, and is 
of unsuitable quality for shaping into vessels or manufacturing by cutting or grinding. The follow¬ 
ing talde shows the composition of several varieties: 


KAMI. 

SOci. 

lime. 

Sode. 

Potaah. 

Alumlne. 

Oxide* of Iron 
and Menganeae. 

Total. 
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16.2 
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.9 
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The ingredients used are sand, sulphate of soda, and lime in the form of carbonate or slacked lime. 
In the n^ of France and in Belgium these are employed in the following proportions: white sand, 
100 parts; sulphate of soda, 86 to 40; limestone, 26 to 86; coke powdered, 1.6 to 2; binoxide of 
nanganese, 0.6 * glass scrap in variable quantity, usually in the same proportion as sand. Ar- 
seid is Mmeiimes added to act as a deooloriang agent and to facilitate the fining. English 
produce a very fine white glass for photography, and for covering pictures in frames, in 
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closed pots, with the following ingredients: Fontainebleau or American sand, 100 parts; carbonate 
of soda at OO"", S6; nitrate of soda, 6; powdered slacked lime, 12 ; and arsenious acid, 0.5. 

There are three kinds of glass which come under the general heading of window-glass, namely, 
sheet, crown, and plate. All of these differ in their manufacture. Crown-glass is first blown into 
a globe or sphere and flattened out into a circular disk ; sheet-glass is form^ into a cylinder, which 
is opened out into a sheet; and plate-glass is cast on huge tables. 

Shed-Olasi. —In the manufacture of sheet-glass two furnaces are generally used, one for melting 
or making the glass, and the other for reheating it during the process of blowing. The latter is 
usually of oblong form, with 4, 6, or 6 holes on each side for as many workmen. On each side of 
this furnace is a pit about 7 feet deep, 16 feet wide, and as long as the furnace; over this at inter¬ 
vals of about 2 feet are erected, in front of each hole of the furnace, wooden stagings or platforms, 

upon which the workman stands when swinging 
8157. the cylinder to and fro and over his head. The 

manufacture may be divided into three process¬ 
es : 1, blowing the cylinder; 2, flattening it out 
into a sheet; 8, polishing the sheet. The oper¬ 
ation of blowing is represented in Fig. 2157, and 


begins with the collection of a sufficient quantity 
of metal from the pot at the end of the pipe. A 
massive glass ball is thus attached round the 
knob of the pipe, which must be pushed for¬ 
ward with a jlcUting-iron until an annular groove 
is produced. When this operation is completed, the blower rounds the ball by rolling it on the 
marver, and distends it slightly by blowing. It then assumes the form represented in Fig. 2158, from 
which it will be seen that the mass of glass is thickest in front, as from that part it has to be dis¬ 
tended and lengthened into a cylinder. In the subsequent operations, it first assumes the width of 
the future cylinder and then the length. With this object in view, the workman, after having re- 
warmed the ball of glass, holds it perpendicularly above his bead, and blows into it. The heavy bot¬ 
tom, yielding with less ease to the blast, admits of the distention of the width, and a flattened bottle 
is formed. Fig. 2159. As soon as the proper width is attained, the pipe is quickly inverted, so that 
the ball is undermost, and an incessant swinging motion is then kept up with a constant blast. Fur¬ 
ther distention is thus effected, but from the bottom only, as the thinner sides have by this time cooled, 
and in consequence of the swinging motion in the direction of the length, so that the bottle acquires 


2160. 2161 2162. 8168. 



c 


the form represented in Fig. 2ICO by the time that the glass has so far cooled as to be no longer 
expansible. If the swinging were intermitted, the bottle would be distended in all directions, and 
present the form indicated by the circular line. By repeated warming, swinging, and blowing, the 
form Fig. 2161 is gradually produced, which is of the proper length of the cylinder. It is then coni¬ 
cal, and terminated by a semicircle, in the middle of which, at c, is^the threat part of the vesseL 
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When the workman blows air into the pipe, and closes the aperture with his thumb before withdraw¬ 
ing the pipe from his mouth, the air expands and exerts great tension upon the sides of the cylinder; 
if the weakest pari, at c, is now held in the flame, it will be blown out and burst. The cylinder hav¬ 
ing thus been opened as represented in Fig. 2162, the next object is to extend the somewhat uneven 
ai^ thick margin of the aperture, and reduce it to the proper dimensions, while at the same time the 
other parts are straightened and acquire a uniform diameter, as is shown in Fig. 2168. Prominent 
portioiis, which may sometimes proj^ are cut away with the scissors. 

Aeeording to the size of the cylinder, it may be either blown at once, or it will require to be re¬ 
heated several times. When very long and wide cylinders are blown, the lower portion is liable to 
become too thin; an extra portion of glass must then be incorporated with it before the opening 
process. 

The neck and curvature where the pipe was attached to the cylinder have now to be removed, in 
order to spread the whole out in the form of a plate, and the cylinder must be cut open lengthwise. 



The cylmder, supported by an assistant upon a wooden rod, is therefore turned round two or three 
times in the curve of a bent iron, heated to redness, as shown in Fig. 2164, and a drop of water is 
allowed to fall upon the heated line, which fractures the glass and detaches the cap. In a similar 
Danner, but in a straight direction, a crack is made longitudinally, and the cylinder is then prepared 
for spreading or Jlatting^ Fig. 2166. Instead of cracking the cylinder by this means, the cap of the 
cylinder is sometimes taken off by winding around it a thread of hot glass, and after removing the 
Utter applying a piece of cold iron to any point which the thread covert. After trimming the other 
ead by cutting off about 2 inches in length with a diamond, the cylinder is split open longitudinally by 
drawing along its inside surface a diamond attached to a long handle and guided by a wooden rule. 

putting is conducted in furnaces purposely constructed, the principal parts of one of which 
are shown in Fig. 2166. The flame first plays upon the flatting-hearth C before entering the anneal¬ 
ing or cooling furnace J?, which is also heated Erectly by the fire, when it escapes through the flue 
or channel by which the cylinders are introduced to be subsequently removed. The flattener 
stands in front of the aperture /, the workman engaged at the cooling-furnace before m / and an 
assistant pushes the cylinder oooo along the railway p. The most essential part of the furnace, 
however, is the tpreading-plait or flatting-sUme q and q. This must be perfectly even, without any 
rooghne^ or inequalities which would scratch the glass or make it lumpy; it must be unalterable in 
the fire, and of a size somewhat laiger than the flattened cylinders. A plate of this description is 
Qsuallj manufactured from fire-proof clay mixed with cement (either ground fragments of burnt clay 
of the same kind, or fine sand, or ground quartz), strongly beaten during drying, then burnt, and 
lastly ground smooth ; it is laid upon 
a bed of sand and in contact with a 
second table of the same sort in the 
ooolhig-oven. To make quite sure 
that no injury shall be sustained by 
the plates upon the flatting-stone, it 
u customary to cover this previously 
with a lagtr^ which is a thick plate of 
^ass expressly blown for this pur¬ 
pose. These lagers are soon devitri- 
fied, which is of no moment so long 
as the surface remains smooth ; this, 
however, does not last long, and fre¬ 
quent renewal of the lager becomes 
necessary. Lastly, to prevent the cyl¬ 
inders from attaching themselves to 
the lapr, the flattener, in some manu- 
f^riea, throws a handful of lime 
into the furnace, which is carried as 
fine dust by the flame and spread over 
^ iager. The temperature in the 
fintting-faniace must only be just suf 
fident to soften the cylinders, while 
in the cooling.faniaoe it must not at- 
tnin that pomt 

The spreading operation is commenced by introducing the cylinders into the warming-tube D. The 
inrther the cyliodeia are pushed forward by those succeeding them, the more they become heated, 
tb^ begin to soften on reaching the flatting-stone. They are then taken by the workman with 
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a rectangular bent iron, and placed upon the lager with the cut side uppermost, where th^ open of 
themselves, and are easily straighten^ and made even. For this latter purpose, a rod of iron, fur¬ 
nished at the end with a wooden polisher, 
Fig. 2167, is employed, and this is dipped 
2107 . into water each time it is used. When all 

the curvatures and lumps have been reduced, 
the sheet is pushed b^waid into the an- 
——; — I nealing-oven, where it cools down and is 

\ placed in an upright leaning position. Be¬ 

tween every 80 or 40 sheets an iron rod a a 
is inserted, and the operation is continued 
until the whole furnace is filled. 

Fig. 2168 is an elevation of a flatting-fumaoc in section, with three annealing-arches of the ordi¬ 
nary description. Fig. 2169 is a pound plan of the same. In Fig. 2170 are elevations of two end 
views of the flatting-furnace, a o is the spreading-furnace, divid^ into two compartments by the 
partition c ; d d are two sets of fire-bars, on which wood must be burnt; e is the spreading or flat¬ 
ting stone of the furnace, which must be perfectly smooth and even; t is an opening through which 



9168. 



the cylinder is placed in the furnace previous to being laid on the flatting-stone e ; A is the opening 
through which the workman spreads the cylinder into a flat sheet of glass; / is the opening through 
which the sheet of glass is removed to the table or bed in the compartment b. The upper side of 
the table ff is made of stone, similar to that employed as the flattening surface. It is fixed to an 
iron framework on wheels, and is kept at a proper degree of heat by remaining in the furnace, as 
shown in the drawing. The carriage runs on a railway in front of the annealing-arches, where the 
sheet is transferred in the usual way. 

The cylinder is placed on the flatting-stone, and is split lengthwise by passing a red-hot iron bar k 
from end to end, a little charcoal powder being previously sprinkled on the inner surface of the 
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cylinder. It is now spread out into a sheet by pressing the same on the flatty-stone, by means of 
a small block of elder-wood, fixed on an iron bar m. The temperature at which the flatting is per¬ 
formed is such that the operation does not occupy more than a minute. 

Two improvements have been introduced in this operation. One consists in making part of the 
floor of the compartment a to consist of a movable stone about 10 inches in diameter, on which the 


9170. 



cylinder is placed. It is gradually exposed on all sides to the action of the fire by causing the stone 
to revolve on its axis, and thus the objection to the previous plan is avoided, where one side of each 
cylinder became so much hotter than Uie other. 

Annealing usually requires from 24 to 86 hours. From the annealing-oven the sheets are taken to 
the warehouse, where they are smoothed, polished, assorted, and cut into panes of the required 
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dimensioiiB. The former method of grinding and polishing sheet-glass by imbedding the sheets in 
plaster of Peris proved inadequate to remoye the defects in the glass consequent upon the mode of 
mamifaetore. The diief of these was the undulating or wavy appearance of the surface, called 
cockles, which was attributed to the difference of diameter between the inner and outer surfaces of 
the cjl^er, and which caused objects seen through the glass to be distorted. Notwithstanding the 
glass was made very thick, after the superficial roughness was removed the result was a thin sheet 
modi inferior to plate-gla^ The ingenious process devised by Mr. James Chance for producing 
patent plate-glass, whi<m is now used in England and most factories on the continent, is one of the 
most important improvements in the manufacture. By removing the thin outer surface of the glass 
bj this method, an evenness and a polish are secured, even on the thinnest sheet, which make it in 
many respects equal to plate-glass, and far superior to the sheet-glass produced by the old process. 
The improved m^od consists in placing the sheet to be ground and polished upon a flat surface 
covered with a piece of damp soft leather or cotton cloth. A slight pressure applied to the glass 
canses it to adhere to the surface of cotton or leather, and by thus producing a vacuum the entire 
sheet is firmly maintained in a flat position by atmospheric pressure. The exposed surfaces of two 
dieets fixed in this manner are rubbed agai^t each other in a horizontal position by machinery, 
emerj and water being constantly suppli^ to keep up the friction. Both sides of the sheet are 
polisM in this manner, with only a slight diminution of the thickness of the glass. After the 
removal of the sheets from these surfaces, they resume by their own elastidty their original shape, 
whidi is often more or less curved. The final polish is given to the sheets by a process similar to 
that used in polishing plate-glass. In each process through which the glass has passed it was ex- 
pMed to some imperfection, and some of the sheets bear the peculiar defects of them all and are of 
little value; others are suitoble for inferior uses, and but few are perfect. The wide difference be¬ 
tween the quality of the best and the worst sheets is indicated by the fact that the former are valued 
at three times more than the latter. The same kind of material is used in the production of both 
crown- and sheet-glass. The remarkable brilliancy of surface of the former gives to it a certain 
advantage over sheet-glass ; but the larger size easily attained in making the latter gives it the su¬ 
premacy in commerce. Of crown-glass it is diflScult to obtain panes of 34 x 22 inches, while the 
Qsoal size of the sheets of cylinder-glass is 47 x 32 inches, and cylinders are occasionally blown 77 
inebea in length, requiring about 88 lbs. of glass. 

CrovmrOlM .—Illustrations of the furnace used for melting crown-glass will be found under Fur- 
iricss, Glass. 

When a certain weight of glass, o. Pig. 2171, has been collected or gathered from the pots on the end 
of the tube 6, it is fashioned into a peculiar form, as shown in the fl^e, on a solid plate of cast-iron 
f, called a marver. Previous to the operation of “ marvering,” the workman cools the iron pipe, 
which has become heated by being expo^ in the melting-furnace. The marver c is placed on rollers 
for the convenience of moving it from place to place as required. When the mass of glass has as¬ 
sumed the proper form, a boy blows through the iron tube, while the workman continues to roll the 
ball upon the marver. During the previous operation of marvering,** the mass of glass is fashioned 
so u to give the outer extremity a conical form, the extreme end of which becomes the outer axis of 
the ^be during the operation of blowing. This outer axis is called the ** bullion,’* and during the ex¬ 
panding of the globe the workman rolls tUs bullion along a straight-edge. The piece of glass, after 



the above operation, is reheated in the blowing-furnace, and expanded by the workman blowing 
through the iron pipe, until it is so far cooled as to require another ** heat.” When it has been blown 
to the proper size. Fig. 2172, 2, it is again exposed to the heat of the furnace, when the workman, 
resting the pipe on an iron support, during which time the neck remains cool, causes the glass globe, 
by a peculiar motion of the pipe, to assume the shape shown at 3. This last operation is technically 
termed ** bottoming the piece.” It is then remov^ to a framing, Fig. 2173, where it rests on its 
edge on some ground charcoal and cinders a. Another workman then attaches a strong iron rod, 
wi& a quantity of melted glass at its end, to the centre of the piece, as at 6. The ”blower” now 
tenches the n^ of the piece at c with an iron rod previously dipped in water, and, by a smart blow 
OD the iron tube d, detaches the piece, leaving the neck open, ns shown at 4, Fig. 2172. 

The**piece” is now removed to the **flashing-furnace.” The thick neck is first heated at the 
whence a powerful flame is issuing. Fuel is placed on the mting for the purpose of warm¬ 
ly the piece, while the neck is heated from the larger furnace trough an opening in the side. 
As soon as the neck is sufficiently soft, a boy inserts a flat iron tool through the nose-hole, to smooth 
the roughness left in the neck by breaking it off as described above. When the neck has been suffi- 
<^tly heated at the nose-hole, the bell-shaped vessel is brought in front of another opening, whero 
H receives the full heat of the flame, and the pipe is then made to revolve with the greatest possible 
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rapidity. The action of this rotary motion upon the softened glass is easily conceived. The centri¬ 
fugal force communicates to the particles of glass a tendency to fly off at a tangent, and to arrange 
themselves in a circular plane perpendicular to the axis of rotation. The mouth, being the softest 
part, flrst expands, and this quickly enlarges until the whole suddenly opens into one sheet of glass, 
Fig. 2174, about 6 feet in diameter, which, with the exception of the central portion, is of nearly 




uniform thickness. It is obvious that a sheet of such dimensions must quickly fold together in the 
soft state, if the rotary motion is not kept up. The workman, therefore, continues the rotation after 
the removal of the sheet from the flame of the furnace, until it reaches the annealing-oven, where 
it is placed on a small circular bench, and is detached from the rod by means of a pair of strong 
shears, leaving a mark called the bullion,^* or bull’s-eye. Another workman, who has charge of 

the annealing, now raises the ** ta¬ 
ble” of glass upon a large fork-like 
instrument, and carries it to an up¬ 
right position in the annealing-arch, 
Fig. 2175. The tables stand thus 
on their edges, upon two strong par¬ 
allel iron supports, which run the 
whole length of the annealing-kiln. 
The glass, after remaining in the 
kiln for a considerable time, during 
which the cooling has been care¬ 
fully regulated, is withdrawn, so as 
to enable a workman to go inside 
and hand out each table on the out¬ 
side to an assistant. 

This mode of manufacture pos¬ 
sesses at present little more than 
retrospective interest, despite the advantage which it offers in the brilliancy of the glass produced. 
To make a sheet-glass in which shall be united the brilliant qualities of crown-glass with the cheap¬ 
ness of cylinder-glass is one of the most important problems in glass-making which inventors have 
yet to solve. 

Plate-Olass,—The composition of this glass is given by Pcligot as follows: 


£175. 
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8t. Gobain glaaa.. 

78.3 

18.6 
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Same, old inake. 
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Glass from two English fhetories -j. 

74.5 

4.7 

19.1 
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English glass, Bavenhead. 

75 

6.5 

18 

I .5 

Amelong gla^ from Dorpat. 

71 

14.8 

13.4 

1 2.8 

■ - i 



The mixture used in the leading glass-houses of Europe is; white sand, 800 parts; soda salt at 
85'’ to 90*", 110 to 120; limestone, 50; glass fragments, 300. In some establishments the limestone 
is replaced by 46 parts of slacked lime. 

The buildi^ or factory for the manufacture of plate-glass is generally of very large size. That of 
the British Plate-Glass Works at Ravenhead, where it is called the foundry, is 839 feet long by 155 
feet wide; and the famous halle of St Gobain in France is 174 by 120 feet. In the centre is the 
square melting-furnace, with openings on two parallel sides for working purposes, while along two 
sides of the great building are arran^ annealing-ovens, which are sometimes 30 by 20 feet in order 
to receive the immense pUtee that are to be annealed. Two kinds of pots are u^: the ordinary 
one, open at the top, for melting the glass; and cisterns or cuvettes, in which the molten glass is 
carried to the casting-table. In France the cuvette is usually of a quadrangular form, with a groove 
in each of its sides, or, as in the case of the larger cisterns, in two parallel sides, in which the tongs 
or iron frame are fitted when the cuvette is mov^. Between each two pots in the furnace are placed, 
according to their size, one or more cuvettes. In some establishments the cuvette is not now used, 
the metal being poured from the pot in which it is melted on to the casting-table. In France 16 
hours are allowed for the melting, and the same time for the metal to remain in the cuvettes; but 
the latter term is often extended in order that the aeriform bubbles may escape and the excess of 
soda become volatilized. Toward the last the temperature is allowed to fall, and the glass then 
acquires the slight degree of viscidity suitable for casting. The molten glass is transferred from the 
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pots into the adjacent cuyettea by means of wrought-iron ladles with long handles. When the glass 
is in the proper condition to be cast, the tongs carriage,” consisting of two powerful bars of iron 
united like two sdssors-blades, and resting upon two wheels, is pushed into the opening made in the 
fiiniace, and the enyette is clamped in the quadrant formed at the extremity of the tongs, two workmen 
manipnlating the handles at the other extremity. The dstem, thus taken from the furnace full of 
molten glass, is placed on another carriage and quickly conveyed to the casting-table. Fig. 2176. 
This consists of a massive slab, usually of cast-iron, supported by a frame, and generally placed at 
the mouth of the annealing-oven. At the Thames Works in England the casting-plate is 20 feet long, 
11 feet broad, and 7 inches thick. Formerly these tables were of bronze, and the great slab of St. 
Gobain of this alloy weighed 50,000 lbs.; but cast-iron was found less liable to crack, and is now 
•^erally used for this purpose'. On each side 
of the tables are ribs or bars of metal, which 
keep the glass within proper limits, and by their 
height determine the thickness of the plate. A 
copper or bronze cylinder about a foot in diame¬ 
ter, resting upon ^ese bars, extends across the 
table. After being heated by hot coals placed 
upon it, the table is carefully cleaned prepara¬ 
tory to casting. The cistern containing the melt¬ 
ed glass is rai^ from the carriage on which it 
was brought from the furnace by means of a 
crane, its outside carefully cleaned, and the glass 
skimmed with a copper sabre. The cuvette is 
DOW swung round over the table, over which a 
roller covered with cloth is drawn to remove all impurities, and the molten glass poured out in front 
of the cylinder, which, being rolled from one extremity of the table to the other, spreads out the glass 
in a sheet of uniform breadth and thickness. The operation is a beautiful one from the brilliancy 
of the great surface of melted glass, and the variety of colors exhibited upon it after the passage of 
the roller. While the plate is still red-hot about 2 inches of its end is turned up like a flange, against 
which an iron rake-like instrument Is placed, and the plate is thrust forward into the annealing-oven, 
the temperature of which is that of dull redness. Another plate is now immediately cast upon the 
hot table, and the annealing-oven when filled is closed and left for about five days to cool. The pro¬ 
cess of casting is done so systematically and with such dispatch in a well-regulated establishment, 
that the glass has been taken from the furnace, cast, and put into the annealing-oven in less than 
five minutes. From the annealing-oven the plates are taken to the warehouse, where they arc care- 
foUy examined to see how they may be cut to the best advantage. 

In different manufactories and at different times various processes have been in use for grinding 
tDd snMMthing the surface of plate-glass, but the principle has been the same in all, viz.: rubbing 
the surface to be smoothed with another surface either of glass or iron, and at the same time apply¬ 
ing sand or emery of different degrees of fineness and water between the two impinging surfaces. 
One of the most approved methods of grinding and smoothing the plates was intr^uced into Eng¬ 
land in 1856, and adopted in the British Plate-Glass Works. This apparatus consists of a revolving 
table, 20 feet in diameter, fixed upon a strong cast-iron spindle, and capable of running at an aver- 
•ge speed of 25 revolutions a minute. Above the table frames are arranged to bold the plates of 
glass, which arc laid in a bed of plaster of Paris, with the face to be polished resting upon the table. 
These frames also revolve on their centres by the friction of the table upon the glass, slowly, but so 
as to present each side of the plates they hold to an equal amount of rubbing as they are moved 
nearer to the centre of the table or farther from it. Sand and water are applied to facilitate grind¬ 
ing down the glass. The grinding by this process is found to be even and equal, and the machinery 
to work smoothly and steadily from the facility with which the plates accommodate themselves to the 
power applied. After grinding they are smoothed with emery powder of finer and finer qualities, and 
are thus prepared for polishing. By the process above described the grinding and smoothing are done 
by the same machine; but formerly two sets of apparatus were required for this purpose. By grind¬ 
ing, the surface of the plate is made true, but presents a rough appearance which is removed by the 
process of smoothing. At this stage it is somewhat opaque, but this defect disappears after the final 
process of polishing. This is performed chiefly by machinery. The plate of glass having been fixed 
open the table by means of plaster of Paris, the surface is subjected to the action of a series of 
wooden blocks covered with felt and attached to a frame by which they are made to move over the 
nirfioe of the glass. At the same time a polishing powder, generally red oxide of iron, is applied, 
while the friction may be increased by adding weight to the rubbers. Polishing sometimes brings 
out defects which were before concealed; the plates are consequently again assorted, and, if need 
be, reduced to smaller sizes. Bending the large plates or the smaller sheets of glass for the purpose 
of fitting them for bow windows, etc., is an especial branch of the manufacture. A core of refrac¬ 
tory material and suitable shape is introduced upon the floor of the furnace; and upon this is laid 
the iheet to be bent, which as it softens by gravity conforms itself to the shape of the bed upon 
which it is laid. 

The valae of plate-glass varies greatly with the size. In the United States the price of a plate of 
^tvidard British or French glass, 5x3 feet, is about $85; but when the dimensions are double, the 
phtc being 10 x 6 feet, the price is increased to about $175. A plate 14 x 8 feet is valued at about 
1500. 

In method of coating jilale-gla»y a reverberatory furnace is employed, Fig. 2177, with a 

W arch and descending flue d. The flame, proceeding from the grate a, plays upon the surface of 
^ Dttteiialg in the pot e, in the fire-space b. The arch is formed at that part which is most exposed 
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to the heat and the alkaline yapors from the mixture, of hollow bricks e c c, over which a drau^t 
of cold air is caused to play by connecting the space above the furnace with the ascending mi^in 
chinmey. The object of this cooling, which Is of course attended with a loss of heat, is to prevent 
tears, consisting of the fusible product of the action of the alkaline vapors upon the ingredients of 
the bricks, from forming on the arch, and falling into the glass during fusion. The pot, e, is of very 
large dimensions, as lai^e indeed at the lip on the one side as the width of the plates which it is 
proposed to cast with it. It is set upon a si^e composed of large masses of fire-stone, and these 
are cemented together, as well as the pot upon them, by some bottle-glass, which, in the fused state, 
enters the crevices and binds the whole firmly together upon the strong-ribbed cast-iron frame ff. 


8177. 



This frame moves upon four wheels A on a railway to, which extends beyond the furnace to the 
rolling machinery, to be described immediately. Thus pot, siege, and frame are all wheeled in and 
out of the furnace at once, as will be seen by reference to the section, fig. 2178, where ij represent 
the hollow brick, or masses of stone, by the removal of which a free ingress and egress is allowed 
the whole carria^ on the continuation of the rail. The pot and carriage fill the entire recess in the 
furnace, and the flame playing upon the top does not much affect the iron frame of the carriage 
through the bad conducting-stones which form the bed of the pot. Fig. 2179 is a longitudinal sec¬ 
tion throng the middle of the framework and machinery, by means of which the pot and siege are 
raised, and the melted glass poured out between the rollers. It shows the pot in an elevated position 
and partly emptied. 

The m^e of operating with this apparatus is as follows: When the glass is in a fit state for cast¬ 
ing, the door is removed by a crane ^m the mouth of the furnace, and by the assistance of an iron 

hook the carriage and its pot are easily 
rolled forward upon the rails before men¬ 
tioned to the tilting-frame t. The carriage 
and its pot are now moved forward until 
the set-screws Jf come in contact with the 
carriage; the office of these screws is to 
regulate the extent to which the lip of the 
pot shall overhang the roller so that 
when a new pot is used its proper position 
for pouring may be adjusted. The screws 
M pass through stout lugs cast on the 
piece tf / the handle on X b^g turned, 
the pot will be elevated, as shown in Fig. 
2179, when the glass passing between the 
rollers will be formed into sheets. Wben 
the pot is emptied it is again lowered and 
returned to the furnace for a repetition of 
the preceding operations. The roller f is 
furnished with a longitudinal rib, which 
at each revolution cuts the glass off into 
lengths. 

FlinUGlass.—‘The best flint-glass is subject to defects, chief among which are undulatory appear¬ 
ances called striae, resulting from a want of uniform density in the glass, and tending to refract and 
disperse in different directions the rays of light passing through it. These defects are of great im¬ 
portance when the glass is to be used for optical purposes. In 1768 John DoUond, an English 
optician, first began the construction of achromatic object-glasses, formed of two kinds of glass 
of different density; for this purpose he used fragments of flint- and of crown-glass, but did not 
succeed in making object-glasses with a larger aperture than 2 or 3 inches in diameter; and when 
the need of telescopes of greater magnifying power was strongly felt, it was difficult to pi^uce flint- 
glass sufficiently free from striae for a lens 4 inches in diameter. The invention of a means of pro¬ 
ducing flint-glass free from striae was made by M. Guinand of Brennets, Switzerland, and it consisted 
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in working and sdning the material while in a state of fusion, by means of a tool made of the same 
material as the crucible or glass-pot. He made a hollow cylinder of fire-clay of the same height as 
the cmcible, dosed at its lower extremity and open above, with a fiat ledge all round of several 
oentunetres in width. Having heated this cylinder red-hot, he placed it in the melted glass; then, 
by means of a long bar of iron, bent to a right angle at a distance of some centimetres from its 
extremity, which he introduced into the cylinder of fire-clay, he worked and stirred the glass, by 



riring the bar a horizontal rotary motion. For the manufacture of flint-glass, and of crown-glass, 
he adopted a drcular furnace, in the centre of which is placed the crucible or glass-pot, all the parts 
of whi^ are exposed to the same temperature; and covered crudbles are adopt^, because with 
crodbles of this form there is no danger of the glass being spoiled by particles of the fuel, or by 
drops or tears from the crown or arch of the furnace. For the construction of this, see Furnaces, 
Glass. 

Flint^lass, of the usual density, similar to that used for table-sets, decanters, etc., is composed, 
ordinarily, of 800 parts of sand, 200 of deutoxide of lead, and 100 of subcarbonate of potash. The 
density of this flint-glass is from 3.1 to 3.2. The following composition, expressed in kilogrammes, 
giTes the quantity necessary to fill the crudble: sand, 100 kilogrammes; deutoxide of lead, 100 
xilogrinunes; sul^rbonate of potash, 30 kilogrammes. This composition gives a very white flint- 
gl^ of a density of from 3.5 to 3.6, and which is perfectly suitable for opticians. 

The details of the operation are as follows: The crucible is to be heated in a special furnace kept 
for the purpose, and when at a white heat it is to be introduced in the usual manner into the melt- 
ing-farnace, which has been brought to the same temperature. This operation cools the furnace and 
thecmdble. The furnace must be reheated in order to bring it to the highest possible temperature 
before introducing the materials. This takes about three hours. The throat of the crucible, which 
htt been closed with two stoppers to prevent the entrance of smoke, is then opened, and about 10 
kilogrammes introduced; one hour after, about 20 kilogrammes more; then, two hours after, 40 
kilogrammes. Each time the crucible must be reclosed with the greatest care, and nothing must be 
put in until the coal on the grate ceases to give out any smoke. At the end of from 8 to 10 hours 
the whole of the composition will have been introduced. The crucible is left without being opened 
for about 4 hours; then the stoppers are removed for the purpose of introducing the cylinder of fire- 
day, which has b^ heated separately to a white heat in the same furnace, and kept at that tem¬ 
perature until placed in the crucible; care is to be taken to keep it perfectly clean and free from 
Mhes. At this period the flint-glass is melted, but it still contains bubbles. Nevertheless, the bent 
iron bar is introduced into the cylinder, and the first stirring is given, which serves to coat the cylin- 
^r with glass, and to effect a more intimate mixture. In about 3 minutes the iron bar is white-hot; 
it is taken out, and the ledm of the cylinder is placed on the edge of the crucible. This cylinder, 
hong specifically lighter than the glass, floats slightly inclined, because its upper ledge is outside 
of the glass. The two stoppers are so replaced as not to push the ledge of the cylinder into the 
^ the stirring up of the fire is recommenced. Five hours afterwaid a fresh stirring up with 
^ ringle iron bar takes place, the glass is already well refined, and then from hour to hour there is a 
each time with a single iron bar; great care being taken that at each stirring there shall be 
BO smjke in the furnace, and that the lower doors of the furnace are closed. After having thus 
^ ft iron bars, from 26 to 80 centimetres in thickness of coal is thrown on the grate, which forms 
B mass quickly reduced to coke, and which allows the furnace to cool without exposing the grate 
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uncovered. The various openings of the furnace are unclosed; the whole furnace and the cnidble 
thus gradually and slowly cool. This operation tends to cause the bubbles which are not yet dis¬ 
engaged to rise to the surface. At the end of two hours this operation is finished, and the ^maoe 
is again brought to the melting heat. After five hours of the highest temperature, the glass has re¬ 
sumed its greatest fluidity, the bubbles have disappeared, the grates are completely closed below, 
and the great stirring {ftrassage) commences; that is to say, as soon as one iron bar is hot, another 
is substituted for it, and so on for about two hours. At the end of this time the material has 
acquired a certain consistence, and the stirring is not executed without difficulty; then the last iron 
bar is taken out, and the cylinder is removed from the crucible, which is very carefully closed, as 
well as the chimneys and opening, except a small hole of two centimetres to permit the escape of 
the gas which may have remained in the fuel. When the disengagement of gas ceases, the furnace 
is entirely closed, and it is suffered to cool, which takes about 8 days. The door of the furnace is 
then removed, and the crucible with its contents taken out, usually in a single mass, except some 
fragments which become detached round it. The only object now is to make use of this mass and 
these fragments, the mode of doing which we will explain directly, after having given the details of 
the operation for crown-glass, which, as may be supposed, has a great analogy with the preceding. 

Manufadure of Crown-Glaa ,—After many experiments, the following composition is found to be 
the best: white sand, 120 kilogrammes; subcarl^nate of potash, 86 kilogrammes; subcarbonate of 
soda, 20 kilogrammes; chalk, 16 kilogrammes; arsenic, 1 Idlogramme. 

The crucible having been placed in the furnace, as for flint-glass, the introduction of all the 
materials is to be completed in about 8 hours, 4 or 6 hours after which the cylinder is to be intro¬ 
duced, and the first stirring takes place; then, every 2 hours, a stirring with a single iron bar; 6 are 
to be executed in this way. The furnace is to cool very slowly for 2 hours, after which it is to be 
reheated for 7 hours, this glass regaining its heat with much more difficulty than flint-glass. The 
great stirring then takes place, which lasts about an hour and a quarter. The crucible, the chimneys, 
and the openings are closed as for flint-glass, and the whole is left to cool. Parallel faces are made 
on the sides of the mass, whether of flint- or crown-glass, in order to examine the interior to deter¬ 
mine the mode of division. It is then sawed into slices. Faces are also polished on the fragments 
for the purpose of examining them, and disks are made of them in accordance with their weight. 
For this purpose, they are first heated in a furnace and then introduced into a muffie, where only the 
heat necessary to mould them is given. If the fragment is irregular, it is partially rounded by the 
nippers and then moulded in a press, after which it is annealed. 

Crystal .—This glass is sometimes termed flint-glass in England. It is chiefly notable as contain¬ 
ing lead, the presence of which renders the glass more fusible and of higher refracting power, while 
giving to it a special sonority which renders it easily distinguishable. The following table shows the 
composition of various kinds of crystal glass, according to Peligot: 
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Baccarat crystal. 
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Cbolsy-le-Kol crystal.. 
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English crystal. 
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English cnstal (Faraday's analysis). 

61.9 

83.8 
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Moulded English cry8t:U. 

61.8 

22.8 

7.1 

7.’5 
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In large French establishments the usual composition of crystal is: sand, 800 parts; minium, 
240 to 250; potash, 190 to 200. In England the following composition is used: sand, 800; minium, 
160 to 180; potash, 220 to 270. For the manufacture of this glass into various objects, see Glass¬ 
ware, MANUyACTURE OF. 

Demir Crystal .—This is a variety of glass largely used for vials, flasks, and cheap tableware. 
Peligot, among various compositions, gives the following: sand well washed, 800 parts ; soda, puri¬ 
fied and hydrated, from 66° to 60°, 130 parts; slacked lime, 60 parts. 

Bohemian Class .—This celebrated glass is almost as cheap as demi-crystal, while it is as brilliant 
and homogeneous as crystal itself. Peligot gives the following analyses of three samples: 


NUMBER. 
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Potash. 

Lime. 

Alomiaa aad 
Oxide of Iron. 

Tolala 

1 

77 

14 
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1 

100 1 

2 

76 

16 
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1 

100 

8 

76 

18 

9 

8 

100 j 


The following is the composition used at the glass-works near Gratzen, Bohemia: pulverized 
quartz, 100 parts; slacked lime, 17; carbonate of potash, 82; oxide of manganese, 1; white arsenic, 
3 ; together with from one-third to one-half the weight of the foregoing composition in glass scrap. 

Slag-Class .—^The use of blast-furnace slag for the manufacture of glass has been proposed by Mr. 
Bashley Britten (see Engineering, xxii., 283). The slag is run directly into Siemens furnaces. Two 
of these furnaces are so provided that they can be rclined or repair^ alternately without stopping 
work. In working, these converting tanks are kept supplied with silica in excess; this may be in the 
usual form of sand, but flints, coarse sifted gravel, or fragments of quartz or any other silicious 
stone, are to be preferred when readily obtainable, as they form a more permeable mass, and are 
readily dissolved in contact with the basic slag. It is convenient that the fresh supplies of silica 
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dKrold be introduced when no slag is running, in order that it may become heated in the interval to 
tToid chilling the slag when it is Emitted; as the slag is introduced it is fed by a hopper or other 
metna with the alkali. No stirring or mechanical agitation is needed, as the ingredients mingle of 
themselves; and, as they combine and become glass, this, being of a denser nature than the crude 
materials, sinks below them and forms a substratum of clear glass, with the yet imperfect glass and 
nndissolved silica floating on its surface. The clear glass, as it is wanted, is tapped from the bottom 
of the tank, and received in a ladle holding a ton or more. This ladle is lift^ by a crane, and is 
drawn along a tramway to the glass-house, situate as near as circumstances permit; when brought 
oppoate to the opening at the b^k of the working-out furnaces, the ladle is tilted on its trunnions, 
ind the glass is poured into the tank by a spout. The glass can then be used at once as it is, or its 
color or other quality may be changed by adding to it what is needed for that purpose. 

The BaOie Toughmed Olasa ,—By the process of tempering devised by M. de la Bastie, the hard¬ 
ness of glass is very much increased. The operation consists in immersing the hot glass in a bath 
of oils, grease, wax, or resinous substance, the temperature of which is above that of boiling water. 
Harden^ glara will stand blows of about double the energy of those which will shatter ordinary 
glass of similar thickness. Its resistance to shearing stress is about three times that of common 
glass. On rupture, however, it disaggregates.. It may be etched with hydrofluoric acid, or engraved 
with the sand-blast, without becoming impaired in point of strength. It cannot be cut with a dia¬ 
mond, as the removal of a portion determines the rupture of the entire piece. It is in use for photo¬ 
graphic negatives, articles of table furniture, and lamp-chinmeys, and has withstood the action of a 
oopd furnace at wlute heat for several days. The furnaces used by M. de la Bastie are described 
under Fubhacxs, Glass. (See Popular Science Monthly^ vii., 658. For tests of tempered glass, see 
8eienti/U American^ xxxii., 402.) 

Colored and Ornamented Glaaa. —Colored glass is produced either upon strass for imitations of 
precioas stones, or by introducing the various oxides used for coloring into the materials of flint or 
other kinds of glass. In the latter case the coloring matter is thorougUy fused with the glass, which 
therefore becomes colored throughout its entire b<^y. Pigments are also applied to the surface of 
gbas, and sometimes by their greater fusibility are burnt or melted in. Flin^lass may be employed 
for vessels ornamented with colors, and to 6 cwt. of it the following ingredients are added for produo- 
mg the respective colors: soft white enamel, 24 lbs. arsenic, 6 lbs. antimony; hard white enamel, 
200 lbs. potty, prepared from tin and lead; blue transparent glass, 2 lbs. oxide of cobalt; azure- 
blue, about 6 lbs. oxide of copper; ruby-red, 4 oz. oxide of gold ; amethyst or purple, 20 lbs. oxide 
of manganese; common orange, 12 lbs. iron ore and 4 lbs. manganese; emerald-green, 12 lbs. cop¬ 
per scal» and 12 lbs. iron ore; gold topaz color, 3 lbs. oxide of uranium. The colors produced by 
the metallic oxides are found to vary with the degree of heat employed. All the colors of the spec¬ 
trum may be obtained with oxide of iron; and these various effects do not seem to depend upon the 
dif^rent degrees of oxidation, but are thought to result from variations in molecular arrangement, 
induced perhaps by the action of light. By another process the surface alone of the glass may be 
colored. This is done by first gathering with the blowpipe a lump of clear glass, which after being 
rolled upon the marver is dipp<^ into a pot of melted colored glass, forming a lump of colorless 
glass enveloped in a coating of colored glass. This is blown into a globe or cylinder and opened out 
into a sheet or plate in the usual manner, one surface of which is clear and the other colored. Ves¬ 
sels of various kinds having colored surfaces on the outside may be produced in a similar manner. 
By catting through the thin layer of colored glass to the colorless layer, a great variety of colored 
ornamental glass may be produced. By gathering first a lump of colored glass and then coating this 
with melted dear glass, the external surface of the vessel will be colorless and the inner layer 
ttlored. ** Oasing ** is a somewhat similar process. The article of flint-glass when partially blown 
b inierted into a thin shell of colored glass, prepared at the same time for its reception, and the 
blowing b continued till the inner one fills the shell, with which it is afterward well incorporated by 
softening in the furnace and further blowing. Several partial casings of different colors may be 
thus applied. 

In making etdied enameled glass, the enamel substance is ^und to an impalpable powder, and 
laid with a brush in a pasty state upon the glass. After the paste is dried, the ornament is etched 
oat by machinery or by hand, and the glass is then softened till the enamel is vitrified and incorpora¬ 
ted with it From this it is removed to the annealing-kiln. The flocked variety of enameled glass 
b prepared by the same method, except that a fine, smooth, opaque surface, like satin, much softer 
foA smoother than that of ground glass, is previously given to the whole surface before the enamel 
b applied. This variety has in great part supplanted the other, and is justly much admired for the 
softening of the light diffused through it, and for the delicacy and beauty of the elaborate and artis¬ 
tic designs wHh wMch it is ornamented. 

Work* for Reference, —Among the most valuable treatises on the subject of glass are Curiosities 
of Glass-Making,*’ by Apsley Pellatt (London, 1849), and “ Guide du Verrier,” by G. Bontemps 
(Paris, 1888), both of these authors having been for many years extensively engaged in the manufac- 
hire of glass. Among other works are those of Neri, “ The Art of Glass ” (translated, London, 
1862); Shaw, “The ^cmistry of Porcelain, Glass, and Pottery” (London, 1887); Henry Chance, 
**0n the Manufacture of Crown and Sheet Glass,” London, 1866, and “On the Manufacture of 
Glass,” 1868; Pcligot, “L’Art de la Verrerie,” Paris, 1862; Turgan, “ Les grandes Usines de 
France,” Paris, 1862-*70; Cochin, “La Manufacture des Glaces de Saint-Gobain de 1665 k 1866,” 
Paris, 1S66; Gaffield, “Action of Sunlight on Glass,” reprinted from the “American Journal of 
Sdence and Arts,” New Haven, 1867 ; Sauzay, “ I-.a Verrerie,” Paris, 1868, and “Wonders of Glass- 
Making in all Ag^” London and New York, 1870; and “Rapports du Jury International ” of the 
Paris Universal Exposition of 1867, voL cxi. (Paris, 1868). See also “Le Verre, son Histoire et sa 
Fabrication,” Pcligot, Paris, 1877. 
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GLASS, ORNAMENTATION OF. The Venetians and Bohemians have long been celebrated for 
their skill and ingenuity in the production of ornamented glass. Examples of their handiwork are 
given in Figs. 2180 and 2181, Fig. 2180 representing a Venetian bottle, and Fig. 2181 a Bohemian 
drinking-glass. Many ingenious effects produced are imitations of ancient manufacture, of which 
many wonderful specimens are preserved in European museums. The process of drawing out tubes 
is an interesting oi\e. The workman, having gathered a lump of glass on the end of a blow-pipe, ex- 
pands it into a globular form with very thick walls. Another workman having attached a punty to the 
opposite end, the two men separate from each other as quickly as possible, thus elongating the glass 
into a tube. The globe imm^iately contracts across the centre, which, being drawn out to the size of 
the tube desired, cools, so that the hotter and softer portions next yield in their dimensions, and so on 
until a tube of 100 feet or more hangs between the men. It is kept constantly rotating in the hands, 
and is straightened as it cools and sets by placing it on the ground. It is cut into suitable lengths 
while hot by taking hold of it with cold tongs. The diameter of the bore retains its proportion to the 
thickness of the gl^s; hence thin tubes must be drawn 
from globes blown to large size, or from small ones 
containing very little metal. In producing canes the 
glass is drawn out without being blown. Tubes thus 
drawn out from colored glass are converted into beads 
by other curious processes. This branch of the man¬ 
ufacture is extensively practised at Murano. The 

S180. 


tubes are drawn out 160 feet in length, and to the diameter of a goose-quill, those for the smallest 
beads by the workmen receding from each other at a pretty rapid trot. The tubes are cut into 
lengths of about 27 inches and assorted for size and color. Women or boys then take several 
together in the left hand, and run them on the face of an anvil up to a certain measure, and with a 
blunt steel edge break off the ends all of the same length, which is commonly about twice the diam¬ 
eter of the tubes; the bits fall into a box. These are next worked about in a moistened mixture of 
wood-ashes and sand, with which the cylindrical pieces become filled; and they are then introduced 
with more sand into a hollow cylindrical vessel, which is placed in a furnace and made to revolve. 
The glass softens, but the paste within the bits prevents their sides from being compressed; they 
become spherical, and their edges are smoothed and polished by the friction. When taken from the 
fire and cleaned from the sand, they are ready to be put up for the market. 

The Venetian filigree glaxe, which consists of spirally-twisted white and colored enamel glasses 
cased in transparent glass, is much used for the stems of wine-glasses, goblets, etc.; and when ar¬ 
ranged side by side in alternate colors, it is manufactured into tazzas, vases, and other ornamental 
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tftidea. In making this kind of glass, pieces of plain, colored, or opaque white cane, of uniform 
leogUi, are arranged on end, the dilFerent colors alternating, around the interior of a cjlindrical 
mould (Fig. 2182). The selection and arrangement of colors depend upon the taste of the manufac- 
torer. The mould and the pieces having b^n subjected to a moderate heat, a solid ball of trans¬ 
parent flint-glass, attached to the end of a blow-pipe or puntj, is placed within the mould, the vari- 
oui canes forming an external coating to the glass, to which they become welded. The ball is now 
taken from the mould, reheated, and manrered till 

the adhering canes are rolled into one uniform mass. 218S. 

This being corered with a gathering of clear glass, 
the lumps thus formed, with the ornamental work 
in the interior, may be drawn into canes of any size, 
and presenting either the natural or the spiral ar¬ 
rangement, the latter being effected by the work¬ 
men rotating the glass in opposite directions while, 
drawing it out into a cane. By variously arranging 
the col^ in this process, and by skillful manipu- 
latkms, many wonderful and ingenious effects are 
produced. Beautiful vases are also made by the 
above process, the glass when prepared being blown 
into that form instead of being drawn into canes. 

The ndUe^Jhri consists of a variety of ends of va- 
riooslj-oolored tubes, cot in the form of lozenges, 
vbkh, having been arranged to represent flowers or other ornamental design, are enveloped and 
massed together with transparent glass. The lump is then worked into the required form, a very 
common one being hemispherical for use as paper weights. Portraits and even watches and barome¬ 
ters have been represent^ in the interior of glass; but in this case these articles and the glass have 
Bot fonned a homogeneous mass, the former being arranged in a cavity of the latter. 

iTusaic gloMi is produced by arranging vertically side by side thread or small canes of variously- 
colored opaque or transparent glass, of uniform lengths, so that the ends shall form a ground repre- 
MBting flowers, arabesques, or any mosaic design. This mass is now submitted to a heat suffident 
to fuse the whole, all the sides at the same time being pressed together so as to exclude the air from 
the interstices of the threads. The result is a homogeneous solid cane or cylinder, which, being cut 
at right angles or laterally, yields a number of layers or copies of the same uniform design. This 
process was practised with great skill by the ancients, who are supposed to have produced pictures in 
this way; but in existing specimens, the pieces have been so accurately united, by intense heat or 
otherwise, that the junctures cannot even be discovered by a powerful magnifying glass. 

Vitro M irino represents fine lace-work with intersecting lines of wlute enamel or transparent 
glass, forming a series of diamond-shaped sections, each containing an air-bubble of uniform size. 
In making this, a lump of glass is blown in a mould, around the inner sides of which are arranged 
pieces of canes of the required colors, as described in the case of filigree glass, which, adhering to 
the glass, form ribs or flutes on its external surface. The lump, having been twisted to give the 
spiral arrangement to the adhering canes, is formed into a conical shape and opened at the base. 
This forms the inner case of the vitro di irino. A corresponding outer case is formed in the same 
manner, which being turned inside out, the projecting canes appear on the inside of the cup with a 
reversed spiral arrangement. One case is now placed within the other, and both being reheated are 
ooUapsed together, forming uniform air-bubbles between each white enamel-crossed section. The 
two cases, thus welded into one, may be formed into the bowl of a wine-glass or other vessel. 

FrotUd gUu»^ like the preceding, is one of the few specimens of Venetian work not made by the 
ancients; and although the process of making it is exceedingly simple, it was considered a lost art 
until recently practised at the Falcon Glass Works in England. The appearance of irregularly- 
veined, marble-like projecting dislocations, with intervening fissures, is produced by immersing the 
hot gl^ in cold water, quickly withdrawing it, reheating the ball of glass, and simultaneously ex¬ 
panding it by blovring. 

Cnnw inerugtaUan is also of modem origin, having been first introduced by the Bohemians The 
figure intended for incrustation must be made of materials requiring a higher degree of heat for 
their fusion than the glass to be used. The figure, having been heated, is introduced into a cylindri- 
caUhaped piece of glass, attached at one end to a blow-pipe and open at the other. The open end 
is then do^d, leaving the figure in the interior of the hollow pocket. The air is now exhausted 
through the hollow tube, which produces a collapse and causes the glass and figure to form into a 
homogeneous moss. In making ** paper weights,** thin sections of little ornamented rods are placed 
in a areolar iron mould or bed, in the form of the required design. A workman presses a piece of 
hot glass on the end of a punty into the mould and takes up the design. Then another workman 
drops a piece of hot glass on the opposite side of the design. The whole is now taken to the fur- 
nso^ where the parts are welded into a hemispherical form, which magnifies the interior design and 
preieiita a fine picture inclosed within the transparent setting. 

In making gpun glaUy the workman heats one end of a tube of glass, white or colored, by the 
fisme of a lamp, ai^, seizing the softened end with a pair of pincers, draws out a long thread. Ow¬ 
ing to the extreme ductility of glass, these threads can be drawn to an extraordinary fineness and 
ki^th. In some cas^ spun glass hu been made to imitate the hair of animals. 

Craelde-glau {verre eraqu^) is clear glass covered with an opaque layer of powdered or broken 
glass, producing a rough surface. This kind of glass is largely made in Bohemia. The broken glass 
k spn^ upon an iron plate, and the object to which it is to adhere is, while yet pasty, rolled upon 
the fragme^ The or^nary blowing process follows. 
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AveniuriM gUua is a very beautiful imitation of the quartz of that name. It is yellowish in 
color, and through it are interspersed immense numbers of brilliant tetrahedric crystals of copper, 
protoxide of copper, or the silicate of that oxide. When polished, this glass is often set in precious 
metal for jewelry. The crystals are produced in the glass while it is yet liquid. As copper, iron, 
and tin exist among the numerous elements which compose glass, it is probable that this crystalliea* 
tion is attributable to the reduction of the copper oxide by the last-mentioned metals. 

Chrome averUurine is made of sand, carbonate of soda, lime-spar, and bichromate of potash. It 
contains from 6 to 7 per cent, of oxide of chromiiun, about half of which is combined with the glass, 
giving it a beautiful greenish color, and the remainder exists dispersed throughout the material in 
the form of brilliant crystals. This glass is also used for jewelry. 

Faeie, or strassy which is used to imitate diamonds, and which constitutes all the cheap gems known 
under a multiplicity of sensational names intended to delude the ignorant, is a superior quality of 
lead-glass, of the following composition, according to Dumas: silex, 88.2; oxide of lead, 58; potash, 
7.8; alumina, 1; borax and arsenic acid, traces; .total, 100. These are about the same ingredients 
as enter into the fabrication of crystal. It is very soft, and is easily cut or scratched by other varie¬ 
ties of glass. Its distinguishing characteristic is remarkable brilliancy. To convert clear paste into 
imitations of gems other than the diamond, metallic oxides are added. Thus the artificial topaz con¬ 
sists of 1,000 parts white strass, 40 parts antimony glass, and 1 part purple of Cassius; ru6y, the 
.same, but heated longer and containing a little more gold; emeraldy 1,000 parts white strass, 8 oxide 
of copper, and .2 part oxide of chromium; zapphirCy 1,000 parts strass and 16 oxide of cobalt; 
amethysty 1,000 parts strass, 8 oxide of manganese, 1 oxide of cobalt, and 2 purple of Cassius. 

01^ pearlz are largely manufactured in Venice, under the name of raztodee or rocaUIeZy in the 
same manner as alrei^y described for beads. Very beautiful imitation pearls called baroguea are 
made in Paris, of exceedingly thin glass lined with gelatine and a nacreous matter obtained from 
fish-scales. 

Olasz Moeaies ,—^To make mosaic pictures in glass, small cubes of enamel are used. In the Vatican 
factories in Rome this material is produced in upward of 26,000 different shades. The work is 
begun by the designer, who traces on pasteboard in colors the design to be reproduced. The mosaic- 
setter then fills a shallow tray of lead, of the same size as the cartoon, with plaster, and draws the 
design in outline on the surface of the latter. The plaster is then gradually removed bit by bit, and 
the pieces of enamel which match the colors on the design are insei^ in its place, the hollows being 
previously covered with moistened sand of a greasy nature produced from a volcanic earth found on 
Vesuvius. Where the cubes of enamel have to turn comers, they are ground to fit on a steel disk 
supplied with emery and water. When the cubes are all set in place, a sheet of paper or cloth is 
pasted over their surface, care being taken that all are caused to adhere. The lead tray is then 
reversed, the earth backing removed, and a mortar composed of Roman cement, lime, and pozzuolana 
is applied. When this sets, the enamel cubes are solidly fixed, and it only remains to wash off the 
paper or remove the cloth, and insert the mosaic in its frame or in the wall which it is to decorate. 

Cutting and Engraving of OUuz ,—^Four kinds of grinding-wheels are used in glass-cutting: 1, a 
wheel of wrought or soft cast-iron; 2, a wheel of sandstone; 8, a wooden wheel; and 4, a cork 
wheel. In France, where this operation is carried to the greatest degree of perfection, a so-called 

company of cutters ” includes three workmen, namely, the fbaueheury taiUeury and potiszeury or 
designer, cutter, and polisher. The designer is usually the chief of the company. He prepares the 
desig^n, and roughs it out on the object by means of the iron wheel, which is rotated either by a foot- 
treadle or by a motor. The wheel is mounted vertically, and is surmounted by a conical hopper 
filled with sand and water nearly in the state of mud. This falls upon the wheel, and is entrained 
by its rotation. The designer applies the object to the wheel, so that the friction of the sand grinds 
away the surface at the desired points. The object now passes to the cutter, who in his turn pre- 
sents the piece to the sandstone wheel, which smooths away the asperities left by the sand. Finally 
the object goes to the polisher, who finishes its surface by application of the wooden wheel and 
pumice powder, and lastly of the cork wheel and colcothar. 

The wheels employed by the cutters are quite large, often measuring 20 inches in diameter and 
over. Those used by engravers, on the contrary, are small, rarely exo^ing an inch or two, and 
decreasing down to minute disks scarcely larger than the head of a pin. These wheels are of steel, 
copper, sandstone, and an alloy of lead and tin. Emery powder is used in a very fine state, and the 
lathe is operated by the foot of the workman. This mode of engraving has been largely supplanted, 
especially for coarse work, by the use of the sand-blast. (See Sand-Blast.) 

8tain^ Olazz. —Glass-painting, which is more properly a process of staining, differs from all other 
styles of pictorial art, except the painting of porcelain. The colors are different, being wholly of 
mineral composition, and are not merely laid on the outside, but fixed by being fus^ into the mate¬ 
rial, undergoing in the operation chemical changes that develop the brilliancy and transparency 
of which the compounds are susceptible. The colors are mixed with a flux of much easier fusion 
than the glass, and with some vehicle, as boiled oil or spirits of turpentine. The mixture is usually 
laid on with a brush as in ordinary painting; and the glass being then exposed to heat, the flux 
melts and sinks into the body. None of the clear bright colors are perceived until the work is com¬ 
pleted, and the artist consequently labors under great disadvantage in applying the materials that 
are to produce them. He is guided either by lines drawn on the back side, which show through, or 
by a cartoon or drawing on paper placed there. In the early use of stained glass for windows, es¬ 
pecially in churches, brilliant colors were highly esteemed, and great success was attained in Uie 
methods of coloring. A bright-red color was imparted by the ancients with the protoxide of copper. 
In later times it was found impracticable to succeed with this on account of the tendency of the 
oopper to pass to a peroxide and produce a green tinge; but the practice has been again introduced 
with success by the Tyne Company in England, at Choisy in France, and in other places. The dhi- 
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eorery of the preparation of gold and tin, called pnrple of Cassias, also afforded another means of 
producing a brilliant red. 

The process of producing a painted glass window is an interesting one. The artist first makes 
m outline on a small scale of the stonework of the window, within which he sketches the design, 
isdiciting the colors to be used and the general treatment of the subject. A full-sized drawing or 
cvtoon is next made, from which a ** cutting drawing is traced, showing the lines where the strips 
of letd are to go, and omitting all other details. On this latter drawing, on which the colors of the 
design are indicted bj outlines, the pieces of differenteolored glass are laid and cut with a diamond, 
each piece bdng cut out of that particular color or tint required. The artist now arranges the pieces 
of different colors in their proper places on the cartoon, and traces the outline of the design upon 
them. On being heated in an oren, the opaque lines vitrify and are formed indelibly on the surface 
of the glass. After the outlines have been thus ** burnt ** on, the glass is taken again to the painter, 
who covers the cartoon with a sheet of colorless glass, or if large a portion of it at a time. Thus 
haring the cartoon for a guide, he arranges in their proper places on the sheet of colorless glass the 
pieces on whi<di the outlines have been traced, and secures them firmly with drops of melt^ resin 
lad beeswax, or other suitable substance. The sheet of colorless glass, with the pieces thus ar- 
langed adhering to it, is placed upon an easel, and the shadows of the picture are put on with the 
same material as that used in tracing the outlines. The shading, however, is not traced from the 
cartoon, as were the outlines, but is done by the skill and experience of the painter. When the 
shading Is completed, and the tints of yellow, if any are required, are put on, the pieces of glass are 
detach^ from the colorless sheet and again subjected to heat, for the purpose of burning in the 
shadows. If more work by the painter is required, the process is repeated, the glass being thus 
sobjec^ to heat in some instances six or seven times. The work of the painter being completed, 
the finished pieces are taken by the ** leader,” who, having arranged them by the aid of the ** cutting 
drawing” so as to form the entire design, fastens them together by means of stripe of grooved lead 
skfllfolly fitted around the edges of the several pieces. If the window is a large one, as is generally 
the case, it is divided into parts of convenient size, which are fitted together when the window is put 
in hs place. Bars of iron are also sometimes placed across the window at the line of junction and 
at ochtt convenient intervals. This general process of producing mosaic stained-glass windows has 
been in use from the earliest times, though it may have been modified in some of its details; and 
BBtil some other method of imparting colors to glass without detracting from its transparency and 
brilEmcy is discovered, the opaque lead lines in the design must be accepted as a necessity. 

Oft GUm .—^^s operation is performed by the same means as the similar operations on 
pottery; with the difference, however, that as vitreous products are much more fusible than ceramic 
materials, the proportions of vehicles to be added to the gold or to the coloring oxides are much 
greater. 

Anew process of gilding by M. Dodon is thus given by the Moniteur de la CSramique; Gold, 
chemically pure, is dissolved in aqua regia (1 part nitric and 3 parts hydrochloric acid). The solu- 
tioQ effet^ed, the excess of adds is evaporated on a water-bath till crystallization of the chloride of 
gold takes place; h is then taken off and diluted with distilled water of such quantity as to make a 
Ration containing 1 gramme of gold to 200 cubic centimetres of liquid; a solution of caustic soda 
is then added until the liquid exhibits an alkaline reaction. The solution of gold is now ready for 
reduction. As a redudng agent an alcoholic solution of conunon illuminating gas is used, prepared 
by Bmply attaching a rubber tube to a gas-jet and passing the current of gas for about an hour 
through a quart of alcohol. This liquid (which should be kept in a closed vessel) is added in quan¬ 
tities of from 2 to 3 cubic centimetres to 200 cubic centimetres of the alkaline solution of gold 
before mentioned; the liquid soon begins to turn to a dark-green color, and at length produces the 
metalfie layer of gold of Imown reflecting power. As an improvement on the process, as well as for 
oonrenience in executing it, there may be added to the alcoholic solution of gas an equal quantity of 
gljoerine (28“ to 30“ B.) previously diluted with its own volume of distilled water. If the gold em- 
p%€d is an alloy, the foreign metals must in all cases be first removed ; and especially the least 
traces of silver, because the very smallest quantity of this metal totally prevents the regular and 
ootfonn deposition of the gold. 

Jriimeml Olan, as manufactured under the patent of Mr. Thomas W. Webb, is produced as fol¬ 
lows : Chloride of tin or tin salt is burned in a furnace, and the glass, having an affinity for it when 
bot, receives the fumes, and so at once an iridescent surface is produced. To give greater depth to 
the color or tints, nitrate of barium and strontium is used in small proportions. Very remarkable 
effects of iridescence also are produced in glass by long burial in the earth, as is evidenced by the 
ooUeetioo of ancient Phoenician glass exhum^ in the island of Cyprus by General Di Cesnola. Long 
ttposore to ammoniacal vapors gives a somewhat similar result. 

Seetroplaiing af Olau. —Professor A. W. Wright has succeeded in depositing most beautiful films 
of gold, silver, pU^um, and bismuth on thin glass by electro-metallurgical means. For a descrip- 
tiou of this process, see Electro-icetallcrot. 

Farious applications of glass will be found under the following headings: For method of ruling 
^tts to produce diffraction-gratings, see Dividing Machines ; for its electrical uses, see Electrical 
Machinis, Static. As to cutting glass panes, see Diamond. 

GLASS-WARE, MANUFACTURE OF. The tools used by makers of glass-ware are few and 
tiinple, the various operatiems depending for success principally upon acquired dexterity, skill, and 
i«ig?nent The implements are represented in Fig. 2183. The first in importance is the pipe or blow- 
lag tobe, shown at 1, made of wrought-iron, 4 or 6 feet long, with a bore from a quarter of an inch 
to an inch in diameter, a little larger at the mouth end than at the other. It is a long hand, partly 
oorered with wood, with which, the end being heated red-hot, the workman reaches into the pot of 
Belted matter and gathers up the quantity he requires, and which afterward holds the article in the 
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manipulations to which he subjects it; and it is at the same time the air-tube through which the 
breath is forced to expand the yessel, or through which water is sometimes blown to produce the 
same effect by the steam it generates. A solid r^ of iron, called a punty or pontil, serves to receive 
the article upon its end when freed from the pipe, adhesion being secured by the softness of the 
glass or by a little red-hot lump already attach^ to the punty. Spring tonn (5), like sugar-tongs, 
are used to take up bits of melted glass; and a heavier pair, called pucellas furnished with broad 
but blunt blades, serve to give shape to the articles as the instrument in the right hand of the work¬ 
man is pressed upon their surface, while, seated upon his bench, he causes with his left hand the 
rod holding the article to roll up and down the two long iron arms of his seat, upon which it is laid 
horizontally before him. At the same time the vessel is also shaped from the interior as well, and 
is occasionally applied to the opening of the furnace to soften it entirely, or only in some part to 
which greater distention is given by blowing. The pucellas are sometimes provided with blades of 
wood, as at 4. Another important instrument is a pair of shears (SX with which a skillful workman 
will cut off with one clip the top of a wine-glass, as he twirls it round with the rod to which it is 
attached held in the left hand. The edge, softened in the fire, is then smoothed and polished. Be¬ 
sides these, a wooden utensil called a battledore (6) is employed, with which the glass is flattened by 
beating when necessary; compasses and calipers and a measure stick are at hand for measuring; and 
a slender rod of iron forked at one end is used to take up the articles, and carry them when shaped 
to the annealing-oven, in which they are left for some time to be tempered. The roarver (Fr. 
marbre, marble) is a smooth polished cast-iron slab, upon the surface of which the workman rolls 
the glaM at the end of his tube in order to give it a perfectly circular form. 

Wine^Olaatea .—The manufacture of goblets, tumblers, and similar articles of table-ware may be 
illustrated by describing how a wine-glass in three parts is made. The workman, having gathered 
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on the end of a blow-pipe the requisite amount of glass, as shown at 1. Fig. 2184, rolls it on the 
marverand expands it by blowing into the tube until it assumes the form shown at 2, and afterward, 
being flattened at the end with the battledore, that at 8. A lump of glass is now attached to the 
flat end of the bowl (4), which the workman with the pucellas, while rotating the pipe on the long 
arms of the chair in which he sits, transforms into the shape shown at 6. A globe is now attached 
to the end of this stem (6), which is afterward opened and flattened into the form represented at 7. 
A punty tipped with a small knob of hot glass is next stuck to the foot of the wine glass, which is 
severed from the blow-pipe at the dotted line shown at 8. The top of the glass is then trimmed 
with shears (9X after which it is flashed and finished as at 10. It is now severed from the end of 
the punty by a sharp blow, and carried by a boy to the annealing-oven on the end of a forked rod. 

Prened Glass ,—In the manufacture of articles by pressing, a hollow mould is used of steel or 
iron, with its interior surface so designed as to give the object the required shape and figuration. 
This mould may be in one piece or consist of several parts, which are opened when the moulded 
glass is taken out. The process will be illustrated by describing the production of a tumbler. A 
lump of glkss is gathered from the pot on the end of a punty by the ** gatherer,^’ and being held 
over the open mould, a sufficient quantity is cut off with a pair of scissors by another workman and 
drops into the mould. This is now pushed under a hand-press. Fig. 2186, and a smooth iron plun¬ 
ger is brought down into the mould with such force that the hot glass is made to fill the entire space 
between the inside of the mould and the plunger, whose size and shape are the same as those of the 
interior of the tumbler. The plunger being rais^ up, the mould is taken from the press and turned 
over, when the tumbler is made to drop out bottom side up. A punty with a piece of hot glass at 
one end is now attached to the bottom of the tumbler, which is heated at another furnace and 
smoothed by being skillfully rubbed with a wooden tool while rotated on the arms of the workman’s 
chair; after which it is taken on a fork to the annealing-oven. By this process articles can be pro- 
duced with a rapidity not attainable in the case of blown glass, and therefore with less cost; but the 
latter is generally preferred. 
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The coDStraction of a mould for large objects, such as decanters, is represented in Fig. 2186, and 
I sectioa of it in Fig. 2187. The bottom e and the sides a of the body form the lower and larger 
part of the mould, and are held together by screws; the upper smaller part consists of two halves, 
meeting in the line z z, which open after the fashion of a pair of tongs when turned upon the hinge 
i. That they may not be extended more than is necessary, the two wings are impeded by the plugs 
• fixed to the ring /. The worieman introduces the glass globe y, attached to the pipe, into the body 



of the mould, the nedr portion being thrown open, and blows with great force into the globe, as soon 
as the neck portion has been clos^ by an attendant, and fixed by the screw m (the female screw 
belonging to whidi projects at n). The glass is foit^ by the pressure against the sides of the 
monld, a^ extends in the form of a cap at 9 , above the margin, where the pipe is detached in the 
direction of z x. The cylinder A, and another similar one, more at the back, are intended for the 
insertion of wooden handles. Massive pieces, such as plates, are formed by pourin]^ melted glass 
between two plates of metal composing the mould, and the excess of glass is squeezed out from the 
crericea by applying weights to the mould. 

All articles of flint-glass, whether blown, m(fulde(!r, or pressed, require annealing previous to cutting 
or grinding. As they are frequently constructed of very different thickness, two kilns, which can be 
betted to different temperatures, are requisite; the larger and thicker pieces require that the kiln 
should be much hotter than is necessary for thinner pieces. These kilns are long, low buildings, 
ardied over on the top. TMvarious articles are all placed on sheet-iron trays. These trays are put 
into the kiln through the opraing in front, and are all connected together by hooks, by which means 
they cp be moved by a chain, worked by windlasa or similar machinery, to the farther end of the 
kil^ Ad are thus gn^ually withdrawn from the hottest part, and, having arrived at the farther 
extremity, are removed at a temperature little above that of the atmosphere. 

MonkM or pressed glass never exhibits its full amount of lustre, nor even the degree of sharpness 
of the metallic mould; the glass, which is never limpid in its liquid state, is first cooled by contact 
with the metallic 8 urf»», and is thus prevented from penetrating into the sharp comers of the 
mouU, nor does it even accommodate itself perfectly to the fiat sides. For this reason, the surface 
of moulded glass is not even, but always more or less curved, and the edges are not sharp ; but the 
vse of rnool^ as a preparatory step to grinding is of great advantage to the grinder, as the vessel 
acquires a perfectly regular form, and, although in a crude state, presents all the prominent and 
receding facets to perfected at the lathe. 

Botda .—In choosing ingredients for this kind of glass, economy is the chief object. The follow¬ 
ing examples are calculate for 100 lbs. of sand: For champagne bottles, according to Jahkel —200 
Iba feldspar,. 20 4bs. lime, 16 lbs. common salt, 126 lbs. iron slag; ordinary green bottle-glass—72 
lbs. lime, 278-280 lbs. lixiviated wood'ashes; English bottle-glass —100 lbs. lixiviated ashes, 40-90 
lha. kelp, SO-40 lbs. wood-ashes, 80-100 lbs. clay, 100 lbs. cullet. As soop as the working-holes 
are opened, the workman attaches as much melt^ glass to the end of a blow-pipe as he considers 
necessary for the production of a single bottle. By dipping the previously warmed pipe into the 
pot, a little glass remains attached; after turning this in the air before the hole until it is cooled, 
and blowing slightly into it to render it hollow, a fresh layer of glass may be attached to it in the 
pot; to this a third is added in the same manner, until the ball at the end of the pipe has accu¬ 
mulated to a sufiSdent size. That this ball may become uniformly tractable in the subs^uent form¬ 
ing, it is held by the workman in the flame of the furnace through the working-hole; it Is then 
bright into one of the round concavities of the marver (constructed either from a stone, mafrblc, or 
enst-iron plate), where the ball gradually assumes the form of a pear-shaped vessel. Fig. 2184. It 
foquirea this shape by the constant rotary motion given by the workman to the pipe, while the cool¬ 
ing and stiffening of the mass is rendered uniform by the marver, and it is prevent^ from shrinking 
Ingether by constantly blowing into the pipe with very little force. The mass of mct&l (metal is the 
l^chaical term applied to glass during working) most be equably distributed round the axis of the 
pipe, and advan^^ in front of its mouth, being connected with it only by a short neck. 

Thus far advanced, the glass has again become cool, and it is rewarm^ by insertion into the work- 
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ing-hole, in such a manner that the front part receives the chief portion of the heat and becomes the 
softer. The pear-shaped vessel is now lengthened by the blower, and its form is approached to that 
of a bottle by a threefold operation: by blowing into the tube with greater force, by swinging back¬ 
ward and forward in the manner of a pendulum, and by a simultaneous constant rotary motion of 
the pipe round its axis. The globular form, which the glass tends to assume under the influence of 
the blowing, is converted into a long thin egg-shape by the swinging motion. Fig. 2189. The rota¬ 
tion round the axis of the pipe is an essential part of every operation in glass-blowing. The glow¬ 
ing mass of glass creates a powerful current of air in an upward direction, and the lower portion 
becomes cooled in consequence much more than the upper. This naturally creates an inequality in 
the resistance offered to the blowing, and the upper portion would be more expanded than the lower 
if the cooling influence were not allowed to act upon all parts of the surface alike by the revolving 
motion of the pipe; and this is particularly the case when the pipe has to be held in a horizontal 
position. The mould a (a simple cylindrical hollow block of wo^ or iron) is placed at the side of 
the workman who is blowing the pear-shaped vessel; into this he inserts the vessel as soon as it has 
acquired the proper thickness, in the manner represented at Fig. 2190, and by blowing forcibly into 
the tube, he presses the glass firmly against the sides of the mould, while, by a kind of jerking mo¬ 
tion, the neck is drawn out to the proper length. The unfinished bottle is again warmed in the 
working-hole in such a manner that the lower part only is heated, while the other parts remain com¬ 
paratively cool. In the mean time, another, workman or a boy has attached a small quantity of glass 
to another pipe or rod of iron, called the tninly^ which is also kept hot in the working-hole. Both 
workmen now stand opposite to each other; and while the pipes are kept constantly turning, the 
punty is forcibly pressed against the middle of the lower part of the bottle, which is thus mrced 
inward, and an even edge is produced, upon which the bottle may stand steadily. The bottle remains 

for some moments between the two instru¬ 
ments, Fig. 2191, until, by the application 
of cold iron or a drop of water, the neck 
can be separated from the pipe. This sepa¬ 
ration is an operation of constant recurrence 
in the glass-house, and is effected by a sud¬ 
den change of temperature produced at the 
point of separation in the hardened glass, 
either by the cold application of a drop of 
water, or by the powerful heat of a red-hot 
iron or thread of liquid glass from the pot. 
The point of separation must often be re¬ 
heated in order to fly on the application of 
cold water. The bottle is now supported by 
the punty, as shown at a. Fig. 2191, so that 
the neck can be warmed, and the sharp edges 
melted round without softening the other 
parts. A rotating motion is now given to 
the red-hot neck, the pipe being rolled back¬ 
ward and forward upon the knees of the 
workman. The rim for strengthening the 
neck is formed from a drop of glass taken 
from the pot by the edge of the flask and 
wrapped round the mou& in the form of a 
thick thread. The bottle, which is now fin¬ 
ished, Fig. 2192, is immediately carried by the punty-rod to the annealing-oven by a boy, pushed into 
Its proper place, and the punty-rod is lastly detached from the bottom of the bottle by a sudden sharp 
jerlL The place where the punty was attached is perceptible in every bottle blown in thip manner 
by the sharp edges where the fracture occurred. 

Large round bottles are blown without the use of a mould; and when of very large size, like the 
carboys for sulphuric acid, the aid of steam is called in, by spurting a mouthful of water into the 
interior, and holding the mouth of the pipe with the thumb. 

Moulds are used of such construction as to secure the formation of a bottle, perfect both as 
regards form and capacity, at one single operation, without reliance upon the workman's correctness 
of sight. The use of moulds of this description, like that of Rickets, which is easily managed, 
affords a great saving of time, and renders the repeated heating of the bottles unnecessary. 

The mould consists of a body which forms the belly of the bottle and of four other parts, a fixed 
bottom-piece with a movable piston for forming the concavity, and two movable pieces for the ne<^. 
Two treadles set these differ^t parts in motion. As soon as the workman has introduced the 
hollow lengthened globe into the belly of the mould, by pressing with his foot upon the first treadle, 
he brings up the ncck-piece, then forces the glass into contact with all parts of the mould by a pow¬ 
erful blast, and finishes the bottle by working the second treadle, which forces the pestle against the 
bottom. On the removal of the pipe, the rim of the neck is all that remains to be perfected. 

Champagne bottles require to be made more than usually strong in consequence of the pressnre 
exerted by the carbonic acid inclosed within them, and they are particularly liable to fracture during 
the bottle-fermentation of the wine. Yet they will often withstand a pressure of 40 atmospheres 
and upward (= 600 lbs. on the square inch). 

Tht Manufeuitire of Mirrors. —Plate-glass has to undergo three operations before it is silvered. 
The first is smoothing. The rough plates are fastened with plaster upon a stone or cast-iron table. 
By means of a long beam of iron suspended from the ceiling and moved circularly, masses of wood 
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atUehed to said beam and faced with cast-iron are rubbed over the glass. On the surface of the 
latter coarse quartz sand is thrown and a constant fine stream of water is supplied. The coarse 
sand is subsequently replaced by a finer material, and this last by coarse emery. As soon as one 
lide of the glass is finished, the plate is turned* over and the other side similarly treated. Another 
method, largely used in France and England, consists in attaching the plates to a circular table of 
16 or 18 feet diameter, which is rotat^ about a central pivot Above the glass are placed heavy 
pUles of wood faced with cast-iron. These plates, which are rotated by motion imparted from the 
table, but in an opposite direction, have counterweights, so that their pressure upon the glass may 
be adjusted; by means of this double movement the operation is greatly expedited. Sand and emery 
ire interposed as already described. 

The second process is rubbing with fine emeiy, made into a paste with water, in order to remove 
6oe scratches. The glass rests on a table, and upon a wet cloth to prevent its sliding. Another 
plate of glass is deposited above it, and the two surfaces are thus rubbed together by suitable 
machinery. 

The third process is polishing, and this is done by means of colcothar or red peroxide of iron, in 
spore and fine state. The polishing apparatus is represented in Fig. 2198. The glass is fastened 


2198. 



to the movable tables which reciprocate in a direction relatively perpendicular to that of the 
brashes HU\ which reciprocate above and rub upon the glass. The brushes are moved by the 
geared mechanism shown. About 10 hours is required to polish about 60 superficial feet of gla^ 

The method of coating the plates is as follows: A large stone table, ground perfectly smooth, is 
■0 arranged as to be easily canted a little on one side by means of a screw set beneath it. Around 
the edges of the table is a groove, in which mercury may flow and drop from one comer into bowls. 
The table is first made perfectly horizontal, and then tin-foil is carefully laid over it, covering a 
greater space than the glass to be coated. A strip of glass is placed along each of three sides of the 
^ril to prevent the mercury from flowing off. The metal is then poured from ladles upon the foil 
till it is nearly a quarter of an inch deep, and its tendency to flow is checked by its aflSnity for the 
t^foil and the mechanical obstruction of the slips of glass. The plate of glass, cleaned with espe¬ 
cial care, is dexterously slid on from the open side, and its advancing edge is kept in the mercury, 
•0 that no air or floating oxide of the metal or other impurities can get between the glass and the 
dean surface of the mercury. When exactly in its place, it is held till one edge of the table has 
been elevated 10° or 12° and the superfluous mercury has run off. Heavy weights are placed on the 
glass, and it is left for several hours. It is then turned over and placed upon a frame, the side 
covered with the amalgam, which adheres to it, being uppermost. In this position the amalgam 
becomes hard, and the plate can then be set on edge; but for several weeks it is necessary to guard 
against turning it over, as until the amalgam is thoroughly dried the coating is easily injui^. 

Several serious difficulties attend this process. The health of the workmen is so affected by the 
hues of the mercury that they can rarely follow the business more than a few years; for this no 
ccoedy has been found so effectual as thorough ventilation and the frequent use of sulphur baths. 
The glass plates are liable to be broken by the weights placed upon them; and the coating of amal¬ 
gam is frequently spoiled by the drops of mercury removing portions of it as they trickle down, or 
bj its crystallizi^, or by mi^anical abrasion. Many methods of silvering have b^n contrived and 
patented with the view of obviating these defects, some of which are important. In 1856 a patent 
was granted in England to Tony Petitjean for a method of precipitating silver, gold, or platinum 
apoQ glass, so as to form a coating upon it, by the use of two solutions, the effect of which when 
mixed upon the glass is to decompose each other. The solutions he employed were different com- 
prands of ammonio-nitrate of silver, tartaric acid, and distilled water; and they were placed upon 
the plzte while this was at the temperature of 160° F. The precipitated silver within 20 minutes 
covered the glass, to which it adher^; and the solution being theiT turned off, all that remained to 
fomplete the mirror was to wash the surface, and when dry cover it with a coat of varnish to protect 
it from injury. The silvering thus obtained is not so white, and is rarely so free from blemishes, as 
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the amalgam coating. In 1849 Hr. Drayton made known a similar method, an improv^ent upon 
a process which he patented in 1848. He employed ammonia 1 oz., nitrate of silver 2 oz., water 8 
oz., and alcohol 3 oz.; these, being carefully mixed, were all allowed to stand a few hours, when to 
ea(^ ounce of the liquid was added an ounce of saccharine matter, as of grape-sugar, dissolved in 
equal portions of spirit and water. Liebig invented a method of coating gl^s with silver, in which, 
after the silver coating is laid on, it is covered with a coating of copper precipitated upon it by the 
galvanic current, or is protected by varnish. Silver mirrors are now extensively made in New York. 
For platinizing glass, IL Bottger recommends the following process: Pour rosemary oil upon the dry 
chloride of platinum in a porcelain dish, and knead it well until all parts are moistened; then rub 
this up with five times its weight of lavender oil, and leave the liquid a short time to clarify. The 
objects to be platinized are to be thinly coated with the preparation, and afterward heat^ for a 
few minutes in a muffle or over a Bunsen burner. The brilliancy of aluminum has caused the sug¬ 
gestion of its application to the coating of mirrors; but no successful experiments have yet been 
made with it for this purpose. 

Large mirrors are made in the United States by coating the imported plates. The old amalgama¬ 
tion method with tin-foil and mercury is preferred to any of the more recent inventions, by reason 
of the greater whiteness and brilliancy of the refiection and the greater permanence of the coating. 

GLUE. All animal tissues contain an adhesive substance which anatomists call kUtose^ in accord¬ 
ance with the name histology given to the study of the formation of these tissues. When they are 
boiled in water, the histose is changed into a new substance, called gelatine, dissolved in the water, 
from which it may be separated by simple evaporation, when it forms a dry, hard substance, which 
has different names corresponding with the various sources of its origin. That obtained from carti¬ 
lage is called chondrine ; from bones, hoofs, and hides, fflue; from the air-bladder and intestines of 
fishes, isinglass; and from the less tenacious and adhesive constituents of parchment scraps and 
some other animal membranes, 

The best kinds of ordinary glue are made from fresh bones, cleared of fat by previous boiling, and 
also ofPal obtained by trinunlng the skins for tanners. The pieces of dried skin thus obtain^ are 
called glue-pieces. The browner, commoner glue is made from offal from slaughter-houses, cattle- 
hoofs, etc. The skin-pieccs are soaked in milk of lime for three weeks, the lime being renewed 
every week. They are then put in layers, on a sloping pavement, to drain and dry, and turned over 
three times a day. They are afterward soaked in weak lime-water, and washed in baskets under a 
stream of water. They are then drained and exposed to the air, so as to enable the adhering lime 
to absorb carbonic acid from the atmosphere, and thus lose its caustic properties, which would de¬ 
stroy part of the glue during the subsequent boiling. If the glue is to be used as gelatine for culi- 
naiy purposes, only perfectly cleaned, fresh bones are used. Calf-bones give a milky glue; those of 
the hog produce a blackish foam which mixes in the solution; while the product from those of the 
sheep retains always the peculiar odor of the fat of this animal Beef-bones are preferred, giving a 
perfectly transparent glue, sold under the name of gelatine or isinglass. The materials (bones, 
skins, etc.) are placed in a flat copper boiler, upon a perforated false bottom, placed at a little dis¬ 
tance over the Attorn of the boiler, so as to prevent the solid material from touching the shell, when 
it would stick fast and be burned. The boiler is filled two-thirds with water, and heat is applied. 
In a few hours, after stirring repeatedly, the liquid is drawn off in successive portions, as soon as it 
is perceived that a sample taken out gelatinizes in cooling. Experience has taught that too long 
boiling injures the glue. The test for this cooled gelatinized material is, that it must be fit to be 
cut in slices with a wire. Before drawing off the solution the fire is diminished, so as to stop the 
boiling and allow the liquid to clarify by settling. It is then drawn into a deep boiler, where it 
settles for the second time, remaining hot from five to six hours. 

The principal improvements in glue-making devised by Mr. Peter Cooper consist in the use of 
steam-heating of the vessels, and the application of heat under pressure, by which more glue is ex¬ 
tracted in a much shorter period of time and with great saving of fuel; and the production of an 
opaque porous isinglass, made in winter only, when the frost, by expanding the water in the act of 
freeting, separates the glue particles. Being subsequently dried in the frozen state, they keep their 
spongy appearance, making them much more easily soluble, and thus better adapted for culinary 
purposes. Another improvement is the addition of Paris white (fine chalk) to the glue used by 
cabinet-makers. It has the following advantages; 1. It improves the adhesive qualities. 2. It 
makes the glue look more white, and thus gives to a browner glue the lighter appearance of a more 
expensive quality. 8. It is a pecuniary gain, since a substance costing only 8 or 4 cents per pound 
is added to one costing 30 or 40 cents. 

Glue is also made from leather offal and old leather, by means of the action of 16 per cent, of 
hydrated lime and water in closed vessels, at a tem]>erature of 260*" F., and consequently two atmo¬ 
spheres pressure. In this way the leather is completely decomposed. Its principal constituents 
being tannic acid combined with gelatine, the lime ^es hold of the tannic add, forming tannate of 
lime, while the gelatine is set free and dissolves in the water. 

The strongest glue is that which is purest and which gelatinizes most completely. Good glue, 
properly prepared and well applied, will unite pieces of wood with a degree of strength which leaves 
nothing to be desired. The fibres of the hardest and toughest wood will tear asunder before the 
glued surfaces will separate, and certainly anything more than this would be unnecessary. Mr. 
Bevan found that when two cylinders of dry ash, each an inch and a half in diameter, were glued 
together, and then tom asunder after a lapse of 24 hours, it required a force of 1,260 lbs. to sep¬ 
arate them, and consequently the force of adhesion was equal to 716 lbs. per square inch. From a 
subsequent experiment on solid glue he found that its cohesion is equal to 4,000 lbs. per square inch. 

The precautions necessary in applying glue are, to secure perfect contact of the parts, and to delay 
gelatinization of the glue until the joint has been completed. The glue should therefore be used 
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vhUe rerj hot, as hot as it will bear, and in very cold weather the wood itself should be warmed. 
The glue should be well rubbed in with a stiff brush, and the two surfaces should be rubbed well 
toge&er and retained in contact under great pressure until the glue has become somewhat dry. 
Complete dryness rarely takes place under several days; but after the lapse of 12 hours the joint 
becomes tolerably strong. A joint made in this way is probably as strong as can be made by any 
ordinary process. 

Various modes of keeping glue in a liquid state are employed. The addition of a little nitric acid 
(10 oz. of strong add to 2 lbs. of dry glue dissolved in water) will prevent the glue from gelatinizi^ 
or becoming solid; and the further addition of a little vinegar, or rather of pyroligneous add, will 
prevent it from moulding. It has been proposed to add sulphate or chloride of zinc to common glue 
for the purpose of keeping it liquid. A solution of shellac in alcohol has been used and highly ex¬ 
tolled as a substitute for common glue. It forms a tolerable liquid cement, but is far inferior to glue. 

Marme glue^ which possesses extraordinary adhesive properties, is a preparation of caoutchouc 
dissolved in naphtha or oil of turpentine, with the addition of shellac after the solution has by stand¬ 
ing several days acquired the consistence of cream. Two or three parts by weight of shellac are 
0^ for one of the solution. 

GOLD-BEATING. The art of preparing what is well known under the name of gold leaf^ in 
whidi gold is hammered or beaten into plates, whose average thickness at the present day may be 
taken at Tr h zrs of an inch. 

To maniifacture toM leaf, the metal is required in theory to be in a state of purity. All alloy is at 
the expense of mafieability. But in practice this is rarely if ever attained, and the usual fineness is 
that of coin, which in France and the United States is 90 per cent.; in Great Britain, 91| per cent.; 
and in Bavaria, where the principal amount of gold-beatii^ in Germany is done, 97per cent. fine. 
In France it was stated about 1820 that the most approved practice was to mix equal parts of old 
Spanish coin and pure gold, which would result in an average proportion of 95^ per cent. fine. 
Below 75 per cent fine, the manufacture would be, in labor and waste, a losing business. 

The principal aim of alloying, when it is done of design, seems to he the production of a variety 
of color—silver making the leaf pale, copper deepening the tint. These effects are more particularly 
nodeed in the article i^OTS; they are similar in the leaf as in the more solid masses; only in tho 
state of tenuity, the green and purple tinge is more easily excited and more vividly displayed. What¬ 
ever may be the chanuster and degree of alloy, the manipulations of the gold-beater are the same in 
kind, and will be now briefly described. 

1. Coiting ,—^The metal is placed, with a little borax to promote fusion, in a black-lead crucible, or 
erodbles, and set in a furnace. When perfectly melted, it is poured into cast-iron moulds, 8 or 4 
inches long, three-quarters of an inch wide, and about half an inch deep, and holding each about 
1,000 grains of metal. These moulds are made with faces a little concave, to allow the cast to draw 
easily; and before pouring, they are heated, and rubbed with linseed oil or tallow on the inside, to 
drive off moisture and promote an easy separation. When sufficiently cool, the ingot is taken out, 
tnd reheated in an open fire, or a small annealing-furnace, by which it is softened, and the adhering 
grease driven off. 

2. Laminating. —^In older times this was effected entirely by the hand-hammer; now a flatting- 
mill or laminating rolls are employed. The French still use, however, a preliminary forging upon a 
steel anvil (of 3-inch by 4-inch sides), with a hammer of about 3 lbs. weight. The face of this 
hammer is about 1-^ inch square, and its handle about 6^ inches. With this they bring down the 
thickness of the ingot to one-sixth or one-seventh of an incL The English perform the whole of the 
operation in the rolls. As the success of the work and the excellence of the leaf ultimately depend 
a good deal upon the uniformity of the lamination, care is taken to use a proper and accurate ma- 
eldne. These machines have been successively improved, until now there is little if anything left to 
be desired. During the hardening processes of lamination and forging, if the latter be employed, 
the ribbon has to ^ frequently annealed, to prevent cracking. Formerly the lamination was thought 
srificieQt whidi had brought the thickness down to one-twenty-fifth of an inch, with a width of one 
iadi; and the balance was done by band, cutting the ribbon into lengths of 1| inch, piling 24 of the 
lengths evenly together, and forging them all at once till they came square. This is the practice 
with some of the French and German gold-beaters to this day; but others, having access to more 
perfect machinery, continue its application to the lamination until the thickness is brought to about 
rb of an inch. As dimensions like this cease to be appreciable, the degree of lamination is esti¬ 
mated by weight; and the direction usually is, to bring it down until a square inch of ribbon weighs 
5^ grains. In this state it is ready for the heating proper. 

3. Beaidng .—The implements and fixtures for this are, an anvil, hammers, skins, shears, parting- 
knives, etc. The anvil is a block of marble, weighing 250 or 800 lbs. or more, at pleasure, with a 
isoe of 9 indies to 1 foot square, carefully made even and smooth. This is set in a frame of wood¬ 
work, strong and solid, and upon a firm foundation. A ledge, 5 or 6 inches high, runs round three 
iides of the frame; to the remaining side an apron of leather is attached, wlrich is lifted by the 
workman. The object of all this is to catch and retain fragments of the precious metaL The 
iammm are, ordinarily, four in number, varying in weight. Their faces are f^om 3 to 6 inches in 
<iianieter, and slightly convex. The weight of the first or flat hammer is about 16 lbs.; the second 
(wfaidi the Fren^ term the commencing hammer) weighs from 6 to 8 lbs.; the third, or spreading 
ImnuDer, with a smaller face, and more convex, weighs about 6 lbs. only; and the last, or finishing 
hammer, is again a heavy one of 10 or 12 lbs., with quite a convex face. The skins are of parch- 
jnent and vellum and the intestine already spoken of, cut, the two former into squares of about 4 
inches, and the last of 6 inches. Besides these, there are packing-boxes, also of parchment, made 
on a fonn, and cemented together, open at two opposite ends, and in pairs, so that one will slip into 
Ihe other, by which the open ends are closed. The knives are pieces of cane, set into a frame, both 
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four-square and crucifomi, with sharpened edges that divide the attenuated leaf better than anj 
other implement, by pressure downward only. When the leaf becomes very thin, any other motion 
would drag it. 

Provided with these and other tools that do not require special mention, the workman lays off the 
ribbon, which comes from the laminating as nearly as possible one inch in width, into lengths also 
of one inch. This he does with dividers or a scale, and cuts off afterward with shears. This is on 
the supposition that the rolling has been uniform, and equal surfaces therefore should give equal 
weights. He then arranges these squares into piles of generally 150 pieces, la3riDg each leaf on a 
piece of the vellum before spoken of, as near as may be in the centre, with their ^ges even. About 
twenty extra vellums are placed on top and at bottom, and the pack is then of proper size to be 
pushed smoothly into one of the parchment envelopes, which is then in its turn pushed into its mate, 
and the whole tW inclosed on all four sides. The pack is then laid on the marble anvil, and beaten 
until the small gold leaf is extended to the size of the vellum. It is in the judicious uniformity of 
direction and force of the blows that the skill of the workman is displayed. Great dexterity is, in 
fact, attained; the hammer is shifted from hand to hand for relief without interfering with the 
regularity of the stroke; and when it is recollected that the absolute effect of the average hammer 
with the average blow is equivalent to the steady pressure of about 2,800 lbs. on the square inch, 
there will be seen to be need for discretion in the application of such a force. 

During the beating, the pack is frequently turned, so as to beat on the bottom as well as the top 
(as a skillful workman will do without losing the stroke), and also folded or rolled in the hand, to 
secure a proper detachment of the surfaces. It is also opened from time to time to watch the effect, 
and shift the leaves from the centre to the outsides, that the pressure may be uniform. When the 
gold has hcen extended to the size of the vellums, about sixteen times its original dimensions, it is 
taken out, cut up into four squares, repacked as before, only with gold-beaters’ skin instead of 
vellum, and beaten over until similarly extended again. The caution of folding the pack to loosen 
the leaves is even more necessary now than before, and so of opening and shifting. When it has 
attained the size of the skins, it is removed, parted into squares again, but this time with the cane, 
repacked, and rebeaten as before into leaves of 8 to inches square. It is estimated that the 
aggregate surface of the leaves is now 192 times larger than it was originally; and their thickness 
may be taken at TWinn? uich, which is about the average of English gold leaf, and corresponds 
to an extension of about 100 square feet to the ounce. But the operation is frequently carried 
further by repeated beatings, till an ounce is extended over 160 square feet, corresponding to a cal¬ 
culated thickness of f inWtF of an inch nearly. The French gold-beaters claim—and their statement 
of weight worked on and number of leaves produced warrants the claim—to carry it down ordinarily 
much further than this; and our statement at the beginning of vTr u t r TTH of an inch is probably even 
within the average result, and much within the possible limits, of malleability, if these were, without 
regard to expense of time and waste of metal, the only points to be reached. 

The French workmen are also very precise in the number of pieces, both of leaf and of baudruche 
and vellum, which go to the packs in each of the five several steps that comprise their beating. As 
the fruit of experience, no doubt, they have ascertained the number which best suits the respective 
implements. The Elnglish and Germans pack in different numbers, it may be supposed with the 
same reason; but the principles of the operation are in all the same. 

When the leaf is considered as finished, the last thing is to put it in the square books, such as we 
see in commerce. These are made of smooth paper, frequently reddish-colored, on purpose to 
heighten the lustre of the gold, and well rubbed with Armenian bole to prevent adhesion. There 
are two sizes, one about 4^, the other 8f inches square. The pack, withdrawn from its parchment 
envelopes, is held by one of its angles; and, with a pair of wooden pliers, each leaf is withdrawn, 
and laid, aided by the breath, upon a leathern cushion, where, with the cane knives, it is parted at 
once or successively into four pieces, the size of the bwk. These pieces are then similarly trans¬ 
ferred to the book, each between separate leaves. The book bolds, very uniformly, 26 leaves of 
gold. When filled, it is pressed hard with a piece of wood of its own size, so as to bring its edges 
dose ; and with a piece of linen any projecting pieces of gold leaf are readily wiped off. Afterward 
the b^ks are put up in packages of a dozen ordinarily, for sale. The French artists allow between 
8 and 4 days for finishing 4 oz. of gold. They estimate the loss in trimming, waste leaves, etc., at 
60 per cent, and consider the remaining 2 oz. (964.6 grains English) as yielding 12,600 leaves of 
the smallest size; but there is no authentic experiment of weighings and measurings in this respect 

The parchment employed is used as it comes from the manufacturer, only cutting out of the sheets 
those parts, of suitable size, which are softest and of most uniform thickness. The ve//vm, which is 
produced of the finest and softest, is not further treated than by well washing it in cold water, dry¬ 
ing it in the air under a press, and then powdering it with finely calcined and reduced selenite. 
Whether the implement used for this has any special influence will not be aflSrmed or denied; but 
the uniform practice, in France at least, is to use a harde /oof. 

The preparation of gold-beaters' skin, from the colon of the oz, has been already spoken of as a 
secret maintained by the few who furnish the article. Whatever their processes may be, the gold¬ 
beater is accustomed to test and treat it still further for himself. Thus, he first stoeals it, by placing 
it between a fold of foolscap; making a pile of many piece^ he treats it to a hearty hammering 
until it ceases to give out any grease to the paper. Next, he moistens it with an infusion of nutmeg, 
cinnamon, or other spicy aromatics, with the view of preserving it, dries it in the air, moistens again 
as often as he secs fit, and finally dries and presses it for use. Since the introduction of creosote, 
this (as well as may be judged from the odor of some recent skins) has been applied, and no doubt 
more effectually. After the skins have served some time (some 70 or 80 beatings, for instance), 
they become inspissated, or wiry, or both, and no longer allow the proper extension of the gold. 
This may be cured by laying them a half day between leaves of paper wetted with Rhenish or 
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Moeelle wine, or ercn vinegar and water. When thoroughly moistened, they are placed between 
layers of parchment, enveloped, and beaten until dry. This beating frequently takes a whole day. 
They are then powdered with selenite, and fit for use. While yet fresh, the skins are very liable to 
be affected by mixture, which they absorb from the atmosphere. They must be, therefore, always 
dried before using, which in France is done by heat in a screw-press. Care is taken not to desiccate 
too much, which withers and causes them to crack under the hammer. 

The methods which have been described here are also applicable in their measure to silver, copper, 
and platinum. ^ 

A sort of gold leaf, called party gold Uaf^ is sometimes used, made with a combination of gold and 
silver. Separate leaves are taken of these metals, the silver being about three times as thick as the 
gold, heated and laminated together, so as to produce an alloy or welding of their surfaces. The 
resulting party-colored ribbon is then beaten as if it were all of gold. Its extensibility is, of course, 
not so great. There is another false toM leaf, which is better known as Dutch gold leaf. It is, in 
fact, a ribbon of brass, wash-gilded, sheared into leaves, and then beaten in the manner, and with 
more or less of the precautions, that have been described. When new, it is difficult to be distin¬ 
guished from true gold leaf; but it is soon tarnished by the air, and is unfit for any gilding that is 
not to be varnished. 

GONIOMETER. An instrument for measuring angles, and more particularly the angles formed 
by the faces of crystals. The instrument, chiefly used by mineralogists, was invented by Dr. Wol¬ 
laston. It consists of a brass circle graduated on the edge, and furnished with a vernier, by which 
the divisions may be read correct to a minute. The circle moves in a vertical plane, and is supported 
on a stand. The axis of the circle is a hollow tube, within which is a smaller axis, fitting so tightly 
that when turned round it carries the other axis, and consequently the wheel, along with it, unless 
the latter is prevented from moving. The interior axis is furnished with a milled he^ A, fig. 2194, 
and the exterior with a milled head B ; so that when the head A is held and turned, the circle may 
be moved independently of the smaller axis; and when B is held and A turned, 
the smaller axis may be turned independently of the circle. Attached to the 
end of the smaller axis is a sort of universal joint, capable of being fixed in 
different positions by means of screws. The crystal to ^ examined is attached 
to the joint at C by a little soft wax, and placed so that its edge shall be par¬ 
allel to the axis of motion; which adjustment is obtained by placing it so that 
the image of some horizontal object, as the bar of a window, successively 
reflected from the two faces of the crystal, coincides with another horizontal 
line seen by direct vision. When this adjustment has been made, the instru¬ 
ment is turned till the horizontal object is seen reflected from one of the 
faces. The smaller axis is then held fast, and the other turned till the index 
of the vernier points to the zero of the graduated limb. The circle is then 
tamed round, along with the smaller axis, till the same object is seen in the 
lame poeiUon by reflection from the other face of the crystal; when the arc 
passed through by the circle is obviously the supplement of the angle formed by the two faces of the 
crystaL In order, however, to avoid calculation, the supplements of the angles are marked on the 
limb, so that the angle to be measured is read off immediately. 

The name goniometer is also applied to a surveying instrument, somewhat similar to a theodolite. 

GOUGEL See Lathe-Tools, Turning. 

GOVERNORS. The ordinary steam-engine governor consists of two heavy balls suspended by 
links from a spindle, forming a combination known as the conical pendulum, and caused to revolve 
by some connection wi^ the shaft of the engine. A conical pendulum, if there is no friction In the 
joints of the rods, stands in a position corresponding to the speed at which it is running. The 
height of the pendulum is the vertical distance of the vertex of the cone formed by the links, or the 
linln produced, above the plane of the centres of the balls; and this height, which detennines the posi¬ 
tion of the balls, is equal to the following expression, when there is no friction in the joints, or other 

. 86,208 

reiiBtanoe: ;-r—:-:——^ If, for example, the number of revolutions per minute is 100, 

(revolutions per minute» 

the height is 86,208 10,000, or about 8 J inches. The following table, calculated by Mr. Oharles 

T. Porter, gives ^e speeds corresponding to various heights: 


21!M. 



f HBOHT IN 

1 INCHES. 

Rtrolutlooi per 
Mioate. 

HF.IOHT IN 
INXHES. 

Rcrolatloiu p«r 
Minut«. 

HEIGHT IN 
INCHES. 

ReToIatioDi p«r 
MiouU. 

HEir.HT IN 
INCHES. 

Rflvoliitioot par 
MIduU. 

1 ! 

187.5 

7.5 

68.5 

14 

50.1 

20.5 

41.4 

1.5 

154.1 

8 

66.8 

14.5 

49.2 

1 21 

40.9 

8 

182.6 

8.5 

64.8 

15 

4s.4 

21.5 

40 4 

1 « 6 

118.6 

9 

62.5 

15.5 

47.6 

22 

40 

8 

108.8 

1 9.5 

60.8 

16 

46.9 

, 22.5 

39.5 

8.5 

100.3 

10 

50.3 

16.5 

46.2 

1 28 

39.1 

4 

VS.8 

10.5 

57.9 , 

17 

45.5 

23.5 

88.7 

4 5 

88.4 i 

11 

56.5 

17.5 

44.8 

‘ 24 

88.3 

5 1 

68.3 

! 11.5 

W.8 

18 

44.2 

24.6 

87.9 

5.5 

80 

12 

54.1 

18.5 

48.6 

25 

37.5 

6 ' 

76.5 

12.5 

1 58 

19 

4:^ 

2.5.5 

37 1 

i 65 

73.6 

18 

1 52 

19.5 

42.5 

26 

.36.8 


70.3 

18.5 

1 51 

20 

41.9 1 




The actual height at which the balls revolve, in practice, is ordinarily much greater than that given 
A the preceding table—^partly for the reason that there is some friction in the joints, but principally 
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because a weight or some other resistance is added, to increase the height. The advantage of thia 
addition can readily be shown. The object of a steam-engine governor is to act on the throttle-valve 
or cut-off mechanism in such a manner, that when the load of the engine is increased more steam 
will be furnished, and when the load is diminished the supply of steam will also be cut off to a 
corresponding extent By reference to the table, it will be seen that for a given change in the speed 
of the governor the change in the position of the balls is much greater as the height of the pendulum 
increases; so the effect of increasing this height is to render the governor more sensitive. There 
are various devices for increasing the height corresponding to a given speed; but the general prin¬ 
ciple upon which they act is essentially the same as in Porter’s governor. Fig. 2196, which is prob¬ 
ably in more extensive use than any other form. It will be seen that the balls of the governor art 
comparatively light, and that they are connected to a heavy central weight by levers of the same 
length as those connecting them to the spindle. If such a governor is revolving freely, the height 


will be to the hdght of an ordinaiy pendulum governor as 1 is to 


B 


; in which expression W 


is the central weight, and B the weight of the two balls. Thus, if the weight of the balls is 100 lbs., 
and the central weight is 600 lbs., the height of this governor at any given speed is 11 times the 
hei^t of an ordinary pendulum governor. Pickering’s governor, Fig. 2196, acts on the same general 



principle as Porter’s, but the position of the balls is controlled by springs of a peculiar form, instead 
of by weights. These two governors may be considered as representative of the best modem prats 
tice in regard to pendulum governors, although there are various modifications introduced by other 
makers, of more or less value. 

The governors that have been described are position governors; that is, they regulate an engine 
by continually changing from one position to another, alternately increasing the spe^ of the endne 
and diminishing it, within a given range. In the case of governors similar to Porter’s and Picker¬ 
ing’s, the action is very similar to that of isochronous governors, which have the same height for all 
spl^s, and so can remain without action on the controlling mechanism at one speed only. Isochro¬ 
nous pendulum governors are commonly made with rods having flexible ends hung to curved guides 
in the form of evolutes of a parabola, so that as the balls rise they describe parabolic arcs. The 
balls themselves are sometimes guided by parabolic arcs as they rise. The manner of designing such 
governors is explained in the Setmtijie American for Dec. 26, 1874. 

The Huntoon governor, practically isochronous in its action, and representative of another class of 
governors, is represented in Figs. 2197 to 2199, and is thus described by a writer in the Polytechnic 
Beview for Sept. 16, 1876: 

“The corrugated cylinder ri, Figs. 2198 and 2199, is filled to about two-thirds of its capadty with 
oil. On the inside, at the ends and on the periphery, are eight ribs, and between them intermediate 
ones on the periphery only. Inside of the cylinder is the paddle-wheel B^ having six blades, and 
which, as shown in Fig. 2199, has but slight clearance in passing the ribs. The shaft or spindle of 
the paddle-wheel passes through a stuffing-box and a journal-bearing in the housing or frame, and 
carries the flanged pulley shown in Fig. 2197. Into the other head of the cylinder is screwed a stiid 
which forms the journal for that end, and carries the pinion 7>, which gears into and gives motion 
to the segment E, Outside of the pinion is the scroll-wheel C, over which passes the flat-link chain, 
carrying the weights shown in Fig. 2197. The segment E vibrates the rock-shaft, to which is at¬ 
tached a short arm for lifting the valve, where the governor is of the throttle form. When the gov¬ 
ernor is to be applied directly to the cut-off, the long arms In Fig. 2197 are used. • 


Digitized by v^ooole 





GOVERNORS. 


63 


**The action is as follows: The flanged pulley, being driven by belt from the main shaft of the en¬ 
gine, revolves the paddle-wheel B. As the oil in the cylinder offers a resistance to this motion, from 
being held by the riba, the tendency is to carry the cylinder around with it. The weighted chain on 
the wheel C prevents this until the velocity of the paddle-wheel has reached such a point that the 
friction or resistance offered by the oil overcomes the inertia of the weight, when the cylinder also 
beginB to revolve, and the pinion i>, moving the segment closes the valve, and the speed is re- 
du^ when the weights agun bring the cylinder back to its original position. The operation is 
very quick, as may be demonstrated as foUows: The paddle-wheel, making about 200 revolutions 
per minute, will not revolve the cylinder, as the friction of the oil is not si^cient to overcome the 
resistance of the weight; but 
an increase of a very few rev¬ 
olutions on the sp^ of the 
piddles will instantly move 
the cylinder of nearly the same 
vdody. Now, as ^e slight¬ 
est motion of the cylinder is 
imparted to the valve, and as 
about two revolutions of the 
former will entirely close the 
latter, it is evident that the 
slightest increase of speed of 
the engine must cause the 
prompt closing of the valve. 

“The power which the gov¬ 
ernor is capable of developing 
may be thus demonstrated: 

Let P represent the power re¬ 
ceived from the resistance of 
the on to the motion of the paddles; D the radius of the pinion, E of the segment; JR the rock- 
shaft aim; W the resistance offered by the valve; C the radius of the cylinder. Then P x (C —D) 
X (A— f?) = W, Take, for illustration, a cylinder 8 inches diameter, with a pinion (^) 1 inch diam¬ 
eter; radius of segment (E) 12 inches to pitch-line of teeth; rock-shaft arm for raising valve, 1 
inch; power transmitted to cylinder, 16 lbs. Then 16 x (4 — .6) x (12— 1) = 677.6 lbs. actual 
power applied to valve.” 

When a governor regulates an engine by acting on the throttle, it is important that the valve 
should be properly designed. Many governors that were otherwise properly proportioned have 
failed on account of faulty valves. 1^ designing a governor, the object to be fulfilled is that, with a 
given variation in speed, the two extreme positions of the governor shall correspond to a complete 
ck^ure of the throttle and its opening to the fullest extent; and the governor should be sufficiently 
powerful to readily overcome all resistance to motion. While rules can be given for the approximate 
determination of these conditions, it is only by careful experiment that they can be exactly settled; 
and the best governors in the market are the result of practical tests by their manufacturers. 
Some examples of ordinary and novel forms of governors are appended. 

Fig. 2200 is an example of the original form of the governor as introduced by Watt. The distin¬ 
guishing peculiarity of this form consists in the connecting-links, e c, being situated overhead^ and 
attached to the arms a a by prolongations of the latter, which pass through a square part of the 
upright spindle A, to which they are both jointed by one pin. '^^en at rest the balls are usually 
received into arms g g, curved to suit their surfaces, by wUch means the rods are relieved from all 
unnecessary strain. 

Fig. 2201 is a representation of a centrifugal governor, adapted to a small high-pressure crank- 
overhead engine. In this species of engine the governor is usually made to revolve in a short column 
B, cast in a piece with a forked bracket embracing the crank-shaft, and its spindle A A is driven by 
a pair of bevel-wheels from the crank-shaft. The spindle is surmounted by a double brass socket 6, 
attached to it by means of a pin; and to this socket are jointed the arms a a, which, as well as the 
connecting-links e c, are in this example finished in the lathe. The sliding brass socket cf, to which 
the lower ends of the links e e are connected, is formed with a groove, into which is inserted the 
forked end of a lever D, having its centre of motion in a small wrought-iron column bolted to an 
arm projecting from the column B. From the opposite end of this lever depends the slender rod e, 
connecting it immediately with the throttle-valve lever, which by this simple construction is at once 
made to rise or fall, as the balls collapse or diverge in obedience to the varying speed of the engine. 

Fig. 2202 is an example of an arrangement of the pendulum governor sometimes adopted in 
hjghly^nisbed engines. The peculiarity of this form consists in the connecting-rod e being attached 
dii^y to the sli^ng socket <f, without the intervention of the forked lever. For this purpose the 
upper portion of the spindle A A is bored out truly cylindrical, to a point somewhat below the range 
of the sliding socket d. This last il attached by means of a cotter to a small cylindrical hollow piece, 
which fits accurately into the interior of the spindle, and is consequently made to rise and fall with 
the socket a long slot being formed in the spindle to allow the cotter to traverse up and down. 
The lower end of the rod e is jointed to this interior piece by means of a swivel, so as to rise and fall 
with it, without being affected by its rotatory motioq. At the top of the governor-spindle, the rod 
«is gaided in its motion by being made to pass through the small brass vase which surmounts the 
whole apparatus; and should it be required to be of any considerable length, the necessary rigidity 
n>uy be imparted by fixing a weight to it, as shown in the figure. 

In the governor represented in Fig. ^203, the vertical spindle A A, which may be set in motion 
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either by a pulley or by bevel-wheels in the usual manner, is surmounted by two equal horizontal 
arms a a, furnished with stops at their extremities. The governor-balls run freely to and fro upon 
these arms by means of internal friction-rollers, and are drawn toward the common centre in the 
spindle by means of cords or steel ribbons i t, passing over two pulleys at and attached at 
their lower ends to the sliding collar d, in which works the forked end of the lever J) 2>, which 
conveys the action of the governor to the throttle-valve. A spiral spring embracing the vertical 
spindle presses at its lower extremity against the sliding collar (/, and its pressure is regulated by a 
sliding stop A, which can be fixed at any required elevation upon the spindle by a set-screw, ^e 
stop h having been set so as to cause the spring to press down the collar d with any approved force, 
and the throttle-valve opened to any required extent, the engine is set in motion. Should its speed 
exceed the stipulated rate, the increased centrifugal force will cause the two balls to diverge, and, 
raising the collar d, will partially close the throttle-valve and diminish the supply of steam, when, 
the motion being checked, the spring will press down the collar and cause the balls to collapse 
until the desired rate of motion is obtained. The degree of force exerted by the spring will always 
require to be adjusted to suit the nature of the work thrown upon the engine, because a small quan¬ 
tity of steam only will be required when the work is light, and a larger quantity when it is heavy. 
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while the speed should in each case be the same; which conditions can be fulfilled with great facility 
and admirable precision by the use of this kind of governor. 

Fig. 2204 represents a simple and compact modification of the centrifugal governor. Here the 
balls, instead of being suspended upon arms of a length proportioned to the velocity at which the 
engine is required to move, are fitted to traverse from and toward their common centre in the 
spindle A, upon the arms H which revolve with the latter, and are formed into circular arcs of a 
curvature determined by the same circumstances with the length of the suspending arms in the ordi- 
nary governor. By this means it is obvious that the horizontal plane of the rotation of the balls will 
vary with the varying speed of the engine, in precisely the same way as in the conical pendulum 
governor; and the vertical motion thus generated is transferred directly to the sliding socket 
which commands the throttle-valve lever. For this purpose, it is necessary that each of the balls 
should be made in halves and riveted together with a wrought-iron pin, as shown in the section. Fig. 
2204 ; a space being left between the hemispheres to admit of the slotted arms a a, which are cast 
in a piece with the sliding socket d, and through which the connecting-pins are fitted to pass freely, 
but without allowing any play. 

Another variety of the centrifugal governor is represented in Figs. 2206 and 2206; the former 
being a sectional elevation, and the latter a plan of a governor constructed by M. Bourdon of Paris, 
the peculiarity of which consists in the axis of rotation being horizontal instead of vertical. The 
main advantage proposed to be attained by this system is the more convenient transmission of the 
motion of the prime mover, whether by wheel-work or by pulleys. The principle of its action is the 
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game as that of the common governor. The spindle .d Is of cast-iron, the part to the left being 
boUoir, while the middle portion is formed into a species of open framework, inclosing the principal 
part of the mechanism. It revolves in ordinary plumber-blocks B and is set in motion by tho 
oooe^ley C. The arms a a, which carry the governor-balls, are supported upon a short axis work¬ 
ing on the points of two steel pins, screwed into the central part of the spindle and secured by jam- 
Dots ; this axis carries also a toothed sector e, working into a similar sector upon another short axis 
to which is fixed a lever d; the slender connecting-rods Jy, traversing the hollow part of the spindle, 
and supported by the guides 
iri, genre to convey the mo¬ 
tion of this lever to the throt- 
tle-Talre gear, which is pro- 
Tided with suitable arrange¬ 
ments for adjusting the ac- 
fion of the governor upon the 
throttle-valve. 

The object of the arrange¬ 
ment, Fi^ 2207, 2208, and 
2209, is to ring a bell, and 
to indicate upon a dial the 
Tebdtj of rotation of mill- 
ftonea. This mechanism con¬ 
sists of a vertical wrought- 
iron axis A A, revolving in 
bearings B B, bolted to the wall of the mill, and carrying toward its upper extremity a pulley C 
which receives motion from the main driving-shaft. To this axis is fixed a brass socket 6, to which 
are jointed the two flat arms a a, terminate by the governor-balls, and attached, about the mid¬ 
dle of their length, by the two double links c c, to the sliding socket d, made in halves and con¬ 
nected together by two small bolts. To this latter are alw attached the two slender vertical 
rods e e, which traverse the pulley C, and convey the action of the governor to a sliding disk D, 
provided with a projecting arm or catch, of such length as to come into contact, should the machinery 
exceed or fall short of its proper speed, with either of the two levers //, which have their common 
centre of motion in a short vertical axis, and are attached at their opposite ends by slender wires to 
two sockets mounted upon a horizontal axis JS; each of these sockets carries a bell, which, by the 
trrangement described, is rung when the catch on the disk D strikes either of the levers //. To 
the sliding socket d is fixed a forked rod, having one of its branches formed into teeth like a rack: 
this rack gears into a small pinion. Fig. 2209, carrying upon its axis an index, which points out upon 
the graduated dial F the speed at which the millstones are revolving. Thus, should the velocity of 
the prime mover relax, the vertical axis A partaking of this diminished motion, the balls collapse, 
the sod[et d is pressed downward, and the rack causes the index to move from right to left. The 
opposite effect is produced by an increase of the speed (these different positions being indicated by 
t^ dotted lines in the figure). At the same time the bell is sounded by the apparatus which sur¬ 
mounts the governor; and the attendant, by a glance at the dial, is made aware of the change in the 
velocity of the machinery, for which he has to compensate by altering the degree of proximity of 
dm upper and lower stones. It is well known that the action of the governor is in no way affected 
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bj the weight of the balls, further than that these should be made of a size proportionate to the 
rtssUace to be overcome; accordingly, in the case now before us, the work which the governor is 
dssrined to perform being very slight, the balls may be made of extreme lightness. 

The air-re$ervoir or bdUnm governor is an apparatus of French ori^, a patent having been granted 
to the inventor, M. Molini4 of Saint-Pons, in 1838. The principle on which its action depends con- 
nsta in causing the engine to force.a quantity of atmospheric air into a reservoir with a movable 
cover through which the air escapes, the aperture being so regulated by an adjustable valve that it 
65 
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shall only escape at a given rate. Should the speed of the engine exceed or fall short of the pre* 
scribed limit, the air is forced into the reservoir faster in the one case and slower in the other than 
it can escape through the valve; consequently the movable cover is raised or depressed, and, by 
means of suitable connections, partially closes or opens the throttle-valve. The advantages proposed 
by this system are: first, greater regularity and steadiness of action than is attainable by the com¬ 
mon governor, combined with equal delicacy; and secondly, a more considerable range or amount 
of motion available for the purpose of regulation. 

Fig. 2210 is an external elevation, Fig. 2211 a sectional elevation (on a plane at right angles to 
the former), and Figs. 2212 and 2213 sectional plans of this apparatus. The working parts are in¬ 
closed within a cylindrical vessel, the sole being formed of a cast-iron disk Ay supported upon four 
small columns a a, and the cover of a cast-iron capital or cornice C; these are Imund together by 
the four pilasters £ By having recesses formed on their edges for the reception of cylindrical sheet- 
iron panels, which thus admit of being removed at pleasure when it is necessary to examine or 
repair the internal parts. In Figs. 2210 and 2211 these panels are shown partially removed. Two 
small wrought-iron columns D 2> are also fixed to the sole-plate, and serve to support a cylindrical 
cast-iron vessel Ey the bottom plate of which is provided with two apertures guarded by the flap- 
valves d and which open alternately for the purpose of giving admission to the air which is forc^ 
into the receiver E by the double bellows FF '; these are respectively supplied with air from the 
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surrounding atmosphere by the apertures h and /, similarly furnished with flap-valves, the former 
being situated in the sole-plate Ay and the latter in the movable piece Q ; the stream of air gen¬ 
erated in the lower bellows passing through the upper by means of an clastic leather tube or copper 
pipe c. The cover of the fixed receiver E is formed of a movable cylindrical disk Hy attached to the 
former by leather, in the manner of an ordinary bellows, and thereby admitting of l^ing elevated or 
depressed, according to the degree of condensation of the air within the receiver; this is regulated 
by means of a small conical hole hy guarded by a pointed screw t, properly secured from turnip, 
after being adjusted so that the air forced into the receiver w'hcn the engine is at its normal velocity 
shall just have liberty to escape, and consequently bold the movable cover suspended. Motion is 
communicated to this apparatus by means of two rods I /, fixed to the movable intermediate piece Oy 
and attached by means of the connecting-rods m m to cranks formed on the shaft 7, whidi is set in 
motion by a belt from the prime mover working over the fast and loose pulleys J J, A round rod 
Ky screwed into the movable cover Hy serves to convey the motion generated by the governor to the 
throttle-valve or sluice-gearing, as the case may be. On this rod is fixed a ball Z, which, for the 
sake of adapting the governor to the varying circumstances in which it may be placed, is usually 
made hollow and partially filled with lead. 

Fig. 2214 is a representation of a mode employed by M. Molini4 for tendering his governor most 
advantageously applicable to regulating the supply of water to a hydraulic motor. Besides the regu¬ 
lar sluice-gate, he makes use of an additional valve ZT', to which, by means of the cord and pulleys 
^hown in fig. 2210, he attaches the governor. The face of this valve is bent into a cylindrical form, 
and it is jointed by rods to a central point considerably behind the sluice-face 0\ By this means 
the strain arising from the pressure of the water against the back of the valve is counteracted, and 
the action of the governor rendered sufficiently delicate. 

Fig. 2216 represents the connection of this governor with the throttle-valve of a steam-engine. 

The efficient operation of this governor depends entirely on the perfection of the mechanism by 
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which the escape of the air from the receiyer E is regulated. The simple contrivance detailed is 
■Itogetber inadequate, as it is neither self-adjusting nor theoretically perfect in any circumstances, 
IS ^ be obvious from the consideration that the volume of any fluid escaping by a given orifice 
depends not only on the section of that orifice, but also on the velocity of the escape; so that the 
higher the velocity, Uie aperture remaining the same, the greater will be the volume of issuing fluid. 
To compensate for this circumstance, M. Molini4 devised an arrangement at once simple and effec¬ 
tual Instead of the pointed screw t, he makes use of a conical pin t', Fig. 2219, which is attached 
by nuts to the movable cover H. It is fitted to move in the interior of a brass tube h\ fixed to the 
stationary part of the air-receiver, and closed at the bottom, while the top is pierced with a hole of 
the exact sixe of the thick part of the pin. The air passes by an adjustable aperture into the interior 
of this tube; and according as the cover H is more or less elevatkl or depressed, the area of the 
apeiture of escape is proportionally increased or diminished. By this ingenious contrivance, not 
only is the theoretical defect above alluded to corrected, but a great additional advantage is obtained 
in the more rapid and energetic action of the governor. 

Figs. 221fi, 2217, and 2218 represent two different modifications of the vane governor. The prin¬ 
ciple of its action consists in the atmospheric resistance to rapid motion being employed to counter¬ 
act the force of gravity. The form represented in fig. 2216 is that which illustrates the principle 
most dearly. On the crank-shaft is fixed a drum or pulley O, and underneath it, or in any con¬ 
venient situation, is placed an axis carrying a small grooved pulley, to which are 
attached two or more fans or vanes PP., The former communicates motion to 
the latter by means of an endless band or belt, which is also passed over two 
friction-wheels, the first of which is attached to the weighted rod r, which com¬ 
mands the throttle-valve lever />, and the other to a gravitating weight g, sus¬ 
pended freely on the opposite side of the axis. The area of the vanes PP, and 
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the weight of the ball g, are so adjusted in relation to each other that the latter is just sufficient to 
drire round the remsting vanes at a certain velocity, exactly corresponding with the normal speed of 
the eogioe. Any increase of that speed, instead of accelerating the motion of the vanes (the atmos¬ 
pheric resistance being nearly uniform), tends to raise the weight and diminish the supply of steam 
passing through the steam-pipe N; and any relaxation of it allows the weight to descend, and 
thereby opens the throttle-vedve in a corresponding proportion. 

Figs. 2217 and 2218 are a side and end elevation of an arrangement in which this principle is 
carried out in a more practical and more generally applicable form. It consists of an upright spindle 
ts, tspported in suitable bearings in a cast-iron standard P, placed, in the usual manner, over the 
crank-shaft Q of the engine, upon which is keyed a bevel-wheel, drirfng a pinion on the foot of the 
nprigfat spindle, whereby a rapid rotatory motion is given to it The upper part of the spindle is 
^b^]^ into a screw or worm, the threads of which slope at an angle of about 46°, and upon which a 
heavy bush or nut g is fitted to move easily. This bush, which is usually formed into a ball, and 
corresponds in its mnetions with the suspended weight q in the previous example, has attached to it 
two or more projecting arms furnished with vanes PP; these are so fitted upon the arms as to be 
capable of being set nearer to or farther from the spindle, as circumstances may require; they also 
c<hnit of being turned upon the arms in an oblique direction, as shown by the dott^. lines in Fig. 
2218, in order to diminish the atmospheric resistance. The weighted nut is connected to the throttle- 
by means of a doable link and swivel P, and by levers and rods MM, n n, in the usual manner. 
From the above description it will be seen that when the spindle a is driven in the direction tending 
to raise tbe nut g, the latter with its attached vanes will be carried round with it, and at the same 
vdocity, until and so long as the resistance of the air against the vanes corresponds with the gravi¬ 
tating power of the wei^ted nut. But when the velocity of the engine, and consequently that of 
the ephidle t, is increased beyond that point, the atmospheric resistance against the vanes will exceed 
the gravitatiiig power of the nut and its mountings, and cause them to ascend upon the screwed 
■pbdle, and thus, by means of the connecting-rods and levers KLM,n p, will diminish the supply 
of steam passing through the steam-pipe AT to the engine. If, on the other hand, the velocity of the 
■pindle is redact below that required by the resist^ce of the vanes to overcome the gravitating 
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tendency of the nut the latter will then descend upon the spindle, and thereby increase the pas¬ 
sage for the supply of steam. The speed of the engine may be permanently varied at pleasure, by 
adjusting the vanes upon their supporting arms, so as to increase or diminish the gravitating power 
of the nut to the required extent. 

The chronometric governor^ Figs. 2220 to 2228, was invented by Mr. C. W. Siemens. The prin- 
V ciple of its action appears to be an admirable and perfect one, involving as it does the happy idea of 
so combining the invariable motion of an independent pendulum with the varying speed of the engine 
or other motor, as to make the former correct instanianeouefy the fluctuations of the latter. Fig. 
2220 is an elevation, and Fig. 2222 a section of this apparatus, which is set upon a bracket S S 
bolted to the wall of the engine-house, and supported by a framework T consisting of four small 
columns and a circular entablature. The differential velocity between the engine and the revolving 
pendulum Y is obtained by means of the three bevel-wheels t, k, and v ; this last is firmly connected, 
by an upright spindle and grooved arm le, with the upper extremity of the pendulum, produced 
through the ball-and-socket joint which forms its point of suspension and revolution. The under 
wheel t is fixed to the pulley £/“, which is driven by the engine with its uncertain velocity, and in the 
contrary direction to the motion of the wheel v. Both these wheels move in gear with the third 
bevel-wheel v, which runs perfectly free upon its axis, and is also permitted to travel round the 
perpendicular socket forming the bearing of the others. It is obvious that if t and v revolve in 



contrary directions, but with equal velocities, the wheel u will also revolve on its axis, but will not 
change its angular position; while any difference in speed between ( and v will cause the wheel u to 
follow the direction of the faster, which will at once alter the supply of steam, the arm x being at¬ 
tached to the throttle-valve contained within the steam-pipe iV', by means of the lever and adjustable 
connecting-rod p and y. Another arm attached to the axis of the wheel ti, on the opposite side of 
the perpendicular socket, is connected by means of the rod « to a lever working between two adjust¬ 
able stops Z which serve to confine the range of the throttle-valve within convenient limits. To 
maintain the motion of the pendulum a constant power is required, resembling that of the falling 
weight in an ordinary clock. This power is supplied by the weight r, which tends constantly to pull 
the wheel u to one side; and this strain, being borne equally by the wheels t and v, causes the latter, 
and with it the pendulum Y, to revolve, while the former, revolving in the contrary direction, is con¬ 
stantly engaged to raise the weight back again into its proper position. In practice it has been 
found that the power necessary for maintaining the action of the pendulum is much less than that 
required to effect the movement of the valve; and accordingly Mr. Siemens has adopted the principle 
of driving the pendulum with an excess of power, which shall be neutralized by friction apparatus 
when not wanted, and shall be allowed to act freely when the governor requires its assistance to 
move the valve. This is effected as follows: Surrounding the grooved arm to is situated a conical 
ring W, cast with the framing 2' and accurately bored out; against the interior of this “ absorb¬ 
ing ring ” a small piece of steel accurately fitted into the open end of the grooved arm to is pressed 
by the short end of the pendulum rod a spring being interposed for the purpose of letting the 
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pressure come on gradual]j. It is evident that whenever there is an excess of driving weight which 
causes divergence in the axis of rotation, the surface of the steel rubber and of the fixed ring will 
be pressed together with a force exactly sufficient to balance the excess; and so soon as the pendu¬ 
lum falls back toward a smaller arc of rotation, it will relieve the friction apparatus, and permit an 
increased supply of power to overcome the resistance of the valve. A second spiral spring is laid 
within the grooved arm w, behind the point of the pendulum, for the purpose of preventing the 
latter from dropping into its perpendicular position, and to facilitate its starting with the engine. 
The adjustment of the valve is effected at the very instant that the equilibrium between the power 
and load is disturbed; an advance of one-fiftieth of a revolution of the fly-wheel is found sufficient to 
dose the valve entirely. By converting the friction apparatus into a regular brake, the power of 
the governor may be increased; and in this way it may be applied for the regulation of water-wheels, 
and such steam-engines as are furnished with variable expansion gear, which are better regulated by 
increasing or diminishing the amount of expansion than by throttling the steam. 

Fig. 2224 represents Silver’s marine governor. A A* are loaded arms pivoted in their centres at 
£ to the shaft C, which receives motion in any suitable manner from the engine. The arms A A 
aze connected together through the medium of the sliding sleeves D i>, the sleeve D being united to 
arms A A by means of the rods EE\ and sleeve D' by means of the rods EE, FF zxt brackets 
on the arms A A\ to which the ends of the rods EEa.re attached. These brackets are placed at an 
angle of 45"*, so that the line of draught of the arms and rods, when the balls fly out, is always paral- 
id to the shaft C. The centrifugal force of the balls is counteracted by the employment of a spiral 



spring 4 to which the sleeve D is attached by means of clamps G. The tension of the spring is 
iucreased or diminished at pleasure by turning the nut </', which moves the claw-collar K out or in, 
thos rendering the governor accordingly more or less sensitive, as desired. Tlie collar K terminates 
in a screw on which the nut J moves. When motion is communicated to the spindle by the engine, 
the balls will have a tendency to fly out in the direction of the arrows, and to move the sleeves 2) D' 
laterally. The sleeve D is furnished with a collar which is grasped by a forked crank 3/, pivoted 
to the standard O. The lower branch of the lever N is connected with a rod leading to the throttle- 
valve. The connection and operation of the sleeve D* on the throttle-valve are similar to those of 
ordinary governors, and require no particular description. 

There are various other forms of marine governors, but the majority of them act on a principle 
somewhat similar to Silver’s, Fig. 2224, or to Huntoon’s, Fig. 2217. For accounts of several marine 
f:ovemor3, and discussions of the subject, see ** Transactions of the Society of Engineers,” 1863; 
** Transactions of the Institution of Engineers in Scotland,” v., xii.; and ** Proceedings of the Insti- 
tutiem of Mechanical Engineers,” 1866. R. H. B. 

6RAIX-DRILLS. See Agricultural Machinery. 

GRAIN-MILLS. See Mills, Grain. 

graphite (also termed plumbago and black lead, the latter an incorrect title, the substance not 
eoDtaining lead in any form). A mineral consisting of from 90 to 95 per cent, carbon, with traces 
iron, silica, alumina, lime, and magnesia. It was formerly supposed to be the carburet of iron, 
from traces of iron found in many of the deposits; but iron and other impurities are only mechani- 
^ admixtures, no combination of graphite and iron or other substance having yet been found. It 
is found in nature in both a crystalline and an amorphous condition, opaque, of a metallic steel-gray 
color and lustre, a greasy unctuous feel when rubbed between the fingers, and giving a peculiar shiny 


Digitized by v^ooQle 












70 


GRAVER 


Streak on paper. Its spedfio gravity is 2.09, rising somewhat above this os impurities increase. Its 
hardness ranges between 1 and 2. Crystallized graphite occurs in six-sided tables, belonging to the 
hexagonal system, cleaving perfectly in the direction of the base, and having the basal planes striated 
parallel to the alternate sides; but the mineral is more commonly found in foliated or granular form. 

The black lead of commerce, and what is bo called by the trade in first hands, is found principally 
in Bavaria and Austria. The plumbago of commerce comes mainly from the island of Ceylon, but is 
found in many parts of the United States, being mined successfully, however, only at Tioonderoga in 
the State of New York. It is also mined to a small extent in the Ottawa region of Canada. 

Plumbago is very refractory. A piece with sharp projecting angles has been subjected for two 
hours to a heat that would melt steel, and on cooling the sharpest points were found perfect; but it 
will exhaust if left on top of such a fire. It is found in veins in a pure state, is removed in lumps, 
and a selection of these forms the ** prime lump ** of commerce. The formation most common in 
pure state is that of laminated crystals, elongated at right angles with the sides of the vein, if not 
more than from 4 to 6 inches wide; but when the vein widens the crystallization often radiates from 
numerous centres, and the whole formation is very beautiful. The foliated variety is equally valuable 
and mdre brilliant, but rare in any quantity. The acicular form of crystal is not apt to be as pure 
in the lump, but is useful for most purposes. The granulated variety, the purest of all, is of little 
use for crucibles, but, with suitable manipulation, produces the finest grades for electrotyping and 
fine lead pencils. Pure plumbago is absolutely free from grit when pulverized and rubbed between 
the fingers; and the polish produced in the same way is instantaneous and very bright, being like a 
darker shade of polished silver. It is also found mixed with iron, rhomb spar and other forma of 
lime, the rock and earth in which the vein is carried, and many other foreign substances injurious 
for all the purposes for which pure plumbago is needed; so that much care is necessary in pur¬ 
chasing the raw material for a given purpose. Lime, for instance, is fatal to plumbago for crucible¬ 
making. The plumbago mined in the interior of the island of Ceylon is brought down to Colombo 
in bullock-carts. It is there selected into grades; so much as may be finely broken up is sifted, and 
the coarser part of this is called “chips,** while the finer part is called “dust.** The “dust** from 
prime lump is, of course, very different in character from the dust left from the poorer grades of 
lump; and all of it, whether lump or dust, after being handled and packed in barrels in Colombo, 
becomes so black and bright, by the poor particles rubbing against the good, that the touch of an 
expert is required to distinguish between the grades. The system adopted at Ticonderoga, by the 
Dixon Company, is to separate the mineral from its impurities by crushing and washing by the 
buddle process, and sizing the particles for different uses by floating in water. 

The German black lead is not refractory, and is therefore useless for any purpose that brings it in 
contact with fire. It has no value for the crucible-maker or for stove-polish, and is of but little 
use as a lubricator. It has a very low conducting power even in its pure state, and the best quality 
that comes to market is far from pure. None of it comes in its original state as mined, but all of it 
is washed and floated, and so the grades are produced. In fact, it resembles a weak black clay more 
nearly than it does true plumbago, in nature as well as in appearance. It is used often on acoormt 
of its cheapness, when it would be cheaper to use the real plumbago even at five times the price. 

The most important applications of graphite are to the manufacture of lead pencils (see Lead 
Pencils) and crucibles (see Crucibles). It is also made into stove-polish, for which purpose only 
the best quality of graphite should be used; and the finer it is pulverized the better, as each particle 
should be so small that it flattens out at once on the iron, adheres to it, and polishes quickly, while 
larger particles will fly off and be wasted, as well as creating a dust and requiring more labor to pro¬ 
duce a fine polish. The polish from pure foliated plumbago will last on the iron for a long time, 
while that from German black lead will bum a reddish brown when the stove is raised to a red heat. 

Graphite is also used for lubricating, and when so employed should be exceedingly fine and abso¬ 
lutely pure. For blowing-cylinders, the best quality of Ticonderoga, pulverized to the finest grade, 
pure and left with a go^ body, is the most economical. For engines, rolling-mills, and machine- 
bearings, the very finest should always be used. For wood bearings, after oiling with the plumbago 
a few times, the oil can be dispensed with, and the pure plumbago only appli^ in the dry powder. 
For metal bearings it should be freely mixed with oil On hot axles or journals apply it freely dry, 
and then oil up as usual. (See Lubricants.) 

Graphite is employed in electrotyping (see Electro-Metallurgy); as a facing for moulds; by 
piano-makers for coating the bridge over which the wires are drawn, to prevent the wires from ad¬ 
hering to the wood; by organ-builders to lubricate the slides; by hatters to impart a peculiar tone 
to the colors and a softness and smoothness to felt hats; by glass-makers for ooloring dark glass for 
bottles, etc.; as a body for paint which is both water- and fire-proof; for coating the bottoms of 
boats; and for polishing gunpowder (see Explosives) and shot. It is also combined in a refractory 
mixture for tuyeres, pointing up fumaees, etc. This is composed of equal parts of Dutch pipe-clay, 
fire-clay, half the quantity (by measure, not weight) of charcoal, and the same half quantity of silica 
(pure quartz sand, ground fine, being the best); to this mixture add as much of the plumbago as 
possible, and leave the mass thin enough to work. It should be made just thin enough with water, 
so that it will run rather sluggishly. O. C. 

GRAVER. See Lathe-Tools, Turning. 

GRAVITATION, UNIVERSAL. See Dynamics. 

GRAVITY, MEASURE OF. See Dynamics. 

GRAVITY, SPECIFIC.* The ratio of the weight of one body to that of an equal volume of 
another, adopted as a standard of reference. For solids and liquids the standard is pure water, at a 
temperature of 60'* F., the barometer being at 30 inches. Air is the standard for aeriform bodies. 


* From the American Cyclopadla." 
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A cobte foot of water weighing 1,000 oz., if the same bulk of another substance, as for instance cast* 
iron, is found to weigh 7,200 oz., its proportional weight or specific gravitj is 7.2. It is convenient 
to know the figures representing this proportion for every substance in common use, that the weight 
of any given bulk may be reacfily determined; and for all substances the specific gravity is used 
among other tests for the purpose of distinguishing bodies from each other, the same substance being 
found, under the same circumstances, to retain its peculiar proportional weight or density. Hence 
tables of spedfic gravity are prepared for reference, and in every scientific description of substances 
the spedfic gravity is mentioned. In practical use, the weight of a cubic foot is obtained from the 
figures representing the density by moving the decimal point three figures to the right, which ob- 
TkNMly from the example above gives the ounces, and these divided by 16 the pounds avoirdupois, 
in the cubic foot. 

Different methods may be employed to ascertain the spedfic gravity of solids. That by measuring 
file bulk and weighing is rarely practicable, nor is it desirable. As a body immersed in water must 
displace its own bulk of the fluid, the specific gravity may be ascertained by introducing a body, after 
veigliing it, into a suitable vessel exactly fill^ with water, and then weighing the fluid which is ex- 
pd&L The proportional weight is then at once obtained. Wax will cause its own weight of water 
to overflow: its spedfic gravity is then 1. Platinum, according to the condition it is in, will cause 
only from jy to of its weight of water to escape, showing its spedfic gravity to be from 21 to 
ili. But a more exact meth<^ than this is commonly employed. The difference of weight of the 
same substance, weighed in air and when immersed in water, is exactly that of the water it displaces, 
and may consequently be taken as the weight of its own bulk of water. The specific gravity then is 
obtained by weighing the body first in air, and then, suspended by a fibre of silk or a hair, in water, 
and dividi^ the wdght in air by the difference. If the body is lighter than water, it is to be at¬ 
tached to one heavier, to make it sink; then find the loss of the two by immersion, and also the loss 
of the heavier body; the difference will express the weight of water ^splaccd by the lighter body, 
whose weight divid^ by this difference will give its specific gravity. It is hardly necessary to say 
that the substance examined must be free from mixture of foreign matters, and especially from 
cavities that may contain air. Minerals, if suspected to contain such, should be coarsely pulverized, 
and then the second method above may be conveniently appHed to determine their density. The 
specific gravity of fine powders may be determined by one of the methods employed for ascertaining the 
specific gravity of fluids, viz.: by comparing the weight of a measured quantity with that of the same 
quantity of water. A glass vessel called a specific-gravity bottle is commonly employed, which is 
fomished with a slender neck, upon which is a mark indicating the height reached by 1,000 grains 
of water. The substance to be examined is introduced till it reaches the same mark, and, the weight 
of the empty bottle being known, only one weighing is required to obtain the result. 

A common method for finding the specific gravity of fluids is by the instrument called a hydrome¬ 
ter or areometer, of which several kinds are in use, all dependent on the principle that the weights 
required to immerse a light body, as a bulb of glass, in different fluids, arc proportional to the 
demhies of these fluids. Such instruments are used for ascertaining the specific gravity of liquors, 
u in indication of their strength. (See Htdrometer.) Haseous Indies are weighed in a thin glass 
flask or other vessel made for the purpose, and provided with a stop-cock. The vessel is exhausted 
of air before the introduction of the gas. The experiment requires particular care, as the result will 
be found to vary under different conditions of pressure, temperature, and the hygrometric state of 
the atmosphere. The temperature of the air should be 60'’ and barometric pressure 80 inches. The 
specific gravities may also be calculated from the atomic weights of the gases: when the atomic 
volume is equal to that of hydrogen, it is obtained by multiplying the specific gravity of hydrogen by 
the atomic weight of the gas; when the atomic volume is half that of hydrogen, the specific gravity 
of the gas b equal to the specific gravity of hydrogen multiplied by twice the atomic weight of the 
gas; a^ when the atomic volume is twice that of hydrogen, the specific gravity of the gas b equal 
to the spedfic gravity of hydrogen multiplied by half the atomic weight of the gas. 

The proportions of two ingredients in a compound, as in an alloy of gold and silver, may be found 
by multiplying the specific gravity of each ingredient by the difference between it and the spedfic 
gravity of the oompoimd. As the sum of the products is to the respective products, so is the spedfie 
gravity of the body to the proportions of the ingredients; then as the specific gravity of the com¬ 
pound b to the weight of the compound, so are each of the proportions to the weight of its material. 

Hie foUovring table presents the spedfic gravities of substances most likely to be referred to, col¬ 
lected from various sources. The weight of a cubic foot in ounces avolrdupob b seen by moving 
the decimal point three figures to the right. 


Add.*tttJc.. 1.068 

araenie. 8.891 

bonde, cryfUUized. 1.479 

bor»de,ftwcd. 1.608 

dtric.. 1.084 

kvdroehlork. 1.200 

aitrte. 1.871 to 1.5S8 

•Quarefia.. 1.284 

pbospbork, Hqoid. 1.658 

pboepbaric, 8 ^. 2.800 

iulphuric.... 1.841 

Alabaster... . 1.874 

Aleobol, absolute. 0.792 

ofcDiDiiierce. 0.885 

Alsorbeer. 1,085 

Ahnn. 1 724 

.2.S60 to 8.670 


Table of Specific Chravitiee, 


Amber. 

. 1.064 to 1.100 

Amber^s. 

. 0.780to 0.926 

Amethyst, common.. 

. 2.750 

oriental, or violet sapphire, 

8.809 to 4.160 

Ammonia. 

. 0.876 

Anthracite. 

. 1.860 to 1.850 

Antimony. 

. 6.7(»2 

Asphaltum. 

. 0.905tol.650 

Boiytes. 

. 4.000 

sulphate of (heavy spar\ 


4.800 to4.720 

Basalt. 

. 2.864 

Beeswax.. 

. 0.956 to 0.964 

Bismuth. 

. 9.822 

Brandy. 

. 0.887 

Brass. 

. 7.S24 to 8.896 


Brass wire. 

Brick., 1.900 to 

Bronze, ^on-metal. 

Butter. 

Cadmium. 

Caoutohouc.. 

Chalk. 


8.544 

2.000 

8.700 

0.942 

8.600 

0.988 

2.784 


Cinnabar. 

Clay. 

bituminous. 

Cobalt, cast. 

CopSl. 

Copper, native... 

cast. 

wire. 

coin. 

Coral. 


. 8.998 

. 1.980 

.1.020 to 1.850 

_ 7.‘•12 

. 1.045 

. 8.940 

. 8.788 

. 8.878 

. 8.915 

2.M0 to 2.850 
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DUmond.8.621 to 8.650 

Dolomite. 2.540 to 2.880 

Earthy mean of the globe. 6.210 

Emerald. 2.678 to 2.775 

Ether, snlphorio. 0.682 to 0.776 

Fat of beef.. 0.928 

Feldspar. 2.400 to 2.62(» 

Freestone. 2.148 

Garnet..8.160 to 4.800 

Glass, bottle. 2.783 

crown. 2.520 

green. 2.642 

flint. 2.760 to 8.829 

plate. 2.760 

plate of St. Gobain. 2.4S6 

Gol^ native. 16.600 to 19.600 

pure, cast. 19.25S 

hammered. 19.862 

coin . 17.647 

22 carats fine. 17.486 

20 carats fine.16.709 

Granite, Quincy. 2.652 

Staten Islimd. 2.780 

Graphite. 1.9^ to 2.400 

Grindstone. 2.148 

Gunpowder, loose_ 0.886 to 0.900 

close shaken. 0.987 to 1.000 

BoUd. 1.660 to 1.800 

Gum arable. 1.452 

Gypsum, compact_ 1.872 to 2.288 

Heliotrope or bloodstone, 

2.680 to 2.700 

Hematite iron ore. 4.500 to 6.800 

Honey. 1.466 

Hyacinth. 4.000 to 4.760 

loo. 0.980 

Iodine. 4.948 

Iridium, hammered. 28.000 

Iron, malleable.7.616 to 7.817 

cast.. 7.207 

ore, magnetic.... 4.9o0 to6.200 


Ivoiy. 

LaM. . 

. 1.822 to 1.917 

Lead, cast. 

11.860 to 11.446 

white. 

. 7.285 

ore, f^ena. 

. 7.260to7.760 

Lime, qnick. 

. 0.804 

Limestone, compact. 

. 2.886 toS.OOO 

crystallized. 

. 2.722 

Magnesia, carb. 

Malachite. 

. 2.222 to 2.612 
. 8.700 to 4.000 

Manganese ore (psilomelane), 


8.700 to 4.880 

Marble, Carrara.. 

. 2.716 

Parian.. 

. 2.887 

Egyptian. 


Mercury, common... 

. 18.668 

pure.. 

. 14.000 

Mica. 

. 2.760 to 8.100 

Milk. 

. 1.082 

Myrrh. 

. 1.860 

Naphtha. 

. 0.700 to 0.847 

Nickel, cast. 

. 8.279 

Nitre (saltpetre). 


Oil, castor. 

.. 0.970 

linseed. 

. 0.940 

olive. 

. 0.915 

turpentine.. 

. 0.870 

whale. 


Opal.. 

. 2.114 

Opium. 

. 1.887 

Podium. 

. 11.800 

Pearl, oriental. 

. 2.610 to 2.750 

Peruvian bark. 

. 0.784 

Pewter.. 


Phospboms. 

. 1.770 

Platinum, native.... 

17.000 to 18.000 

refln^. 

. 19.500 

hammered. 

. 20.886 

wire. 

. 21.041 

laminated. 

. 22.069 

Porcelain. China. 

. 2.886 


Porcelain, Sdvres. 


. 8.145 

Porphyry. 

2.4^ 

to 2.972 

Potassium. 


. 0.866 

Proof spirit.. 


. 0.928 

Quartz.. 

2.600 

to 2.800 

Khodium.. 


. 11.000 

Rosin. 


. 1.100 

Ruby.. 


. 4.888 

Balt, common.. 


. 8.180 

Band. 

1.600 

toi.euo 

Sapphire, oriental_ 


. 8.994 

Serpentine. 

2.607 

to 8.601 

Silver, pure, cast. 


. 10.474 

hammered.. 


. 10.610 

coin. 


. 10.684 

Slate. 

2.110 

to 2.672 

Soapstone. 

Sodium. 

2.660 

to 8.800 
. 0.978 

Spermaceti. 


. 0.948 

Steel, hard. 

7.816 

to7.840 

soft. 


. 7.888 

Sugar. 

Sulphur, native. 


. 1.606 

. 2.088 

ihsed. 


. 1.990 

Tallow. 


. 0.941 

Tar. 


. 1.016 

Tellurium. 

6.700 

to 6.116 

Tln,caat. 


. 7.291 

hardened. 


.. 7.299 

Topaz.. 

8.400 

to 8.650 

Tourmaline. 

8.940 

to 8.800 

Tungsten. 


. 17.400 

Turquoise. 

2.600 

to 2.880 

Ultramarine. 


. 8.869 

Vinegar. 

1 013 

to 1.080 

Water, distilled. 


. 1.000 

sea. 


. 1.028 

Dead Sea. 


. 1.240 

Wine. Burgundy. 


. 0.991 

white champagne. 


. 0.997 

Zinc, cast. 


. 7.190 


GRINDING. See Emert-grindino and Grindstones. 

GRINDSTONES. Grindstones arc used for giving a cutting edge to implements and tools, and 
also for removing bj abrasion the surface of metal to prepare the same for painting or for polishing 
processes. The English, Nova Scotia, and Ohio grindstones are principally used; but each of these 
varieties is subdivided into different sizes and kinds of grit, the most prominent of which, and the 
work for which they are adapted, are as follows; JVrwcewffa--Yellow color and sharp grit: the fine 
soft ones for grinding saws, and the coarser and harder ones for sad-irons and springs, for bead 
and face stones in nail works, and for castings (dry grinding). Wickertlif —Grayish yellow color: 
for grinding saws, squares, bevels, and cutlers’ work gefierally. A very soft grit to avoid taking out 
the temper. Liverpool {or Melting) —Of a red color and very sharp grit: for saws and edge-tools 
generally. An excellent grit for sharpening axes in ship-yards. Nova Scotia —Blue or yellowish 
gray color, and of all grits, from the finest and hardest to the coarsest and softest: the large ones 
fbr grinding sad-irons and hinges, springs, and edge-tools; the medium and small sizes for machine 
shops and lor sharpening edge-tools generally. Bag Chedeur, N B. —Of a uniform blue color, and 
soft, sharp grit: for table-cutlery, and admirably adapted for machinists’ tools, and for sharpening 
edge-tools generally, when a fine edge is required. Berea —^White color, fine and sharp grit; for 
sharpening edge-tools generally. Amherst (J^ck River) —Brownish-white color, soft, loose grit: for 
edge-tools, and the very soft ones for saws. Independence —Grayish-white color^^ and coarse sharp 
grit: for grinding springs and files, and for dry grinding of castings. MastiUon —Yellowish white 
color, coarse, sharp grit: for edge-tools, springs, files, and nail-cutters’ face-stones, and for dry 
grinding of castings. Huron {Michigan) —Of a uniform blue color, and fine, sharp grit: good for 
sharpening tools when a very fine edge is required. Glass-Cutters' OrindsUmes^ of Newcastle, War¬ 
rington, C^i^lcith, and Yorkshire grits: for checkering, mitering, fluting, and for punty stones. 
Curriers' RubstoneSy of Newcastle, Nova Scotia, and Ohio grits: for first and second stones; and 
Scotch Water of Ayr, Welsh, and Hindostan, for clearing-stones. 

The grindstones used for removing surface metal are, when new, from 6 to 7 feet in diameter, 
and usually run at a speed of about 550 circumferential feet per minute. In order to maintain this 
speed, notwithstanding the reduction of diameter due to the wear of the stone, the pulley attached 
to the shaft upon which the grindstone is hung is replaced as the stone wears by a pulley of smaller 
diameter. Grindstones used to sharpen instruments usually run at a circumferential velocity varying 
from about 180 to 860 feet per minute. They should be kept very true by being turned up, which 
operation may be accomplished by using a piece of gas-pipe as a turning tool. For very particular 
work the grindstone requires to run so true as to necessitate the use of the black diamond or bort as 
a turning tool. The water applied to a grindstone softens it; hence the stone should not run in a 
trough of water, nor be allowed to stand with water applied to any part of it, for the reason that 
the softer parts wear away the quickest, and thus throw the stone out of true. The stone should be 
wetted from a pipe suspended above it, and provided with a cock to shut off the water when the 
stone is not in use. 

A useful device for truing grindstones is shown in Fig. 2226. It consists of a hardened steel- 
threaded roll held in bearings in a frame or stand, which is bolted to the grindstone frame in such a 
position as to bring the thread upon the roll into contact with the face of the stone. The action Isi, 
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that the tops of the thread crush off the stone in minute sections or granular particles. The main 
Btaud or bottom piece is securely clamped upon the trough close to the face of the stone; then by 
taming the hand-wheel, the threaded roll is brought into contact with the face of the stone, and is 
allowed to remain so as long as is requisite to produce the desired result. The water is to be left as 
osnal in the trough. When by long use the thread on the hardened roll becomes worn, it can be re- 
cat, which operation may be repeat^ly performed. 

In grinding tools and instruments, a cutting edge is formed by the line of junction of the two 
fleets at the point of a wedge. The angle of these two facets one to the other is determined by con¬ 
tentions of strength, and the shape of each facet either by considerations of strength or of shape. 
As a rule, the harder the material to be cut, the more the approach of the two facets to a right 
ingle, one with the other; and so likewise 
the greater the strength required, the nearer 
die facets to a right angle. Thus, while the 
facets of a grarer may stand at an angle of 
50\ those of the cutters for a pair of shears 
or a punching machine will stand at an angle 
of a^t SS"*, though both may be used to 
cot iron and steel. In this latter case, the 
strength being the main consideration, it must 
be obtained at a sacrifice of keenness; where¬ 
as, if we take the case of a razor or a lance, 
diarpness is the main consideration, and 
strength is disregarded. 

In determining upon which side of the 
stone imy given tool should be ground, the 
workman takes into consideration the follow¬ 
ing points: the shape of the tool, the amount 
of metal requiring to be ground off, and the 
condition of the grindstone. 

Upon the edge of a tool which last receives the action of the stone, there is always formed what is 
tenned a feather-edge; that is to say, the metal at the edge does not separate from the body of the 
metal, but clings thereto in the form of a fine ragged web. If now we take a point on the circum¬ 
ference of the stone, as say at Fig. 2226, it should leave contact with the tool at the point of the 
tool denoted by D. Instead of doing this, however, the metal at the extreme edge gives way to the 
pressure, and does not grind off, but clings to the tool, leaving a web, as shown from D to E; 
whereas, if the same tool were held in the position shown at 6^, the point F upon the stone would 
the tool at the edge first, and would cut the metal clear away and not leave a feather-edge. 
Now the amount of the feather-edge will be greater as the facets forming the edge stand at a greater 
ingle one to another, so that, were the facets at a right angle, instead of forming an acute wedge, as 
shown in Fig. 2226, the fcath- 
er-edge would be very short in- 
deed. But in all cases the feath¬ 
er-edge is greater upon soft than 
upon hard metal, and is also 
greater in proportion as the 
tool is pressed more firmly to 
the stone. Therefore the work¬ 
man conforms the amount of the 
pressure to the requirements, by 
making it the greatest during 
the eariy grinding stage, when 
the objek is to grind away the 
furplos metal, and the least 
during the latter part of the 
process, when finishing the cut¬ 
ting ed^; and hence he obtains 
a sharper tool, because whatev¬ 
er feather-edge there may be 
breaks off as soon as the tool Is 
placed under cutting duty, leav¬ 
ing a flat place along the edge. 

The main principles involved 
intbeartof tool-grinding may be 
practically applied as follows: 

First, to defiiM the point which distinguishes whether the stone is running to or from you, let.4. Fig 
f227, represent a grindstone, and ( 7 , 2), and F tools held thereon. If a radial line from the 
centre of the stone forms an obtuse angle with the face of the tool which first meets a point on the 
periphefy, or face of the stone as it is usually termed, then the stone is running from you; while 
if, 00 the other hand, that face forms an acute angle to the radial line, then the stone is running 
U) you, no matter in what position in regard to the stone you may stand. In ordinary shop par- 
lijie,the side of the stone on which the face of the stone enters the trough is always called the side 
rith the stone running to you, because all grinding which requires to be done with the stone running 
k) you is performed on that side, and in conjunction with the use of the rest shown in Fig. 2227. 
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is verj dangerous to grind on that side of the stone without using the rest as a steadying point add 
as a safeguard. B and C are ground with the stone running from you, D is neutral, and E and F 
are ground with the stone running to you. Henoe, with the stone running to you, the greater the 
angle of the front face of the tool (that is, the face which has the grindstone running toward it), the 

greater the liability 

2227. of the tool to catch 

in the stone and the 
more difficult it is to 
hold the tool steadily, 
while the reverse is 
the case when the 
stone is running from 
you; and it follows 
that as the length of 
the cutting-tool edge 
is greater, the more 
difficult it will be to 
hold the tool in the po 
sition of D, E^ or F, 
Therefore tools having 
broad cutting edges 
formed by acute an 
gles should be ground 
in the. position of 
unless, indeed, the 
stone is very true and 
smooth, and has no 
soft spots, in which 

case it is permissible to grind them held in a position relative to a radial line of the stone similar to 
that at E; but in this case it is well, while holding the tool at that angle, to grind it in that part of 
the circumference of the stone occupied by i>, or between that and the position occupied by E^ so 
that, should it chance to catch in the stone, it will not drag or force the fixigers down to the rest. 

We may now consider what effect the ske of the work has upon the position, relative to the stone, 
in which it should be ground, by giving a few examples of grinding. In the case of very small 
articles we may use almost any part of a true stone, because the hand has comparatively a thorough 
control of a small article. To grind the end face of any bar, the bar is always placed upon the rest, 
as shown in Fig. 2227 at F; but care should be taken to move the bar to various positions along the 
face of the stone, or slowly to revolve it, causing it to travel across that face, as otherwise a groove 
will be worn in the stone. Any work requiring to be ground to a point must be held in the position 
shown at Fig. 2222; it should be moved across the face of the stone as the grinding proceeds, 
to prevent the wearing of a groove in the stone. The surface of sheet-metal or plates should be 
ground in the position occupied by i), Fig. 2227. The cutting edges of all blades should be ground 
in the position shown at ^ or if in Fig. 2226, because they can be held steady, and, if held lightly 
toward the finish, with a small amount only of feather-edge. All drills should be ground upon the 
ends while upon the rest, excepting the faces of flat drills, as at if, while the diametral edges must 
be ground as at F^ Fig. 2227. Anythin that is sufficiently long to afford a firm grip with both 
hands when standing in the position of i^may be ground in that position, providing that the top of 
the rest is close to the perimeter of the stone. All blades requiring a keen edge must be held lightly 
to the stone, to avoid getting broad and thick feather-edges. 

After a tool is ground, it is often necessary to remove the feather-edge without having recourse to 
an oilstone. 3Iachinists often accomplish this object by drawing the cutting edge across a piece of 
wood, holding the cutting edge parallel with the line of motion, which removes the feather-edge with¬ 
out breaking it off low down, as would be the case if the length of the cutting edge stood at a right 
angle to the line of motion. 

Power required to drive Grindstones .—According to Hartig*B experiments, to drive grindstones 
empty, the power is expressed by the following formulas: 

Large grindstones empty, P = .0000409 cf r, or P = .000128 * n. 

Small fine grindstones empty, P= 0.16 + .0000896 <f v, or P= 0.16 + 00028 ti. 



In these formulas P = power required, d = diameter of stone in inches, v = velocity in feet per 
minute, and n = number of revolutions per minute. 

The coefficients of friction between grindstones and metals are as follows: 



Coarse fnindstones 

Fine grindstonea 


at high speeds. 

at low speeds. 

For cast-iron. 


.72 

“ WTOUght-iron.. 

.44 

1.00 

“ steel. 

.29 

0.94 


Grindstone’s net work: P = 


In this formula P = pressure between material and stone, v 
feet per minute, and K = the coefficient of friction. 


= circumferential velocity of stone in 
J. R. (in part.) 
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GUN. See Am-Guir, Fibe-Arms, and Obdnanci. 

GUN-GARRIAGK See Ordnance. 

GUN-COTTON. See £xplosiyes. 

G UNP OWDER. See Explosiyes. 

GUTTA-PERCHA. A gum obtained from the iBonandra gtitta^ a tree indigenouB to the Malay 
Archipelago. Its density is a little aboTe that of water. At ordinary temperature it is supple, very 
tCDicioiis, eztenmble, but not very elastic. At 112'’ F. it softens, and at 212** it becomes adhesive 
ind pasty, so that it may be moulded into any desired form. On cooling it becomes hard and firm. 
It may thus be used for taking impressions of objects or for making moulds for electrotypers, as it 
preserves even the finest lines and markings. At 266° gutta-percha melts. At higher heats it boils 
and undergoes partial distillation, yielding a light solid residue and oils formed cUefly of isoprene 
and caout^uoene. Normally of cellular texture, under strong traction it becomes fibrous and much 
more resistant. Thus, when by a powerful pull its length is doubled, it supports without breaking 
the strain of a force double that required to produce its extension. TMs resistance is not offered in 
sH ifirections, as the material when thus extended is easily tom by transverse strain. 

Gutta-percha is a bad conductor of heat, but the best insulating substance for electricity known. 
It welds easily, simple warming of the pieces being all that is required. It is insoluble in water at 
an temperatures, and withstands steam well. It resists the action of adds and alkalies better than 
India-rubber, and is unattacked by the most powerful of chemical reagents, hydrofluoric add. It is 
sduble in alcohols and turpentine, and dissolves best in benzine, chloroform, and bisulphide of car¬ 
bon. These agents do not cause it to swell as they do India-rubber, but gradually dissolve it from 
the surface to Sie interior. The solution becomes colorless on filtration, and if evaporated leaves 
gutta-percha in a pure state, when it resembles wax. 

When exposed to air and light, pure ^tta-percha becomes rapidly modified, disengaging a peculiar 
add odor. The surface hardens and splits in all directions. Thus modified, the material loses most 
of its valuable qualities; it becomes even an electrical conductor, and is transformed into a kind of 
friable resin insoluble in benzine. Much of this resinous substance is found in commercial gutta¬ 
percha, owing to the exposure of the material. The alteration is best prevented by immersion of the 
fubstance in water in a dark place. 

The following are some of the principal characteristics in which gutta-percha and India-rubber 
differ: 

Guttapercha, when immersed in boiling water, contracts in bulk, while India-rubber expands and 
increases in bulk. 

Guttapercha juice is of a dark-brown color, and consolidates in a few minutes after exuding from 
the tree, when it becomes about as hard as wood. India-rubber sap is perfectly white, and of about 
the oonsistence of thick cream; when it coagulates it gives from 4 to 6 parts of water out of 10; it 
may be kept like milk, and is frequently drunk by the natives. 

Guttapercha, first treated with water alcohol, and ether, and then dissolved in spirits of turpen¬ 
tine and precipitated, yields a substance consistent with the common properties of gutta-per^a. 
Snrilar treatment of India-rubber results in a substance resembling in appearance gum arable. 

Gutta-percha by distillation yields 67|' per cent, of volatile matter, while India-rubber yields 85f 
percent 

Guttapercha in its crude state, or in combination with other materials, may be heated and reheated 
to the oonsistence of thin paste, without injury to its future manufacture. India-rubber, if but once 
treated in the same manner, will be destroyed and unfit for future use. 

Gutta-percha is not decomposed by fatty substances; one application of it is for oil-vosscls. In- 
fU-rubbtf is soon decomposed by coming in contact with fatty substances. 

Gutta-percha is a non-conductor of cold, heat, and electricity, and in its natural state is non-elastic, 
a^ with little or no flexibility. Indiaprubber is a conductor of heat, cold, and electricity, and is 
hi^y elastic and flexible. 

The specific gravity of gutta-percha is much less than that of India-rubber—in the proportion of 
100 of gutta-percha to 150 of India-rubber. 

PrtparatioH. —^The preparation of gutta percha does not materially differ from that of India-rub¬ 
ber. (See India-Rubber.) The crude material is delivered to commerce in blocks weighing from 2 
to 6 lbs. each, filled with impurities. In order to purify it, the blocks are cut into slices by the 
iMfhine repr^ented in Figs. 2228 to 2230. Fig. 2228 is a side elevation, Fig. 2229 a front eleva¬ 
tion, and Fig. 2230 a seetkx^ view. A A represents the framework. ^ is a circular iron plate, 

about 6 feet diameter, in which are three slots, into which are inserted three radial knives, in a 
shnOar manner to the irons of an ordinary plane or spoke-shave. .8* is a shaft, to the end of which 
the plate B is attached, and by means of which it is made to revolve at any desired velocity, motion 
beiog communicated to the shaft from a steam-engine, or any other conve^ent first mover, through 
the medium of gearing or drums. is an inclined shoot, down which the lumps of crude gutta¬ 
percha are dropped against the knives of the revolving plane By by which they are cut into slices of 
a thickness corresponding to the degree of projection given to the knives. The speed of this machine 
is about 200 turns per minute. The slices are afterward collected, and put into a vessel filled with 
hot water, where they are left to soak till they feel soft and pliable to the touch, and until all the 
leaves and other impurities contained in the mass are separated from it. In this partially purified 
s^ the material is taken to a carder, or large circular box containing a cylinder or drum covered 
vitb curred teeth. This runs at a speed of about 800 turns per minute, and shreds the gutta-percha 
into small pieces, which fall into a vat of water placed below. The gum being porous floats on the 
nrfsee, and the impurities are precipitated. 

Another machine for this purpose is represented in Fig. 2231, which subjects the gutta-percha to 
A veiy thorough woriiing over. The crude gum is presented by the feeding rollers to &e action 
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of the first breaker F\ It is by the latter broken up into shreds or fragments, and considerable 
quantities of earthy and other extraneous matters are beaten out of and disengaged from it, the 
whole falling in a mingled mass into the water contained in the compartment of the tank, where the 
different materials assort themselves according to their specific gravities. Such pieces as consist of 



pure gutta-percha, or in which gutta-percha predominates, float on the surface of the water, while 
most of the earthy and other extraneous matters sink to the bottom. The revolving endless web JF 
then draws toward it the floating gutta-percha, and carries it upward to the second set of feeding- 
rollers mounted over the second compartment ^ of the tank, from which rollers it is delivered to 
the second breaker to undeigo a repetition of the process which has been just described, in order 
to its being further disentangled and purified. From the surface of the water in the compartment 
the gutta-percha is carri^ up the inclined endless web to the rollers 0\ which deliver it to 
the third breaker F^ over the compartment f*, by which it is a third time broken up, in order to 
separate any remaining impurities from it The inclined endless web next carries it forward to 
the rollers 0\ which present it to the revolving cylinder if, by the blades of which it is cut or 
minced into a multitude of very thin slivers, which, as they fall into the water in are thrown for- 
ward in the direction of the agitator if. As this agitator revolves in a direction opj^site to that in 
which the floating mass of gutta-percha is moving, it forces the gutta-percha down 
into the water, and to take a circuitous course through it toward the large endless 
web Ny whereby it is washed free from any dirt which may have collected upon it in 
passing through the preceding operations. By the endless web N the gutta-percha 
is next moved onward to the series of rollers RR,SS; and from the last pair of 
the series the gutta-percha is raised by an endless revolving web 0 to a pair of metal 




pressing and finishing rollers Y\ which are set by adjusting screws to a distance from one an¬ 
other equal to the thickness of the sheet or band into which it is now desired that the gutta-percha 
should be compressed. After passing through between Y^ and Y\ the sheet or band is carried 
back over the topmost of those rollers, Y\ and then over the wooden drum Z7, to be wound on a 
taking-up roller V. In case it is desired to unite the ^tta-percha with cloth, for the manufacture 
of a water-proof fabric, the cloth is led in as shown at W, and is firmly united to the gum by pres¬ 
sure between the roller Y* and drum U, After passing through the caMcr previously described, the 
gutta-percha is kneaded and rolled into sheets. 

In order to cut the sheet gum into strips or bands of any shape, an ingenious machine devised by 
Charles Hancock in 1^44 is used. It consists simply of two steel rolls grooved on their surface. 
The grooves on each roll are semicircular, so that when the rolls are superposed a series of cylindri¬ 
cal orifices is formed between them. The material, previously heated, is passed between the rolls, 
which cut it into cylindrical strips, or strips of any desired shape of section, corresponding with the 
form of the grooves. Another method of cutting sheets into strips is by the use of a large number 
of parallel blades mounted on a single moving support. 

The form of calenders used in the manufacture of sheet gutta-percha is represented in Figs. 2282 
and 2233. The rolls are 6 feet 4 inches long and 22 inches in diameter, each one weighing about 
7,000 lbs. They are heated by steam. 

Gutta-percha tubes are made by forcing the gum over a steel mandrel held as a core in a cylinder 
of iron. As the material is hot on emerging, the sides of the tube would naturally stick together. 
To prevent this, the tube as fast as it is formed is led through a vat of water some 50 feet in length. 
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Tbe witcr, pressing equally on the interior as well as the exterior of the tube, keeps it in shape until 
it cools and sets. By this means a single tube of nearly 1,100 feet in length has been made without 
I break of any kind. 



IWIUb purpose the gum is puri- 
M vtt the greatest care, and 
is ftoeed iii a i^linder, where it 
is iHft phatie hy beat, and at 
tha Me liiiis is stro^y oom- 
PMM hgr a piston, fte wires 
Mffieg the core iA tbe cable 
u4 SMnd to pass throng a 
dtoalwr bito whkb the gum also 
caiM%*BA St the same time are 
rotated, so that they emerge oot- 
ered with a layer of gutta-percha, 
which is increased in thickness as 
derired by repetitions of the pro¬ 
cess. 

Vulcanization of gutta-percha 
is effected in the same manner as 
that of India-rubber. The opera¬ 
tion renders the material much 
harder, but it is not nearly so 
neeesi^ to adapt it to yarious 
purposes as in the case of caout- 
choQc; hence it is not often done. 

The impossibility of working or 
diasolring gutta-percha or rub¬ 
ber after Tulcanization has led 
to many attempts to remoye the 
Bclphor, the most successful of 
which is noted under India-Rub- 
Rx. In yulcaniring gutta-percha, 
the proportion of sulphur 
is increased and the heat prolonged, a yery hard black substance is produced, which is susoeptible 
of high polish, and which may be worked like iyory. This is commonly made into combs and yarious 
objects of art Gutta-percha is largely used by dentists as a foundation for artificial dentures. 
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Works for Reference .—See articles “ Gutta-Percha ” in Ure’a “ Dictionary of Arts and Manufac¬ 
tures,” and in the “American Cyclopaedia.” See also Figuier’s “ Merveilles de I’Industria” 

GYROSCOPE.* A name applied to various instruments designed to illustrate the phenomena of 
rotation. The most curious and generally interesting form of gyroscope, rightly named “ mechanical 
paradox,” Fig. 2234, although its principle was discovered long before its first construction, consists 
essentially of a disk revolving on pivots within a ring, having on the line of prolongation of its axis, 
on one side, a bar or spur with a smooth notch beneath to receive the hard smooth point of an up¬ 
right support. Thus placed, when the disk is not turning, the whole falls, of course, like any heavy 

body unsupported. Rotate rapidly by unwind¬ 
ing a string, set on the support, but uphold the 
opposite side of the ring; no peculiar move¬ 
ment then occurs. But if while the disk is rap¬ 
idly turning, the bar being on the support, the 
opposite side be set free, the whole, instead of 
falling, as would be expected, commences a 
steady revolution in a horizont^ circuit about 
the point of support, moving more rapidly as 
the primary rotation is expended, and sinl^g, 
at first imperceptibly, then more rapidly, until 
in from one to three minutes it comes to rest. 
Mathematical analysis shows that when set free 
it continually falls and rises, but this motion is 
not visible. The disk started with its axis in 
or below the horizontal never rises, without 
aid, above its first position. Started with high 
speed above the horizontal, it may rise; and if 
its connection with the support allow, as when 
this is by a ball and socket, it may even ascend to a vertical position, and spin as a top. Arrested in 
its traveling movement, it always descends; hastened, it rises. Checked in any part, it inclines in the 
direction of that part. In the form now ^ven, the traveling or orbital movement is always in the 
direction in which the bottom of the disk is going. But if the axis be prolonged beyond the support, 
and the disk and ring slightly overpoised by a weight on the other side, then the disk always travels 
in the direction in which its top is going, and nearly all the phenomena are reversed. Many other 
curious results may be obtained; it will here be added further only that the disk below the horizon¬ 
tal is always, and above it usually, slowly falling; and that the orbital motion invariably takes 
place towaid that side of the disk in which the force of the rotation about its own axis is most re¬ 
sisted or checked. For proof of this latter principle, let any small wheel be rotated, and while turn¬ 
ing mb or seize it upon any side; the rotation in this side being thus checked, and actually or in 
effect subtracted from, that in the opposite side preponderates, and the wheel is urged toward the 
side in which the checking occurs. 

Perhaps no completely satisfactoiy explanation of the phenomena can be given without employing 
the language and processes of the higher mathematics. This has been done in a very complete 
manner by Gen. J. G. Barnard in a paper published in the “ American Journal of Education ” for 
June, 1857, and also published separately under the title “Analysis of Rotary Motion as applied to 
the Gyroscope ” (New York, 1867). The following explanation, proposed by Dr. Levi Reuben of 
New York, is perhaps as satisfactory as it is possible to give without the aid of mathematics. There 
are two facts to be explained: support, and orbital movement, or traveling about the supporting 
point. For the first, suppose the disk composed of 1,000 equally heavy particles. When it is set 
rotating and released, each of these particles is, as a separate ball, acted on by two moving forces, 
that giving the rotation, and that of gravity; but the whole is also held together by the constrain¬ 
ing action of cohesion. Suppose that, when released, the axis points below the horizontal; gravity 
acts in vertical lines and equally on all the particles. Its direction and amount may be represented 
by equal short pendent threads dropping down from all the particles. If the particles be also sup¬ 
posed in a single plane, the extremities will all lie in a new plane, slightly without and below the 
plane of the disk, and parallel with it. The forces impressed in giving rotation upon the several 
particles of the disk will all point in its plane, being represented at any moment by tangents to the 
circles in which the several particles move, pointing in all directions, and varying in length from the 
axis, where this is zero, to the periphery, where it is a maximum. But the resultant movements or 
tendencies of the particles roust all terminate in the exact plane in which the gravitative components 
were seen to terminate. Every particle thus acted upon, then, tends to go outward or forward into 
the new plane already referred to. The several pressures are to points scattered somewhat widely 
in that plane; but owing to the cohesion of all the particles, they are constrained to move or press 
forward in a body. Tlie effect is as if the whole disk were pulled outward and very slightly down¬ 
ward, while the pivot in the notch reacts or pulls in the opposite direction; and the wheel is sup¬ 
ported, in part, as if slung up by strings attached to its two faces and pulled in opposite directions. 
When the disk is above the horizontal, the new plane is behind or within it; it then pushes against 
the pivot, and, this reacting, there occurs support by opposite pressures, instead of tractions. Thus 
we discover one reason why no material support is needed for the remote end of the axis; while as 
a consequence of this view, if the axis be horizontal it must first sink slightly, yet it may be only im¬ 
perceptibly, before support can occur. This agrees entirely with the results of mathematical analysis. 

In the second place, why does the disk travel around the supporting point ? When not overpoised, 


♦ From the “ American Cyclopapdia.’’ 
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griTitatioii acting downward, and rotation, in the ascending side of the disk, upward, the latter is in 
effect decomposed into a horizontal and a yertical component, the horizontal expressing itself in the 
pressure already referred to, the vertical being resisted or antagonized by the force of gravity; the 
result for eadi particle being the sum which &e latter as a negative quantity would form with the 
former. In the ascending side, therefore, gravity overbalances, equals, or diminishes, according to 
the place of each particle, the rotative force of ascent acting upon it; but to the vertical component 
of rotative force of all the particles in the descending side it adds alike a quantity of action 
equal to its own amount. Hence, the whole rotative force in the descending half may be considered 
ts increased, that in the ascending as diminished. There will be some point in the ascending half at 
which the vertical component of rotation equals gravity; this will become in effect a point of rest, 
or of DO action. This is then the point pier^ by the resultant axis—^the point about which all the 
paitides under the combined forces will tend to revolve: those in the ascending half starting with 
less radii to sweep around this point as a centre; those in the descending starting with longer radii, 
and sweeping in longer curves about the same point. Thus the disk is continually carri^ to the 
aide in which the action is most checked; and this constitutes the traveling movement. When over¬ 
poised on the opposite side, the action of gravity on the disk itself is upward, the axis acting as a 
kver, the support on which it rests as a fulcrum: the rotative force of the descending partides is 
now reaisted by it; and for a like reason the disk now moves toward its descending side. When not 
overpoised, the traveling movement of the disk itself introduces a new element into the case, by re- 
■isti^ die rotating of particles in the upper half backward in the course of movement. This checks 
lod (Uminishes the action in the upper half of the disk, and constitutes a new source of support by 
generating a tendency upward; a^ it is doubtless this part of the action that raises the disk at 
times to an erect position. The principles thus arrived at explain also why the disk travels faster 
as Its axial rotation lessens, and also when weights are added to it; why in the ordinary form it 
rises if its motion is hastened with the hand; why, if overpoised, it descends by being hastened, and 
rises on being delayed in its orbital movement; and in fact, it may safely be said, every phenomenon 
which die Instrument can be made to present. The same explanation, in effect, applies if the rotat* 
bg body be a sphere, or of any other form 

The facts of support and orbital movement, though separately considered, are really but two dif¬ 
ferent expressions of the same phenomenon; the two actions, here for convenience separated, really 
conspire in one movement, and that is the composition of a rotation caused by gravity with an¬ 
other imparted by the hand. The reason why the rotating body does not fall is that, in such a 
body, whenever its plane is oblique to the vertical, gravity is no longer allowed to act singly, 
but most in every instant enter into composition with an¬ 
other force. Hence the body in such case cannot simply 
fdl, but must move toward such new place in space as the 
combined actions shall determine; and hence, again, the 
same force which ordinarily produces a vertical fkll, here 
carries a body round in a horizontal circle, or secondarily 
sometimes even causes it to ascend. The weight of the ro- 
tatmg dbk, however, is in all positions sus^ned by the 
support and base on which the apparatus rests. In this ex¬ 
planation, the distance through which the gravitative force 
acts has been taken as very short, because by experiment 
and calculation it can be proved that, unless the weight of 
the ring is very great, the whole downward action of grav- 
itj on the disk is very slight compared with that of the ro¬ 
tation 6rst imparted by the hand, sometimes as small as in 
the ratio of 1 to 40 or 60. 

HACKLE. See Flax Machinxrt. 

HAMMERS, HAXD. The nature of work to be done by 
hammers calls for very great differences, not only in the 
form, material, and weight of the hammer-head, but also in 
the appendages to it. There are the material and form of 
die himdle, the angle at which the handle should intersect 
the axial line of the hammer-head, the position of the cen- 
tn of gravity with respect to the intersection of this axial 
Hae, a^ the length and elasticity of the handle. If the 
eratre of gravity is not in the central line or longitudinal 
axis of the hammer-head, then there is a tendency to bring 
the hammer down on the edge of the face, and not on the 
bee. If this defective construction be great, the muscles 
of the wrist may not be strong enough to counteract the 
tondeoev. If the defective construction be slight, then the 
*ork is often marked with angular indents. Arrangements 
too may be required for modifying the intensity of the blow 
vhile retaining the effects resulting from a heavy hammer, 
vbere a light one would be inefficient. 

hi deaiiDg with hammers the following questions claim 
owrfnl consideration: What power or energy is in a hammer of known weight moving at a known 
vetedtT, if brought to a state of rest by impact on a block ? Can this impact effect of a hammer 
be eooverted into simple pressure, and be stated as a load or weight placed where the impact is 
requisite to produce the same effect as the impact did ? If the mode of solving the first question 
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be made clear, then the answer to the second can be readily obtained. The measurable elements 
which affect the result are a Yariation in the mass of the hammer-head and a variation in the length 
• of the handle. By a varied mass there is a varied weight in the hammer; by a varied length of 
handle there will, with the same muscular effort, be a varied velocity in this mass; and upon a com¬ 
bination of mass and velocity depends the produced energy. (See DvNAincs.) Now, if a mass of 
metal moving at a known velocity strike an object, the energy of the blow results from the condi¬ 
tions at the moment of impact For example, the work done in the hammer Fig. 2236, as it 
strikes the nail iV, does not depend upon its velocity through the arc Q but only upon its velocity 
when commencing contact with the nail Hence, so long as the material which gives the blow and 
the mass of it are the same, it is not of any consequence how the velocity was accumulated. It may 
result from centrifugal or rectilinear action, or from muscular effort, steam pressure, or gravity. 
Hence, other elements remaining unchanged, whatever accelerates the velocity of a hammer increases, 
according to very clear rules, the energy of that hammer. 

Custom and certain mathematical considerations have led to the adoption of the height of the fall 
needful to impart a velocity, rather than the velocity itself, as the element to be combined with the 
mass of a hammer in order to determine its actual energy. It may therefore be stated that the 
simple pile-driving machine or drop-hammer, in which the head falls under the action of gravity 
only, is the representative form into which all hammers must be converted in oi'der to calculate en- 
er^. The laws governing falling bodies, explained fully under Dynamics, will make clear the prin¬ 
ciples governing the present case. To estimate the work in the blow of the hammer, the space 
through which the hammer-head must fall under the influence of gravity, in order to acquire the 
velocity of impact, must be determined. Then, if this deduced space be combined with the weight 
in pounds of the hammer, we shall have the measure of the energy of the latter. 

Example, —Suppose a hammer-head weighs 2 lbs., and the velocity at the instant of the blow was 
observed to be at the rate of 26 feet per second : then the space through which under the Influence 

V* (26)* 625 

of gravity it must have fallen to acquire this velocity will be «= — = -—= —- = 9.7 feet, 

2^2x 32.2 64.4 ’ 

or 10 feet nearly. Then the work of one blow of that hammer would be represented by 2 x 10 = 20 
foot-pounds; that is to say, the blow of this two-pound hammer would produce an effect similar to 
that of a weight of 20 lbs. falling through a space of 1 foot, or 40 lbs. through 6 inches, or 240 
lbs. through 1 inch. The following table, by Major Maitland of the Royal Gun Factories, Woolwich, 
England, gives a number of valuable experiments and calculations relative to hammers. They were 
made upon copper cylinders, and the mean from three experiments of the compression of each from 
one blow of the hammer, described in the first and second columns, is stated in the third; the other 
columns in the table explain themselves: 


Table Showing Force of Hammers. 




1 


1 


A 

i 


II 

IVJ 








X 


*5 *^1 - 



1 


i 



1 

if. 

1 

j’ 

■9 1 - 5 R 

Itci I 

NATURE OK HAMMER. 

1 

ec 

fl 

1 

1 

1 

^1 

1 

•a 

S 

1 

1 

1 

S 

ll 

1 

1 

1 

1 

a 

i 

t 

1 

S “ 6 -.S 

SJ5 1 . 2 ^. 

- 8 

IVAl 


Lbs. 

loch. 

a, .146) 

loch. 




Foot-ponndi. 

Koot-poonda. 



Hand. 


6 , .ire V 

.158 

14 

(say) 96 

8 

886,000 

2 , 688,000 

48.8 

2.0 


c. .159 ( 

1 d, ) 


( 

I 







Light Blodge (raised)... 


I «, .829 5- 

r S14 1 

.826 

69 

48 

^4 

708,000 

8,009,000 

87.9 

4.0 


i 

y, .oi*i 1 

0, .326 ) 









Light sledge (swung) .. 


1 h, .my 

' i S4S j 1 

.835 

65 

43 

44 

780,000 

8,816,000 

89.S 

4.8 


( 

; 4, .874 ) 

! h .«T6 y 
A .871 ( 









Heavy slcdgo (raised).. 


.874 

98 

86 

84 

882,000 

8,087,000 

81.6 

5.8 


i 

»7i, .876 i 









Heavy sledge (swung).. 

i 1 

1 n. .874 S- 
0 , .877 

.876 

100 

86 

84 

900,000 

8,160,000 

82.0 

e.o 

1 


Internal Effeds of Hammering on Jfdals. —Besides the surface work produced by hammers, there 
is some hitherto mysterious and as yet uninvestigated internal work done by them. If an iron bar 
be held in the line of the dip of the magnetic needle and struck upon the upper end with an ordinary 
hammer, it will become polarized^ one end repelling, the other end attracting, the magnetic needle. 
Reverse the bar and strike it on the opposite end os many blows as before were given, and both 
ends will attract the magnet. Give two or three more blows, and the bar shows magnetic effects the 
reverse of those first obtained. Something, therefore, has occurred in the bar due to hammer-im¬ 
pact, and the recognition of this makes it in a measure apparent why the compass needle in iron 
ships may be affected in consequence of the tremor to which the vessel is subjected owing to blows 
from the waves. 
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These magnetic manifestations seem to be accompanied with internal material changes, which 
sometimes n^e their existence too clear by fractures as unexpected as they are dangerous. In the 
Engine Works at Crewe, England, numerous inyestigations have been made into the consequences of 
blows as from hammers upon cold metals. In one case an axle of a locomotive tender, with its 
wheels, was subjected to a series of blows, which were successive, periodic, and adjust^. The 
dimensions of the axle were 6 feet IH inches long and 6| inches ^ameter where the wheel was 
ke^ on. It projected inches beyond the wheel. A weight of 60 lbs. was caused to fall from a 
b^t of 5 feet upon the same part of the axle. In the case of an iron axle, a crack manifested 
itself after 6,128 blows, and the axle was broken by 9,848 blows. When the a^e was of steel and 
of the same dimensions, the weight struck 50,000 blows from a height of 5 feet. Afterward 8,040 
blows were given by the same weight falling from a height of 10 feet; and then the axle broke in 
two pieces. It is remarkable that in this case there were no previous signs of injury, the sound 
caas^ by the blow previous to that which fractured the axle being as clear in its ring as that emitted 
bj the first blow struck. Calculated according to the principle already detailed, the measure of the 
energy expended before the iron axle cracked is represent^ by 6,128 x 60 x 5 = 1,838,400; and 
after being cracked and before the fracture by 8,716 x 60 x 6 = 1,114,500; making a total energy of 
2,952,000. Now, before the steel axle was fractured there was expended upon it first an energy rep- 
resented by 50,000 x 60 x 5 = 16,000,000, and this was succeeded by 3,040 x 60 x 10 = 1,824,000; 
L e., before the fracture the steel axle was subjected to a total energy of 16,824,000, or to about 9 
times the hammering dven to the iron before the latter cracked. 

Effedt of Heavy ofM light Hammers, —An inquiry of much interest with respect to hammers is; 
What difference is product on a materiid if struck by a light hammer moving at a high velocity, 
sad by a heavy hammer moving at a low velocity ? For example: Suppose a hammer weighing 2 
lbs. strikes an object with a velocity of 40 feet per second; then the height from which that hammer 
most have fallen under the action of gravity only would be 24.845 feet. The work done would there¬ 
fore be represented by 2 x 24.845 = 49.690 foot-pounds—say 50. Again, suppose a hammer weigh¬ 
ing 10 lbs. strikes the same object with a velocity of 18 feet per second ; ^en the height from which 
that hammer must have fallen under the action of gravity only would be 5.0311 feet. The work 
done therefore would be represented by 10 x 6.0311 = 50.311, or say 50 again. 

Hie two hammers are thus said to have the same amount of work in them, or to be capable of 
doi^ equal work. Tet in practice their effects are by no means identical. It is a well-known ex¬ 
perimental fact in mechanics that if a scries of balls be suspended as shown in Figs. 2236 and 2237, 
sad if one ball A be lifted and allowed to strike the row of balls, no matter what the velocity of that 
biU may be, but one ball will be caused to swing off at the opposite side B, If two balls be lifted 



and allowed to swing against the rest, as in Fig. 2287, then two balls will be thrown off at the other 
end; and so on. No increase of velocity will alter the corresponding number of balls thrown off at 
the opposite side, though it will the distance these balls travel. Now let the balls in line represent 
the atoms or molecules of a body: the impinging balls will be hammers of different masses. The 

90a 994a 



heavy hammer, so to speak, transfers its mass into the interior of the struck object, while the 
fighter hammer, acting on the same principle, does not put so much of the material in motion. In 
the case of riveting, it may be inferred that by the use of a heavy hammer the hot, soft rivet might 
he made to fill in &e recesses of the rivet-hole, while the lighter hammer would simply close over 
and finish off neatly ihe hammered end, without a cup-swage being put over it. Similar considera- 
66 
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tions to the foregoing underlie the use of light and heavy projectiles fired at high and low velocities 
from cannon. 

Forms of Hammen. —Figs. 2238 to 2241 are different forms of engineers* hammers, varying 
chiefly in the form and angle the pene makes to the head. Figs. 2242 to 2245 are plumbers* ham> 
ihers, Fig. 2242 being used both as a hammer and as a swage. Fig. 2246 is a mason*s hammer. 
Figs. 2247 and 2248 show the forms used by boiler-makers. Fig. 2249 is a cooper*8 hammer, and 
Fig. 2250 a ship-carpenter*s claw-hammer. Hg. 2251 is a coach-trimmer*s, and fig. 2252 a slater’s 
hammer. Fig. 2253 is a fireman’s hatchet or tomahawk hammer, and Fig. 2254 is a caipenter’s 



mallet, which should be made of hickory, the sizes being, one 2^ x 3 x 5 inches long, and another 
about 8 X 3| X 5^ inches long, the handles being mortised and properly wedged to the head. 

Mardpulaiion of the Hammer ,—^The operations performed by the hammer may be classified as: 1, 
driving; 2, bending; 8, stretching or expanding. The first two are comparatively rude operations, 
but in the last named the exercise of unusual skill and judgment is required. When stretching by 
means of the hammer is resorted to for the purpose of altering the form of work to bring it to a 
required form, regardless of straightness and flatness, it is termed “ pening,” or sometimes “ pan- 
ing; ” when flatness or truth is the end sought, the operation is termed straightening. In pening, 
very light strokes are given, so as to cause the effects of the blows to remain at or near the surface 
of the metal. But in straightening, heavier blows are delivered, and the effects penetrate the work 
correspondingly to a greater depth. The principle involved in the operation of pening is that of 
stretc^g the surface receiving ^e blows, which causes the pened surface to lift al^ve the plane of 


2947. 2248. 



the original surface. Thus, suppose a plate of iron to be bent as shown in Fig. 2255. The delivery 
of light blows, as denoted by the small circles at .d, would stretch that side of the plate without 
affecting the opposite surface, and by elongating it cause the plate to straighten; or if the pening 
were suflBcient, the plate would become bent in the opposite direction, the convex surface becoming 
the concave one. 

The hammer used by plate-straighteners and saw-straighteners, shown in Fig. 2256, is termed a 
“ long cross-face ”—** long ” because, being intended to be used as a sledge, it is provided with a 
long handle, and ** cross-face ” because the length of the face on one end stands crosswise with the 
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length of the face on the other. This hammer causes the metal to rise or lift in front of it^ the 
direction in which the rise takes place depending upon the direction in which the length of the ham¬ 
mer-face strikes the plate. Suppose, for example, that we strike the blows shown at the end A of 
the plate shown in fig. 2257, and that we then turn the hammer upside down and strike the blows 



denoted by the marks at B in the same figure (this the workman can perform by reversing the 
hammer, without changing his position); the result will be to curl up the plate as denoted by the 
dotted lines. This eflfect is produced by two causes, the first of which is the shape of the hammer- 
iace, and the second is the direction in which the blows fall. Fig. 2258 represents an iron plate 



^th one each of the blows shown in Fig. 2257 delivered upon it at B and C. Then, the indenta¬ 
tion of the plate being denoted by the full line, the tension caused to the surrounding iron will be 
indicated by the dotted lines. It will be noted that these dotted lines are in each case longer on one 
^ of the mark than on the other; and the reason is that the effect is greater on that side, or rather 
in that direction, because the hammer does not fall vertically upon the plate, but somewhat aslant 
If the plate shown in Fig. 2257 be turned up on edge so as to appear as in fig. 2259, the direction 
in which the hammer would travel when striking the blows at A in fig. 2257 is denoted by the 
arrovs B in Fig. 2259; while if we turn up the same plate so that its edge 2) in Fig. 2258 will ap¬ 
pear as the ed^ D in fig. 2260, the direction of the blows shown at B in Fig. 2257 will be denoted 
by the arrows B in Fig. 2260; so that both the shape of the hammer-face and the direction of the 
blow conjointly act to draw or bend the plate in the required direction. If we take a ball-faced 
hammer, the effect produced will be as shown in fig. 2261, in which the circle ./I represents the 
mark left hy a ball-face or pene hammer, and the diverging dotted lines show the effect of the blow 
open the surrounding iron. B represents a blow delivered by the same hammer, which while falling 
triTeled also in the Erection of the arrow C, the direction effects of the blow being denoted by the 
dotted lines. 

We next come to the twist-hammer, shown in Fig. 2262. This is a hand-hammer with the two 
faces standing parallel to each other, but diagonal to the body of the hammer; so that, by turning 
Ihe handle in the hand, the direction of the hammer-marks will be reversed. Suppose, for example, 
fimt in Hg. 2263 the outlines represent a plate; the lines slanting one way, as at A^ will represent 
^iammer-marks made by one face, and those slanting the other way, as at A made by the 

other face of the hammer, the direction or line in which the hammer fell being the same in both 
cases. By very little moving of the position of the hammer-handle, then, and by turning the ham- 
DKT as require^ the workman can place the hammer-marks in any necessary direction, as shown by 
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the remaining marks in Fig. 2268, without needing to change his position. The iron-worker often 
employs this means to alter the form of girder-r^s, shafts, etc., that are too rigid to be bent by 
ordinary hammer-blows, as well as to close and refit work. Suppose, for instance, the strap shown 



in Fig. 2264 was too wide at A. It may be rested on a bench or wooden block E and pened at the 
comer C, If, however, the strap had a sharp instead of a round comer at C, it would be neces¬ 
sary to rest the two ends of the strap-jaws on the bench, and, using the ball pene, deliver the blows 
shown by the marks at D. In either case, the effect will be to close the distance between the jaws 
at A. The reason in the latter case for pening the strap in the middle is that, since the pening will 
tend to round the face lengthwise, filing out the pening marks will tend to straighten that face, and 
may be more quickly performed ; for, if we were to pene the face in two places, the filing out of 
the marks would aid ^e pening to round the face. It is obvious that, were the jaws too narrow at 
A^ pening the inside crown face of the strap would widen them. The blows should fall dead; that 
is, the hammer should fall, to a great extent, by its own weight, the number rather than the force of 
the blows being depended upon; hence the hammer-marks will not be deep. This is of especial im¬ 



portance when pening has to be performed upon finished work, because, if the marks sink deeply, 
proportionately more grinding or filing is required to efface them; and for this reason the force of 
the blows should be as near equal as possible. Another and a more important reason, however, is 
that the effect of the pening does not penetrate deeply; and if much of the pened surface is re¬ 
moved, the effects of the pening will be also removed; for, as a mle, the immediate effects of the 
blows do not penetrate deeper than about one-thirty-second of an inch. While the work is being 
pened, it should be rested upon a wood or a lead block, and held so that the part struck is supported 
as much as possible by the block. In no case should it be rested upon an iron or any haid-metal 
block, as that would tend to stretch the under face, and partially nullify the effects of the pening. 

In straightening work of cast-iron, pening bears an important part, especially in the case of iron 
patterns or light iron castings. Suppose, for example, that Fig. 2265 represents an iron casting, and 
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that the distance A from the centre of one double eye to that of the other was too short; by pening 
the arms on the faces denoted by j?, C, and in the place denoted by the distance A could easily 
be made correct. If the width at A were too great, similar pening at C, D would be required. 

The skill demanded in the straightening processes consists not so much in delivering the blows as 
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in disooreriDg preciaely where they shoald be delivered, because one misdirected blow increases the 
error in the plate and entails the necessity of many properly delivered ones; and though the whole 
pUte may be stiffened by the gross amount of blows, yet there will be created local tensions in vari> 
009 parts of the plate, rendering it very likely to spring or buckle out of truth again. If, for ex¬ 
ample, we take a plate of iron and harder it indiscriminately all over its surface, we shall find it 
terj difficult to straighten h afterward, not only on account of the foregoing reasons, but for the 
additional and most important one that the effect of the straightening blows will be less, on account 
of the hammered surface of the plate offering increased resistance to the effects of each blow; and 
after the plate is straightened, there will exist in it conflicting strains, an equilibrium of which holds 
the plate straight, but the weakening of any of which will cause the preponderance of the others to 
throw the plate out of straight. To discover where it is necessary to apply the hammer, the operator 
(if it is a diin plate) rests one end on the straightening block or anvil, and supports the other end 
with one hand while with the other he bends the plate. The unduly expanded parts of the plate 
then show themselves by their excessive movement 
under the bending process, and for this reason are 
called loo9e placet; while the unduly contracted parts, 
which are cadled iight placet^ offer more resistance to 
the movement, and therefore move less. The opera¬ 
tor requires to observe, besides the location, the shape 
of the loose place, so that he may know in what direc- 
ticRi the len^h of the hammer-face should meet the 
plate to str^^ the tight places in the proper direc¬ 
tion. If the plate is too heavy and strong to be tested 
bj springing it with the hand, it is held or rested on 
edge, when the shadows upon its face disclose the ex- 
puded and contracted pla^. In either case the ham¬ 
mer is similarly applied. An example is shown in Fig. 

2266, in which A is supposed to represent a loose place, and A -2) tight places. The ham¬ 

mer is therefore applied at C, and D, as denot^ by the small circles. This process, however, 
induces a tight pla<» at which is also hammered. 

In Figs. 2267 and 2268 is shown the process for removing kinks or bends at the edge of the plate, 
the dnmlar lines at A denoting a loose place. The hammer is first applied as at ^ / the plate is 
then turned over and hammer^ as at c in Fig. 2268, the lengths of the hammer-marks being in the 
direction shown. 

A valuable paper on the hammer, by the Rev. Arthur Rigg, from which extracts are made in this 
article, appears in the Journal of the Society of Artt^ xxiii., 813. J. R. (in part). 

HAMPERS, POWER. Of these machines there are three principal types: 1. Drop-hammers, in 
which the hammer is lifted and afterward allowed to fall by its own gravitation, delivering its blow 
after the manner of a pile-driver. 2. Trip-hammers, in which the hammer is lifted by a cam a^nst 
the compression of a spring or elastic cushion, which accelerates the fall of the hammer, and hence 
the force of the blow delivered, when the hammer arm or beam is released from the action of the 
cam. 3. Dead-stroke hammers, in which the connection between the hammer and the mechanism 
driving it is made elastic, so as to enable the hammer on its descent to increase in velocity independ¬ 
ently of the speed of the mechanism, and also designed to prevent the full shock due to the blow 
from bring imparted to the frame and other portions of the machine. To this last class belong the 
pneumatic hainmers. 

Dbop-Hamiikbs have become almost indispensable for the manufacture of small articles of iron 
and steel, sudi as parts of sewing-machines and fire-arms. They operate in connection with properly 
made matrices and dies, reproducing almost indefinitely the form in its exactness, and leaving the 
material in excellent shape for subsequent working. Drop-dies are usually made of refined cast- 
eteel, and they are often strapped with tough wrought-iron shrunk on after the dies are otherwise 
finish 

MerrUTt Drop-Hammer is represented in perspective in Fig. 2269. The operating mechanism is 
diown in section in fig. 2270. The hammer-head, which wei{^ from 800 to 1,800 lbs., is attached 
to a board of white oak: A ^hich passes up between two smooth friction-rolls A in the upper portion 
of the machine. These rolls revolve in opposite directions. The shaft upon which the front roll is 
keyed runs in eccentric sleeves, one of which is shown at C, placed in stationary boxes. When these 
slices are rotated a small portion of a drde, the front roll is moved nearer to or farther from the rear 
roll, and this movement is effected by the operator by means of the rod 2), which is connected with 
a treadle. When the rolls are closed together and pressed against the board, their friction on each 
Bide of the latter raises It, and thus elevates the hammer; then, when the rolls are separated, the 
head is free to fall by its own gravity. On the right of the machine. Fig. 2269, is shown a latch 
vfaich is connected with the treadle, and which may be pivoted at any elevation. On this the ham¬ 
mer rests in the beginning, and when the workman presses down the treadle he pulls back this latch, 
Bud at the same time through the rod D separates the rolls. The hammer then falls. The instant 
the blow is delivered, the operator removes his foot from the treadle, the drop-rod then falls, and 
the eccentric sleeve turning the front roll, aided by the pull of the belt, is forc^ against the board, 
raising the hammer up again. If it be desired to give a series of heavy blows, the latch is thrown 
batk, and the hammer is allowed to rise until it str^es a projection on the drop-rod. It thus lifts 
the latter, causes a separation of the rolls, and falls. By this arrangement the hammer may be 
made to follow the motion of the foot, and blows of any degree of lightness or shortness may be 
pven. 

The Hoichlntt A Stiles Drop-Hammer ,—The working portions of this hammer are represented in 
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Fig. 2271. A board is attached to the head, as in the preceding example, and passes between fric¬ 
tion-rolls. Motion from one to the other of the latter is communicated by cog-wheels B. Tlie teeth 
are always engaged, and hence the revolution is constant; but in order to cause the griping of the 
board, the shaft of one wheel, and consequently the roll thereon, is moved closer to the other. The 
teeth of the wheels are suflQciently long to admit of this movement. This sliding motion is effected 
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bj an eccentric C connected with a lever D. Clamps O are provided to enable the operator to hold 
hammer at will. 

In making drop-forgings, the metal is heated and placed in the lower die, but not in such a quan- 

2275 . 


the (fie and drive it down, doubling it up, so to speak. This is bad practice, as the air in the die 
heoomes tremendously compressed, and forces its way out, scoring the cast-steel of the latter almost 
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as sharply as if done by a file. Again, but a single blow should be delivered, as the first stroke 
usually spreads out a ^in sheet of metal on the surface of the die, which rapidly cools. If this be 
struck by the hammer, not only will the forging be thrown out of shape, but the die itself is liable 
to be injured. 

Trip-Hamvers.—F igs. 2272 and 2278 represent a small trip-hammer, such as is commonly used 
in forging spindles and bolts, and for swaging various other kinds of small work. A is the driving- 
pulley, with a flange on each side to guide the belt while running loose. This pulley is attached to 
the cam-shaft, upon the other end of which is the balance-wheel E. c is a foot-lever, connected 
with the catch 6 by a rod and spring, by means of which the hammer can be stopped or started 
without shipping the belt. F is a bed of timbers bolted together to form a support. O is the post 
in which the hammer-block is placed, and usually extends 4 or 5 feet into the ground, f is the rock¬ 
er, aajusted by screws and bolts, so that the hammer can be set at any taper. is a heavy cast-iron 
plate to which all other parts are connected, and which is bolted firmly to the timbers below. 

Figs. 2274 and 2275 represent another form of trip-hammer, in which 6 is the lifting-cam. 

Dead-stroke Hammers.— The Palmer Power-Spring Hammer is shown in Fig. 2276. The hammer 
slides in guides provided in the frame, motion being given to it by means of a spring pivoted at its 
centre and operated by a crank and connecting-rod, as shown. 

The Bradley Ctwhioned Hammer is shown in Fig. 2277. The upper hammer A is bolted to the tube 

which passes through, and is carried by a casting pivoted at (7 in bearing-blocks which may be 
adjusted in height (by means of the set-screw a and hand-wheel 6) so that the face of the upper 
hammer may meet the face of the work fair, notwithstanding variations in its thickness. Pivoted 
also at (7 is a triangular frame having the two sockets II for the reception of rubber cushions or 
springs F G. This frame receives motion from the connecting-link H^ to which it is pivoted. H 
receives motion from an eccentric upon the shaft J, As this frame lifts, it throws the tube against 
the rubber cushion which causes the motion of ^ to be reversed with considerable force. 

Pneumatic Hammer. —Fig. 2278 represents a sectional view of the air-cylinder of an improved 
atmospheric hammer invented by M. Chenot, and exhibited at the French International Exposition 
of 1878. When the crank A rises, it draws with it the pistons B and C. Piston B causes an ex¬ 
pansion in chamber 1. Piston C compresses the air in chamber 2, and produces expansion or partial 
vacuum in chamber 8. These effects unite to cause the entire cylinder D to rise, thus elevating the 
hammer E, The cylinder D continues its rapid upward motion until the crank passes the point F, 
Then the combined action of the ascending cylinder and descending pistons produces a strong com¬ 
pression of the air in chambers 1 and 8, and this air expanding drives down the cylinder and hammer 
with great force upon the anvil. Without the interposing air-cushion which always exists between the 
working parts, it is evident that this machine would be subject to severe and injurious shocks; but 
these seem to be avoided by the means stated. The movement of the hammer is controUed by 
mechanism connecting with the brake G. 

HAMMERS, STEAM, DIRECT-ACTING. The conditions fulfilled by steam as a driving medium 
for hammers are summed up by Mr. J. Richards, in his **Workshop Manipulation,** as follows; 1. 
The power is connected to the hammer by means of the least possible mechanism, consisting only of 
a cylinder, a piston and slide-valve, induction-pipe, and throttle-valve; these few details taking the 
place of a steam-engine, shafts, belts, cranks, springs, pulleys, gearing—in short, all such details as 
are required between the hammer-head and the steam-boiler, in the case of power hammers. (Sec 
Hammers, Power.) 2. The steam establishes the greatest possible elasticity in the connection be¬ 
tween a hammer and the driving-power, and at the same time serves to cushion the blows at both 
the top and bottom of the stroke, or on the top only, as occasion may require. 8. Each blow given is 
an independent operation, and can be repeated at will, while in other hammers such changes can only 
be made throughout a series of blows by gradually increasing or diminishing their force. 4. There 
is no direct connection between the moving parts of the hammer and the framing, except lateral 
guides for the hammer-head; the steam being interposed as a cushion in the line of motion, this 
reduces the required strength and weight of the framing to a minimum, and avoids positive strains 
and concussion. 6. The range and power of the blows, as well as the time in which they are de¬ 
livered, are controlled at will; this constitutes the greatest distinction between steam and other 
hammers, and the particular advantage which has led to their extended use. 6. Power can be trans¬ 
mitted to steam-hammers through a small pipe, which may be carried in any direction, and for almost 
any distance, at a moderate expense, so that hammers may be placed in such positions as will best 
accommodate the work, and without reference to shafts or other machinery. 7. There is no waste 
of power by slipping belts or other frictional contrivances to graduate motion; and finally, there is 
no machinery to be kept in motion when the hammer is not at work. 

Steam-hammers are divided into two classes—one class having the valves moved by hand, and the 
other with automatic valve movement. The action of steam-hammers may also be divided into what 
are termed elastic blows and dead blows. In operating by elastic blows, the steam-piston is cushioned 
at both the up and down stroke, and the action of a steam-hammer corresponds to that of a helve 
trip-hammer, the steam filling the office of a vibrating spring; in this case a hammer gives a quick 
rebounding blow, the momentum being only in part spent upon the work, and partly arrest^ by 
cushioning on the steam in the bottom of the cylinder under the piston. Apart from the greater 
rapidity with which a hammer may operate when working on this principle, there is nothing gained, 
and much lost; and as this kind of action is imperative in any hammer that has a “ maintained or 
positive connection ’* between its reciprocating parts and the valve, it is perhaps fair to infer that 
one reason why most automatic hammers act with elastic blows is cither because of a want of 
knowledge as to a proper valve arrangement, or the mechanical diflBcultics in arranging valve-gear to 
produce dead blows. In working with dead blows, no steam is admitted under the piston until the 
hammer has finished its down stroke, and expended its momentum upon the work. So different is 
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changed so as to work with either dead blows or clastic blows at pleasure, thereby combining all the 
adTantages of both principles. This brings the steam-hammer where it is hard to imagine a want of 
further improvement. The valve-gearing of automatic steam-hammers, to fill the two conditions of 
allowing a dead or an elastic blow, furnishes one of the most interesting examples of mechanical 
combination. It was stated that to give a dead or stamp stroke, the valve must move and admit 
steam beneath the piston after the hammer has made a blow and stopped on the work, and that such 
a movement of the valve could not be imparted by any maintained connection between the hammer¬ 
head and valve. This problem is met by connecting the drop or hammer-head with some mechanism 
which will, by reason of its momentum, continue to move after the hammer-head stops. This me¬ 
chanism may consist of various devices. Messrs. Massey in England, and Messrs. Ferris & Miles in 
this country, employ a swinging wiper-bar, which is by reason of its weight or inertia retarded, and 
does not follow the hammer-head closely on the down stroke, but swings into contact and opens the 
valve after the hammer has come to a full stop. By holding this wiper-bar continuously in contact 
with the hammer-drop, elastic or rebounding blows are given; and by adding weight in certain posi¬ 
tions to the wiper-bar, its motion is so retarded that a hammer will act as a stamp or drop. A Ger¬ 
man firm employs the concussion of the blow to disengage valve-gear, so that it may fall and effect 
this after-movement of the valves. Other engineers effect the same end by employing the momentum 
of the valve itself, having it connected to the drop by a slotted or yielding connection, which allows 
an independent movement of the valve after the hammer stops. 

Another principle to be noticed in connection with hammers and forging processes is that of the 
inertia of the piece operated upon—a matter of no little importance in 2ie heavier kinds of work. 
When a piece is placed on an anvil, and struck on the top side with a certain force, the bottom or anvil 
side of the piece does not receive an equal force. A share of the blow is absorl^ by the inertia of 
the piece struck, and the effect on the bottom side is, theoretically, as the force of the blow, less the 
cushioning effect and the inertia of the pieces acted upon. In practice this difference of effect on 
the top and bottom, or between the anvil and hammer sides of a piece, is much greater than would 
be supposed. The yielding of the soft metal on the top cushions the blow and protects the under 
side from the force. The effect produced by a blow struck upon hot iron cannot be estimated by the 
force of the blow; it requires, to use a technical term, a certain amount of force to ** start ” the 
iron, and anything less than this force has but little effect in moving the particles and changing the 
form of a piece. 

Another object gained by equal action on both sides of large pieces is the quality of the forgings 
produced, which is generally improved by the rapidity of the shaping processes, and injured by too 
frequent heating. To attain a double effect, and avoid the loss pointed out, Mr. Ramsbottom de¬ 
signed what may be called compound hammers, consisting of two independent heads or rams moving 
in opposite directions, and acting simultaneously upon pieces held between them. It would be in¬ 
ferred that the arrangement of these double-acting hammers must necessarily be complicated and 
expensive, but the contrary is the fact. The rams are simply two masses of iron mount^ on wheels 
that run on ways, like a truck, and the impact of the hammers, so far as not absorbed in the work, 
is neutralized by each other. No shock or jar is communicated to framing or foundations, as in the 
case of single-acting hammers that have fixed anvils. The same rule applies in the back stroke of 
the hammers, as the links which move them arc connected together at the centre, where the power is 
applied at right angles to the line of the hammer movement. The links connecting the two hammers 
constitute, in effect, a toggle-joint, the steam-piston being attached where they meet in the centre. 
The steam-cylinder which moves the hammers is set in the earth at some depth below the plane upon 
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which they move, and even when the heaviest work is done there is no perceptible jar when one is 
standing near the hammers, as there always is with those which have a vertical movement and are 
single-acting. 

The Naemjfth Steam-Hammer is one of the best-known forms of this machine. In Fig. 2279 the 
hammer-block, valve-gear, and other working parts are disposed in the positions which they occupy 
at the termination of a stroke. Fig. 2280 is a general plan corresponding to the above. 

Fig. 2281 is an end elevation, and Fig. 2282 a vertical transverse section of the machine. 


Digitized by v^ooQle 


















farther secured by keys to a broad base-plate 
^ A imbedded in the solid masonry forming part 
of the floor of the forge. The standards are 
tannoimted, and their upper extremities united/ 
by t species of entablature ( 7 , in which the steam- 
and Talre-face are formed, and to the 
apper surface of which the steam-cylinder 2> is 
boiled- The piston-rod E is fitted to work ver- 
ficslly through a stuffing-box in the centre of this 
rtfiablaturc, and its lower extremity is directly 
•**a«hed to the mass of cast-iron forming the 
buDiner-block, which is guided to a strictly ver- 
Ik*! and rectilinear course by being made to work freely in planed guides formed on the interior 
ivfaces of the standards A A* The hammer a itself is inserted into a dorctail recess in the bottom 
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* of the block where it is retained by a wooden packing and iron wedges; while the anvil 6 is in a 
similar manner secured to the anvil-block O, 

Steam is led to the machine by the steam-pipe if / a throttle or shut-o£F valve c, Fig. 2288, in¬ 
closed within the valve-box /, being situated close to its junction with the main steam-valve chest 
and brought within the control of the attendant workman by means of the rod and lever d d. The 
alternate admission of the steam into the cylinder by the port /, and its escape therefrom by the 
passage p and waste steam-pipe are regulated by means of the slide-valve e, which may either be 
worked by hand, or, through the intervention of self-acting mechanism, by the action of the machine 
itself. Tlie piston L, which is strongly constructed of malleable iron, is fitted with a single packing- 
ring, works steam-tight within the cylinder Z>, and is attached by the piston-rod F to the hammer-block 

F. Steam acting l^neath the piston raises the ham¬ 
mer, and by opening the communication between the 
under side of the piston and the external atmos¬ 
phere, the action of gravity causes the hammer to 
descend upon the work placid on the anvil 
The mode adopted for connecting the piston-rod 
to the hammer-block consists in placing in a cylin¬ 
drical recess formed in the body of the bammer- 
block, and under the knob t, on the end of the pis¬ 
ton-rod, a series of pieces of hard wood, or other 
slightly elastic material, as in Fig. 2281. The effect 
of this arrangement is to allow the momentum of 
the piston and piston-rod to expend itself in a com¬ 
paratively gradual manner. The connection of the 
piston-rod and hammer-block is secured by means of 
the two keys k driven very firmly above the knob 
or button y, a layer or two of the elastic material 
being interposed for the purpose of neutralizing any 
shock in the contrary direction. 

We shall now proceed to describe the mechanism 
by which the height of the fall of the hammer, and 
consequent intensity of the blow, may be modified 
according to circumstances, and the machine made 
perfectly self-acting. 

The requisite alternating motion of the steam- 
valve e is produced in the following manner: The 
valve-spindle I is prolonged upward and attached to 
a small solid piston m, working within a short cyl¬ 
inder if, bolted to the main steam-cylinder 2>. A 
small portion of steam is supplied al^ve the piston 
m by a slender copper tube n, communicating with 
the steam-valve chest J; by this arrangement it will 
be seen that, unless counteracted by some superior 
force, the pressure of the steam upon the piston m 
will tend to keep the valve e constantly depressed, in 
which position the steam-port / is fidl open. Tills 
counteracting force is supplied by the action of the 
hammer itself; for, by means of the tappet N (which 
is bolted to the hammer-block), coming into sliding 
contact, when the latter is raised, with the small 
friction-roller o, mounted on the end of a bent lever 
O 0, the screwed rod P, which is jointed to the op¬ 
posite end of that lever, is depressed, and that motion 
being communicated to the valve-spindle f, through 
the intervention of the connecting-rod Q and valve- 
lever the steam-valve e is rais^ thus cutting off 
all further ingress of steam under the piston, and 
almost at the same instant permitting the escape of 
that which had served to raise the hammer. By 
this simple contrivance the upward motion of the 
hammer is made the agent for its own control in 
that respect. By comparing the relative positions 
of the parts referred to, as exhibited in ilgs. 2279 
and 2283, the nature of the motion above described 
will be at once most fully understood. To obviate the injurious effects of the shock of the tappet 
N against the lever 0, a connection is provided at />, on a similar principle to that formerly described 
in reference to the connection of the piston-rod and the hammer-block; and In order to restrict the 
downward travel of the valve to the proper point, a check or buffer-box 8 is provided, consisting of 
a small cylinder bolted firmly to the framing of the machine, within which a circular nut, screwed on 
the lower end of the rod P, works as a piston, a few leather washers being interposed between the 
latter and the closed or upper end of the cylinder. From the above description it will be obvious 
that the lift of the hammer, and consequent intensity of the blows, depends simply upon the position 
of the lever 0, in relation to that of the hammer-block when at its lowest point. The rod P, which 
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conreTB the action of the lever 0 to the valve-lever By is susceptible of rotatory as well as vertical 
motion. This motion of rotation is imparted to it by means of a handle fixed to a short axis, work¬ 
ing in a bracket T bolted to the framing, and actuating a pair of small bevel-wheels g q. The nut 
throogb winch the screw works forms the point of attachment between the rod F and the lever O, 
the connection being effected by means of a short intermediate rod for the sake of insuring parallel¬ 
ism of motion. A pair of small spur-wheels r r (through the first of which the rod P works by 
meins of a sunk feather) serve to transmit the angular motion of the rod P to a similar screwed rod 
Uy siUiated parallel to and at a short distance from the former; the nut of the screw U forms the 
fidcrum or centre of motion of the lever 0, and the pitch of the threads of both screws being equal, 
thongh formed in contrary directions to each other, it is obvious that, on turning the handle, the 
lerer 0 and all its appendages will be simultaneously raised or depressed, and consequently the lift 
of the hammer regulated to any required extent, and its amount altered with the utmost ease and 
precision. The pin which forms the centre of motion of the lever O is protected and secured from 
kteral strains by the cast-iron guides V and Wy seen most distinctly in the sectional plan, Fig. 2280. 

A most essmatial part of the self-acting ^r remains yet to be noticed. It is obvious that, were 
DO provision made for the retention of me 
iteim-ralve in the position into which it is 
thrown by the upward motion of the hammer- 
bloek, the latter would not be permitted to 
hire its due effect in the accomplishment of 
its work; for, as soon as it descended so far 
IS to relieve the end of the lever 0 from con- 
tict with the tappet Ny the valve would re- 
some the posidun into which it is constantly 
solicited by the action of the tUcmi-tpring at 
Jfy ind the descent of the blow would be im¬ 
peded by the return of the steam into the cyl¬ 
inder b^ore the hammer had completed its 
&1L To obviate this inconvenience, a simple 
bat most effectual contrivance has been ap¬ 
plied. Toward the lower extremity of the 
vilre-screw F a shoulder is formed, against 
which a short lever te, called the triggery is 
eoQstintly pressed by the spring Xy so that 
when the rod P is depressed by the action of 
the lever 0, it is arrested by the trigger and 
retained in that position until the blow has 
been struck. To release the valve-screw from 
the trigger, and so permit the return of the 
valve into the position requisite for effecting 
I fresh stroke, the following mechanism has 
been adopted: On the front of the hammer- 
blodc, Figs. 2279 and 2283, a lever Xy called 
the lalMevfTy is fitted to work freely on a 
pin passing through the body of the hammer- 
blo^ Tlmt portion of the latch-lever which 
b most remote from the valve-gear is consid- 
erablj heavier than the opposite end, and is 
constantly pressed upwai^ by means of a 
^ring. The lighter end is brought into con¬ 
tact with a long bar a ay called the parallel bar^ 
the extremities of which are suspended upon 
two small bell-cranks tty whose other arms 
are connected by means of a slender rod Uy 
^ 2232, forming a species of parallel mo¬ 
tion, for the purpose of adapting this gear 
to come into efficient operation at whatever 
point in the range of the hammer its blow 
maj be arrested. A small connecting-rod tr, 
between the lower bell-crank and a short lever on the axis of the trigger w, completes this part ot 
the medunism. The action of this gear is of a very peculiar nature, and is admirably adapted to 
folfill the object intended. At the instant the hammer gives a blow to the work upon the anvil, the 
effect of the concussion is to cause the momentum of the heavy end of the lever X to overcome the 
^>pwird pressure of the spring, and thereby to protrude its opposite end against the edge of the par¬ 
allel bar «, which motion, though but slight in amoimt, is yet adequate, through the arrangements 
tbore described, to throw back the trigger from contact with the valve-screw, and leave the latter 
free to obey the impulse of the steam-spring in the readjustment of the valve into its original position. 

Tk$ Ferria & MUea Steairi-Hammer. —^In Fig. 2284 is shown a steam-hammer of modem design, 
constructed by Messrs. Ferris k Miles. The hammer has a weight of head of 700 lbs. Several 
peculiarities of design will be noticed, the most striking of them being that the head A is set at an 
^le ra the frame. The die C is of the oblong form shown in the drawing, as well as that of the 
aoTfl-die 2>. The object of this arrangement is to enable the workman, after drawing out his work 
scross the short way of the die, to turn it and finish it lengthwise without being inconvenienced by the 
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frame. Fig. 2284 illustrates the arrangement. The bed is long, extending beyond the hammer on 
each side so as to give plenty of area, and the ends are left open for convenient access in case the 
anvil should settle and require readjustment. 

The SdUra Steam-Hammer,--lii a single-acting steam-hammer the gross force of the blow struck 
is that due to the weight of the die or hammer, the piston-rod and piston, and the height from which 
they fall: the force of the blow being regulated by varying the length of the stroke, or, in other 


frame. By this means skew and T-shaped dies can be dispensed with, and the full surface of the 
ram utiliz^. The latter is moved between the guides EE^ and held in place by the steel plate 
bolted through the frame B, The valve 6? is a plain cylinder of cast-iron, enlarged at each end to 
work in the cylindrical seats H in which the ports //are placed. Steam is admitted through the 
valve (/, and circulates round the valve G between the seats. The exhaust-chamber K is below the 
cylinder, which therefore drains condensed steam into it at each stroke through the lower steam- 
port. The exhaust above the piston passes down through the interior of the valves, as shown by the 
arrow on the drawing. The valve-stem L is connected with the valves in the exhaust-chamber. No 
stuffing-box is therefore required, there being only atmospheric pressure on each side of it. This 
combination enables the valve to be so perfectly balanced that it will drop by its own weight while 
under steam. 

The automatic motion is obtained by an inclined plane i/, upon the ram which actuates the 
rocker JV', the outer arm of which is connected by a link to the valve-stem, and thus gives motion to 
the valve. The valve is caused to rise in the up-stroke by means of the rocker and its connec¬ 
tions, through the inclined plane. The steam is thus admitted to the top, which drives down the 
piston, while the valve and connections follow by gravity, thus reducing considerably the friction and 
wear upon the valves. In very quick work the fall of the valves may be accelerated by the aid of a 
spring; or it may be retarded in heavy work by friction-springs, so as to obtain a heavier blow by a 
fuller admission of steam. For genend work, however, the arrangement shown is perfectly effective, 
and as the rocker N is hung upon the adjustment lever P, any required variation can be obtained by 
the movement of the lever. Single blows can be struck with any degree of force, or a rapid succes¬ 
sion of constant or variable strokes may be given. 

The anvil O rests upon a separate foundation, in order to reduce the effect of concussion upon the 
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vords^ the height to which the hammer is lifted by the steam. In many steam-hammers of modem 
ooostniction the steam is admitted to both sides of the piston, so that the force of the steam upon 
the upper side acts to increase the force of the blow, the latter being modified by regulating the 
pressure of the steam above the piston, and for very light blows by throttling the eadiaust-steam be¬ 
low it, as well as regulating the stroke of the hammer. 

A double upright steam-hammer, by William Sellers k Co., is shown in Fig. 2285. The essential 
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peeoliarities in the design of this hammer consist in making the hammer one long bar of wrought- 
iron, having the piston welded to and forming part thereof, and guiding this bar by the top and 
bottm cylinder-heads only, thus doing away with the usual side-^des in the hammer-frame, and 
leaving t^ entire space below the cylinder free for the use of the workman in handling his work, 
while the hammer-head and die are claimed to be guided more efficiently than in any other system, 
and the frames to be subjected to less strain. 

An improvement in the manner of attaching the die to the bar consists in employing a crimped 
Steel key, which holds the die with an elastic pressure, and operates to prevent the bending or the 
fracture of the bar. Another improvement consists in obtaining the motion to work the steam-valve 
from two diametrically opposite grooves, operating a brass yoke whose line of vibration is through 
central axis of the l^r, which obviates the tendency to rotate the bar existing when a diagonal 
groove is employed in the upper end of the bar. By a modification of the ports in the steam-chest 
eatblmg the employment of a supplemental valve, the exhaust may be throttled below without im¬ 
peding the free exhaust above the piston. This enables the hammer to strike quick, light blows for 
finhhiiig; in other words, the hammer can go up as quickly, but in coming down its force may be 
guged by the steam-cusUon upon which it descends, which steam, thus condensed in bulk, reox- 
psads in the up-stroke, to the manifest economy of steam used. 

Tke TMri^-Ton Steam-Hammer, —Fig. 2286 represents a 80-ton steam-hammer, constructed by 
Ifcssn. Thwaites & Carbutt, of Bradford, England, for use at the works of Sir William Armstrong 
k Goi at Elswick. The main standards, it will be seen, are cast of two parts each, firmly bolted to¬ 
gether; they are drcnlar in section, taper slightly, and are inclined toward one another. They are 
U feet high, and as they have a clear span at the floor-line of 19 feet 10 inches, there is ample 
•pace for the manipulation of the forgings. The guides, which are cast separately, are attached to 
t^ standards in a firm, unyielding manner. The entablature on which the cylinder rests at the same 
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time connects the two standards to which it is bolted and wedged. By this arrangement and sub¬ 
division into several parts too ponderous castings arc avoided, while at the same time the rigidity of 
the structure, which must be great in view of the violence and frequency of shocks, is not impaired. 
The steam-cylinder, permitting a 12-root stroke, is 4 feet in diameter; it is placed upon the entabla¬ 
ture, making the entire height of the hammer 42 feet 9 inches. The piston-rod is very massive and 
strong; it is firmly keyed to the dO-ton tup, which glides in slots of the guides by means of a pro¬ 
jection. An attendant on the platform operates the valves through the agency of rods and levers 
within his reach. The hammer is, according to Prof. S. Jordan, served by two 20- and two 40-ton 
cranes, each of which is furnished with three hydraulic motions according to Armstrong’s system. 
The heating is done in four Siemens gas furnaces. The frame, while it is strong, and possesses the 
advantage of affording ample space, is built up of a reasonable amount of metal. The piston-rod 
may appear excessively heavy while the tup is proportionately light; this, however, is a distribution 
of material which has many claims to consideration. 

The Crettsot Eighty-Ton Steam-Hammer ,—^The largest steam-hammer inexistence (18V9) is that 
constructed by the Messrs. Schneider at the famous factory of Creusot, France, and represented in 
one of the full-page plates. The largest hammers previously built were the 61-ton hammer at the 
Perm steel works (Russia), the 60-ton hammer at the Alexandrovski steel works, near St. Peters- 
buig, and the 60-ton hammer at Messrs. Erupp’s works at Essen; while after these come the 85-ton 
hammer at Woolwich Arsenal, and the 30-ton hammer at Sir W. G. Armstrong & Co.’s works at 
Elswick, England. 

In Messrs. Schneiders’ large hammer the moving mass weighs 80,000 kilogrammes, or about 78} 
English tons, while the maximum fall is 6 metres, or about 16 feet 6 inches. The hammer is single- 
acting, and is worked with steam at 70 lbs. pressure, while the diameter of the steam-cylinder is 
74.8 inches. The other piincipal dimensions arc as follows: 


Diameter of steam-admission valve 

(Cornish). 

Diameter of exhaust-valve (Cornish)... 


Width between legs of hammer-frame.. 
Clear height under lower ci'oss-stay of 


Feet 

In., 


Feet 

In. 

1 

2.2 

Width of bed-plate. 

19 

8.2 



Height of standards. 

88 

7.6 

1 

1.4 

Length of cylinder. 

19 

8.2 

1 

6.1 

Total height from bottom of base-plate 



6 

2.8 

to top of cylinder. 

61 

0 

24 

7.8 

Height of anvil-block. 

18 

4.6 



Depth of masonry below anvil-block... 

18 

1.6 

10 

6 

Surface of base of anvil-block. 

866 Bq.ft. 

41 

4 

Surface of top of anvil-block. 

76 

it 


The framing of the hammer consists of a pair of inclined legs of rectangular box-section, having 
the guides for the tup bolted to their inner sides, these legs being connect at two points (namely, 
at the top and bottom of the guides) by massive wrought-iron plate cross-stays, while at the top they 
are bolted to a deep casting which forms the base of the cylinder. Each leg is cast in two pieces 
bolted together by external flanges. The cylinder is also made in two pieces bolted together at the 
middle of its length. Each leg of the frame is forked at its lower end, so as not only to give greater 
stability, but also to afford access to the anvil from the sides. 

In constructing the anvil-block for the large hammer, Messrs. Schneider wisely departed from the 
practice of making the block in one enormous casting. Instead of this, they made the block in six 
layers, each (except the top one, which is in a single piece) consisting of two casting. The layers 
increase in thickness as they diminish in area from the base upward, and the castings composing 
them are so shaped that each layer is firmly interlocked with those above and below it, the line of 
division of the two parts of one layer being at right angles to the division line in the next layer 
above, and so on. The anvil-block rests upon layers of oak timber making up a thickness of about 
3 feet, this timber again resting on a bed of masonry in cement over 18 feet thick, which bears 
directly on the rock below. This bed of masonry extends not only under the anvil-blodc, but under 
the whole area occupied by the hammer, it being carried up around the anvil-block to support the 
hammer itself, and the space between the masonry and the anvil-block being packed with o^ timber. 
It follows from the mode of construction adopted that in the event of anything going wrong with 
these foundations, it would be quite possible to lift the anvil-block piece by piece, and to make the 
damage good; whereas, if the block had been cast in one piece, any settlement, if it did take place, 
would be very diflScult to deal with. 

Thff weights of the various parts of the hammer are as follows: 

Tons. 

Tup with piston and rod. 80 

Cylinder. 22 

Entablature. 80 

Legs of hammer-fmme with guides. 260 

Wrought-iron cross-stays. 25 

Foundation-plate. 90 

Valves, valve-gear, and miscellaneous. ^5 

Total weight of structure above ground. 682 

Anvil and anvil-block. 750 


Total., 


1,282 


To serve this magnificent hammer, four cranes have been erected, three of them being capable of 
lifting 100 tons each, while the fourth can deal with a load of 160 tons. They are all of the revolv- 
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ing poet dess, with jibs formed of currcd box-girders, the part of each crane below the ground bno 
being also a box-girder of rectangular section tapering from the ground le^el to the bottom. The 
wei^t of each crane with its load is carried bj a ring of Uve rollers at the ground level, the bottom 
of the crane-post having a gudgeon taking lateral stress onlj. The foundation-plates of the cranes 
are connected to the foundation-plate of the hammer as well as to the masonry, and the whole work 
has been carried out so as to make a thoroughly sound job. Each crane has a maximum radius of 
30 feet 8 inches, the chain carrying the ingots passing over pulleys on a traveling carriage, which 
can be racked in and out on rails on the top of the jib. The height from the floor level to the top 
of these rails is 29 feet 6 inches, while from the floor level to the bottom pivot is 27 feet 6 inches. 
The total weight of each 100-ton crane is 110 tons, while the 160-ton crane weighs 140 tons. Each 
crane is actuated by a steam-engine flxed to it, this engine having a pair of cylinders 10.24 inches in 
diameter with 11.8 inches stroke, the speed at which these engines are run being 260 revolutions 
per minute. The engines work not only the lifting, swinging, and racking in and out motions, but 
also serve to turn over the forging which is under manipulation. This operation is effected as fol¬ 
lows : The forging rests as usual in a loop or bridle of massive chain, this loop passing over a pulley 
mounted on a frame to which the crane-chain is attached. This frame also carries worm-gear through 
which, and an intermediate wheel and pinion, the pulley carrying the bridle-chain can be rotated. 
The worm of this gear is coupled by a shaft with two universal joints to a short shaft on the crane- 
frame, and this shaft again by a vertical shaft and bevel-gear is connected to the crank-shaft of the 
engine. The use of the connecting-shaft with two universal joints of course allows the forging to be 
raM and lowered without interfering with the connection between the engine and the bridle-gear. 

The furnaces used in connection with the 80-ton hammer are four in number, and they are of the 
Semens regenerative type. The heating chamber of each furnace is 14 feet 1 inch long by 11 feet 
2 inches wide, and 8 feet 6 inches high in the centre, the crown being arched in both directions. The 
doors of these mammoth furnaces are raised and lowered by chains led down to horizontal hydraulic 
cjlinders disposed below the floor-line. In each of these furnaces the regenerators are as usual 
below the be^ the regenerators of each furnace being built in a circular pit, which also contains the 
hydraulic gear just mentioned, and the reversing valves for gas and air. The part of this pit in 
front of the furnace is bridged over by massive wrought-iron girders carrying rails, in which a charge 
can be run to or from the latter. The furnaces are supplied with gas from four groups of nine 
generators each, which also furnish gas to the other Siemens furnaces in this department. The 80- 
tou hauler with its accessories is contained in a building of which the frame is solely of iron. This 
building is 164 feet long by 114 feet 9 inches wide, and 65 feet 9 inches high to the springing of the 
roof. To the ridge of the roof the height is 83 feet 8 inches, and to the top of the lantern wMch the 
roof carries 92 feet 7 inches. The building is spanned by girders carrymg two 20-ton crabs, which 
serve for handling parts of the hammer for repairs, etc. (See EnginteTing^ xxvi., 28; also Armalca 
hduttridUtt^ 1878.) . 

UANGER. A device for supporting shafting from overhead or from the side. When old-fash- * 
iooed large couplings were used to connect shafting, hangers of the forms shown in Figs. 2287 and 
^288 were used. The modem adjustable coupling obviates the necessity of spreading the hanger- 
legs apart, and admits of the 

weight of the appliance being 8287. 2888. 

materially decreaised. The bear- ^- ^ - 

mgs shown in these figures are 
.al^ disadvantageous and prac- 
ticallj obsolete. That exhibited 
in Fig. 2287 has brass bushings 
beld in place by an iron cap se- 
oored by bolts. In Fig. 2288 
tbe cap is dispensed with, and 
the top brass is fastened only 
by a pin. 

For very heavy head-shafts, 
the ordhuiry forms of hanger 
are not sufficiently rigid to stand the lateral strain of the driving-belts, and it is therefore generally 
the custom to use inverted pillow-blocks bolted to ((nough timbers to bring the distance of the drop 
equal to that of the rest of the line. This has the advantage that the head-shaft and its pulleys 
may be hoisted directly into place and secured, but has the disadvantage that it is impossible to 
itSDove the top box for any purpose without supporting the shaft by ropes or blocking or in some 
rach way. It is open to the further objection that it possesses no vertical adjustment. To obviate 
tbeac d^ects, Messrs. William Sellers A Co. have designed a special headrikafl hanger^ Fig. 2289. 
^ cap, supported by T-head bolts, is removable like that of a pillow-block; but as the box is sup¬ 
ported by screw-plungers, it not only has a vertical adjustment, but like a hanger will permit the 
top box to be removed without altering the alignment. 

Fig. 2290 represents a sectional view of a b€M^nd-90cket hanger. The two half boxes h and e are 
provried with tamed spherical surfaces, which fit into corresponding concave surfaces in two plungers 
These plungers work with a coarse thread in two boxes a «, in the frame of the banger, 
Mri are secured from turning by two set-screws. The plungers offer a vertical adjustment, while the 
ball and socket enable the iKixes to adjust themselves to the shaft. The top box has oil-holes in the 
centre and sides of the ball, and oil may be fed from an oiler placed on the top plunger d. Two 
recesses, covered by loose cast-iron caps, are also provided to contain a mixture of oil and tallow that 
wlU act as a reserve to be used if the box should begin to heat; while an oil-dish or drip-pan / 
otriies the oil that drips from the ends of the boxes, which are provided with suitable internal 
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grooves to distribute the oil. The vertical adjustment afforded by this style of bearings is one of 
&eir moat important qualities, and one that cheapens the erection of shafting and facilitates its 
realignmeot. It becomes necessary only to put up the hangers with the centres of the boxes in the 
same vertical plane, and any adjustment up or down in that plane may be readily accomplished by 
the plungers. 

Ball-and-socket bearings are made of different bores to suit the commercial sizes of shafts, and 
of various forms to suit different circumstances. Thus we have Ivu-hangen^ Fig. 2291, whidh are of 
various drops'* or distances from the foot (under side of beam) to the centre of the box, ordinarily 
from 8 to 30 or 36 inches. In ordering, it is customary to mention both diameter of shaft and drop; 
as, “a 2-iach hanger, 10-inch drop,” or “a 3-inch hanger, 16 inch drop.” 

For countershafts, hangers are made with ball-and-socket boxes, but without vertical adjustment, 
such as those in figs. 2292 and 2293, both with and without an arm to carry a belt-shifting bar. For 
attachments to posts or walls, post-hangers. Fig. 2294, are made. These are often provided with 
concave feet to fit cast-iron columns of different diameters. C. S., Jb. 

HAKDEXING. See Temperixo and Habdknino of Metals. 

HARNESS. See Loous. 

HARROW. See Agricultural Machinert. 

HARVESTER. See Agricultural Machinery. 

HAT-MAKING MACHINERY. The manufacture of felt hats in the United States has gradually 
become divided into two independent branches—the production of fur hats, made from the fur of the 
gray or white rabbit or hare, known in the trade as cony or Russian fur, and of wool hats, made 
from different kinds of wool. Very few hats are manufactured from a mixture of fur and wool, or 
with bodies of wool covered with fur. Although the methods of making fur and wool hats are ap¬ 
parently similar, yet the machinery employed differs so materially that both branches of the trade 
are rarely conducted in the same establishment. 

Manufacture of Fur Hats. 

There are various ways of preparing fur for felting. Hare-skins are split open and rubbed with 
a rough knife-blade to remove bits of adherent fleshy matter. They are afterward dampened on the 
j>eU side and pressed together pelt to pelt. Rabbit-skins are treated in a similar manner, except that 
the long hairs are palled instead of being clipped. They are thus made ready for cutting. 

CttHijig is accomplished in a machine having a rapidly-revolving cylinder, in the periphery of 
which three or more knives are obliquely set, and which rotates in close proximity to a stationary 
bed knife. The skin, resting upon the bed-knife, is divided into narrow strips, and is then cut away 
from the pelt, which is thus left in a continuous sheet. The fur is carried by an endless apron to a 
workman, who separates it into various grades and packs it in bundles. 

Bearer and nutria skins require more care in their handling than do rabbit or hare skins. They 
are loaded with fat, which must be removed by soap and water, and they are subsequently treated 
with a dilate solution of nitric acid. This process also assists the felting properties. Skins that 
have been thus treated are said to be “ carroted.” Thorough drying should follow. Hair is some¬ 
times prepared in a solution of quicksilver and urine. All furs are more or less mixed with long 
hair, and for the removal of this the fur-blowing machine is employed. 

The PurMawing Machine is represented in fig. 2295. The material is spread upon a feeding 
apron A, and by means of two rollers B is presented to a rapidly-rotating toothed cylinder C. The 
motion of this cylinder creates an air-current, which carries the lighter particles of the fur upward 
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into a riiamber which is closed by a flne wire screen, through which the air escapes, carrying the 
finer particles of dust writh it. The hair and coarse particles fall upon a wire screen, which is 
vibrated by a cam E, and thence pass upon an apron, which delivers them under the feed-apion. 
Another fe^^pron forms the bottom of the cham^r into which the fur passes; and as the fur set¬ 
tles on this apron it is conducted to a second pair of feed-rollers, which carry it to another picker- 
cylinder, where the operation already described is repeated. 

Most fur-blowing machines contain from 5 to 8 picker-cylinders, the fur being delivered in an 
endless sliver to the last pair of rollers. Hair and impurities which pass through the screen are col- 
Fur which does not pass through is carried back by an apron and subjected again to the 
action of the machine. This operation is continued until the quantity of hair is reduced as much as 
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is possible. In forming the hat-body various kinds of fur are mixed in an apparatus which contains 
a picker-cylindcr, whereby the fur is loosened and thrown into a closed room, or into a mac^iine 
similar to that above described, by which it is delivered in a continuous bat. The fur thus prepared 
is weighed and separated into portions, each of which is sufficient to form one hat-body. 

The Forming Machine .—^The apparatus generally in use is that invented by H. A. Wells in 1846, 
and since greatly modified and improved by Taylor, Burr, and others. In the Wells machine the fur 
is conduct^ to a forming cone by an adjustable trunk, while in other machines, such as that devised 
by Gill and Taylor, it is thrown into a case which surrounds the former-cone, and b conducted to 
the cone by an air-blast from a blower beneath. Fig. 2296 represents a Wells machine of late con¬ 
struction. An apron and two small feed-rollers deliver the fur to a rotating picker-cylinder. The 
air-current caused by the latter carries the fur to the mouth of the trunk. The size of the aperture 
is adjustable to oon*espond to that of the cone used. The cone is made of perforated sheet-copper, 
and b placed upon a revolving table, in the centre of which is an opening communicating with an 



exhaust-fan, by means of which an air-current b drawn in through the perforations, so that the fur 
is thus caused to be deposited over the surface of the cone. This process continues until all the fur 
set apart for one hat-body is thus deposited. Over the material a wet cloth is wrapped, and over 
this again a tin cover is placed, when the whole b removed and dipped in hot water in order to give 
the felt a sufficient consistence to allow it to be removed from the cone. 

Hardening the felt, which follows, is done by placing six or more of the fclt-cones formed as above 
one upon the other, wrapping them in a wet blanket, and rolling them back and forth by band on a 
smooth board. 

Siting .—This name is given to the manipulations by which the felt is reduced to the proper size 
for hat-making. Up to a very recent date (1879) this work was done, and is still largely performed, 
entirely by band. Three or four hat-bodies are dipped into boiling water (sometimes slightly acidu¬ 
lated), and then are wrapped in cloths, making a bundle some 4 inches in ^ameter. The bundle b 
rolled to and fro on an inclined plank, and the pressure of the hands b carefully graduated to the 
consistence of the hat-body. After being rolled for a short time, the bodies are separated and placed 
together again in different position, so as to prevent their sticking together. As the process con¬ 
tinues, the roll is made tighter and the pressure increased, until the l^y has attained the desired size. 
The felt is then “ pinned out ”—that is, smoothed and tightened by pressure with a rolling-pin and 
frequent dipping in hot water. 

The machines used for this purpose are the invention of Mr. R. Eickemeyer of Tonkers, N. Y., and 
are modifications of the fulling-mills used in the manufacture of wool hats. The bodies after leaving 
the former ore placed first in pusher-crank mills. These mills have a single pendulum-beater sus¬ 
pended from the top of an iron frame and operated by a bell-crank, which receives motion from a 
crank on the main shaft. The wrist-pin on the bell-crank is adjustable, so that the force with which 
the bodies arc pushed against the curved part of the bed may be graduated. This operation b con¬ 
tinued until the felting has progressed far enough to allow the hats to be placed in the fulling-mill 
proper. Fig. 2297. This machine has a single beater pivoted to the front of the frame. On the 
opposite end is a horizontal driving-shaft, which makes 120 revolutions per minute. In the middle 
is a gripping-roller, against which a lifting-board attached to the end of the beater-handles b at 
regular intervals pressed by another gripping-roller journaled in a swinging frame. A stepped pul¬ 
ley on the driving-shaft communicates motion to a second shaft, on which are cams which actuate 
the swinging frame. The speed of this shaft determines the period of lift and drop of the beater. 
The amount of lift and drop can be regulated from 60 lifts 8 inches high per minute to 38 lifts 20 
inches high per minute. The fulling-b^ b formed of two pieces of metal hinged at the base, the 
lower portion being perforated to allow entrance of steam during the fulling process. The front por¬ 
tion b hinged to the stationary part, and b connected by links to a rock-shaft and lever which en¬ 
ables the operator to increase resistance to the movement of the hat-bodies. When the mill b first 
set in operation, the beater is adjusted to a fall of about 8 inches, and is run at the rate of 60 blows 
per minute, care being taken that the position of the hats is constantly changed. As the fulling 
progresses the front is lowered, and the fall of the beater increased and its rapidity reduced, until at 
the end the fall becomes fully 20 inches acd the blows 38 per minute. 
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After beii^ fulled, the hat-bodies are passed while hot through a pinning-out machine, Fig. 2298, 
Id order to ti;;hten the felt and smooth them. This apparatus consists of two pairs of rollers, one 
pair having rigid bearings, the other being pivoted in weighted levers. The upper pair of rollers is 
slightly the larger in diameter, 
and all revolve at the same 
aniform speed. Through 
these the body, after being 
dipped in hot water, is passed. 

The diameter of the lower 
rollers being less, however, 
than that of the upper ones, 
the hat-body is drawn out 
between them, and the felt 
at the same time is rendered 
compact and free from wrm> 
kies. 

Suing Madiines. —Xumer- 
OQS attempts have been made 
to construct sizing machines 
to supplant the hand-sizing 
process. The machines op¬ 
erate upon a limited number 
of hats, rolled ill a cloth and 
kept in motion by rollers 
whidi have a vibrating raove- 
menL In one class of ma¬ 
chines these rollers are irreg¬ 
ularly ribbed to press succcs- 
rively upon different parts of 
the hif. The machine de¬ 
vised by Mr. J. S. Taylor of 
Danbiirv, Conn., in 1853, has 
four rdlers, so journaled in 
their frames that their axes 
tre inclined to the centre of 
the hiit-roll, and one pair of 
rollers has a vibrating motion 
in addition to its movement 
of rotation. In the machine devised by Mr. J. W. Blackhara of Brooklyn, N. Y., a number of slowly- 
revolving rollers form a bed over which is placed a yielding cover, having a vibrating motion in a 
direction at right angles to the axes of the rollers. The hat-roll.s arc passed between cover and bed 

several times. It has not been found 
profitable to begin sizing the body 
by machinery as soon as it leaves 
the former, and hence the present 
practice is to size the body by hand 
until it is within an inch of its de¬ 
sired dimensions, and then to com¬ 
plete the work in the sizing machine 
—or, as it is then termed, the sec¬ 
ond-sizing machine. 

A machine adapt«Hi to this second 
sizing has been devised by Mr. J. 
Vero of Dewsbury, England, and 
improved by Kirk, Shelmerdinc, and 
Froygate, of Stockport, England. 
The improved apparatus has four 
rollers driven all in the same direc¬ 
tion by gearing. The lower pair of 
rollers is journaled in the station¬ 
ary frame, while the upper pair is 
journaled in a swinging frame, which 
can be lifted up whenever the hat- 
roll is to be inserted or remove<l. 
The working surface of the rollers 
is formed of elliptical rings, made 
of India-rubber, and placed so as to 
overlap each other. Generally, two 
rolls of hats are kept in operation, 
«e roll being acted upon while the positions of the hats in the other are being changed. 

Fig. 2299 represents a machine of this class. Two beaters act upon the ends of the hat-roll. 
Four cubical pressers are provided, so arranged that the hat-roll is pressed at each quarter revolution 
of the pressers. These arc journaled upon two swinging frames, which are so connected by links to 
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levers in the rock-shaft that, while balancing each other, the pressers can be separated to take out or 
insert a hat-roll, or be brought together by a weight on the hand-lever. The pressers are actuated 
from the main shaft, two cams on which operate the beaters. On each beater is a projection, to 
which an adjustable spring is attached in order to graduate the blow upon the hat-rim. Devices are 
provided whereby the spnng may be held at any tension suitable to the condition of the bodies. By 




a gradual increase of the weight which presses the rollers or pressers together, and a similar increase 
of the tension of the beater-spring, the action of the machine is adjusted as the felting progreLses. 

Some grades of hats are shea^ before the sizing or felting is finished, in order to remove long 
hairs, feckemeyer’s machine for shaving hats is represented in Fig. 2800. The hat is placed on a 
padded board of the same shape as the body, and a knife is caused to vibrate rapidly over the sur¬ 
face of the latter while the feeding mechanism draws the hat along, slowly rotating it. The best 

speed of the knife is from 600 
2300. to 660 strokes per minute, and 

from 8 to 6 dozen hats can be 
shaved without change of knife. 

Stiffening the haUbody is the 
next process. After drying, the 
felt is dipped in an alkaline 
solution or one of shellac. 
Stronger solutions are used for 
the brim than for the crown 
of the hat. Passing between 
weighted rollers follows, the 
surplus stiffening material fall¬ 
ing back into the tank to which 
the rollers are attached. The 
body is folded and rolled sev¬ 
eral times, until the stiffening 
solution is evenly distributecL 
The brim is stiffened afterward, 
and rolled in similar manner. 
Some manufacturers prefer to 
apply all the stiffening after 
the body has been blocked and 
colored; while others only par¬ 
tially apply stiffening in ad¬ 
vance, reserving the completion 
of the process until after block¬ 
ing. After stiffening, the body is steamed, and is then ready for the initial shaping processes. 

^Stretching and Blocking .—^The hat-body has now reached a point where it begins to assume a 
semblance of the completed article through the development of the tip, side-crown, and brim. 
Many attempts have been made to accomplish shaping by machinery. The first United States patent 
was granted to Mr. D. Beard of Guilford, N. C., in 1816, for a machine for stretching hat-crowns. 
Other devices have subsequently been invented and come into limited use; but it appears that the 
practical difficulties were not successfully overcome until the invention in 1866 of the hat-stretching 
machines of Mr. R. Eickemeyer. In previous apparatus the effort was to stretch the hat-body fi*om 
the centre; in the Eickemeyer machines the body is stretched over a ribbed and recessed former. 
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and is thus drawn out radially, the 
eentre being widened at those parts 
which form the crown and brim of 
the hat. The former is secured 
to a sliding spindle, which is actu¬ 
ated by a treadle and link. Directly 
oTer a^ in line with the spindle are 
suspended adjustable stretching- 
fingers. When these are brought 
down by means of a hand-wheel 
connect^ with their spindle, they 
are closed in around the hat-body, 
and.their pressure is increased. 

To suit hats of varying diameters, 
a star is fastened upon the spin¬ 
dle. The hats to be stretched are 
first soaked to render the felt pli¬ 
able, then placed upon the star, 
and forced down upon the stretch¬ 
ing-fingers. This operation is re¬ 
peated five or six times. At each 
motion the height to which the 
body is lifted and turned, to bring 
the stretcher in contact with all 
parts, is increased. Usually two 
bat-b^ies are stretched at a time, 
both being turned inside out so 
as to protect them against injury 
throng contact with the stretch- 
ing-fi^rs. 

Tke hrvnMreicher is represented 
in Fig. 2301. This consists of a 
series of expansible ribs mounted 
upon a sliding spindle in the cen¬ 
tre of the machine. Connected 
with the spindle is a system of links and levers operated b^ the treadle, by which means the spindle 
is caused to rise, and so bring the ribs into working position. Above the ribs is a hat-block which 
can be adjusted to any height. The stretching-fingers are so arranged as to be automatically 

reciprocated toward or from the centre of the 
machine. The outer ends of the fingers are 
coimected by short links to a ring fastened to 
two upright sliding bars, which have their bear¬ 
ing in the side frames of the machine, and re¬ 
ceive motion from the crank on the main shaft. 
The crank-shaft makes from 300 to 350 revo¬ 
lutions per minute, producing the same number 
of vibrations of the stretching-fingers. The 
hat-body is adjusted upon the block, the treadle 
is depressed to its full extent, and the hand- 
levcr on the right of the machine is raised. 
The ribs upon which rests that portion of the 
body which is to form the brim are spread out 
between the vibrating fingers. After 10 or 15 
stretches are made by the fingers, the block is 
lowered sufiBciently to turn the hat upon it, so 
as to bring the fingers upon that portion which 
previously rested on the ribs, and the operation 
is repeat^. From 30 to 40 vibrations of the 
fingers are usually sufficient to stretch the brim 
to its full extent. 

These machines differ considerably in con 
struction, according as they are applied to dif¬ 
ferent uses. Fig. 2302 represents the Eicke- 
meyer fur-tip stretcher. In this the fingers are 
mounted on a spindle which has its bearing in 
line with the sliding spindle which supports the 
star. To this spindle a short walking-beam, 
which also communicates with the crank-shaft, 
is hinged. Each revolution of the main shaft 
thus causes vertical movement of the spindle, 
and also of the stretching-fingers. In practice 
the best results are obtained at from 100 to 
150 revolutions of the main shaft. 
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2303. Blocking. —Fig. 2303 rep¬ 

resents the Eickeinejer hand 
hat-blocking maciiine, which 
operates as follows: A hat 
previously stretched on the 
tip, Bidc-crown, and brim is 
clamped on the outer edge 
and expanded to the desir^ 
size. Thirty-six clamping, 
tongs are pivoted to the top 
plate, in an oval line around 
the block, and these arc at¬ 
tached to the foot-lever so 
as to move outward from the 
centre when the lever is de- 
pressed. Each one of the 
clamping-tongs is also con¬ 
nected to a clamping-lever, 
so that all may be simulta¬ 
neously drawn upon the brim 
placed between them. An 
adju.'^table block composed 
of 48 pieces, which are al.so 
spread out from the centre 
by one of the levers shown, 
is mounted on a sliding spin¬ 
dle, and ean be raised or 
lowered. To form the band 
of the hat, a ring of the ex¬ 
act size and shape is sus¬ 
pended from the hand-lever 
which is pivoted horizontally 
to brackets. Adjusting-screws are provided for regulating the height and diameter of the crown, 
and “ brim-tongs ” govern the exact width to w hich the brim is to be drawn out. 

The operation of blocking is performed as follows: The upper or banding lever having been 
raised, the block is con 
tracted and lowered, and 
the clamping-tongs are 
closed in. One or two 
hats, having been thor¬ 
oughly heated in hot 
water, are placed upon 
the block, the brim nest¬ 
ing upon the heads of the 
clamping - tongs, which 
are now' expanded suffi¬ 
ciently to allow' the edge 
of the brim to slip dow n 
ui)on the lower jaws. 

The tongs are then made 
to approach the hat un¬ 
til the edge of the brim 
touches the upper jaws 
all around, when the 
clamping-lever is pulled 
forward, and all the up¬ 
per jaws arc closed upon 
the brim, which is thus 
firmly held and slowly 
(‘xpanded to full size. 

The hat-block is in the 
mean time raised and 
the banding-lever low¬ 
ered ; and after the block 
has been expanded,the 
workman gives the band¬ 
ing-lever rapid up-and- 
down motion to fonn 
the band. The hat is 
then cooled in place by 
cold water, when it sets 

in proper shape. From fiO to 80 dozen hats can be thus blocked per day. The hats are next washed 
and colored, and usually blocked a second time. They arc then ready for the pouncing machine. 
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fimncmff Machine *.—^Various forms of these machines are used. In one of the simplest the hat 
is subjected to the scraping action of a rapidly revolving cutting-cylinder. In another, the abrading 
material is sand- or emery-paper secured 

to vibrating arms. In a third, the hat is 2805. 

fastened to a block which turns to and 
fro around its centre, while the rubbing 
material is held up to its surface. The 
first-mentioned machine is best adapted 
for coarser grades of hats, the others be¬ 
ing preferable for hats of tine quality. 

Fig. 28i>4 represents the Universal poun¬ 
cing machine, by means of which a hat- 
body which has not been blocked is 
pounced. A conical roller covered with 
fine sand- or emery-paper is secured to a 
horizontal shaft, and makes from 2,000 
to 2,500 revolutions per minute. Con¬ 
ical feed-rollers, one of whjch in Fig. 

2304 is shown as pressing upon the hat- 
body while the other is in the inside of 
the latter, have their bearings in two 
frames hinged to the main frame. These 
may be adjusted nearer to or farther 
from the cutting-roller, as well as longi¬ 
tudinally in the direction of the axis of 
the cutting-roller shaft, so that hats of 
any shape may be operated upoiL The 
relative positions of the feed-iollers may 
also be varied so as to press harder at 
any desired point. The hat is supported 
on a hom hinged to the main frame, and 
is kept in working contact by the attend 
ant pressing upon the treadle shown. A 
snail exhaust-blower serves to remove the 
material abraded or cut off. The machine 
just described is chiefly used for poun¬ 
cing brims, the side-crown and tip of the 
hat being operated upon in another ap¬ 
paratus 

Fig. 2305 represents the Labiaux crown- 
pouncing madiine. Two spindles are pro¬ 
vided, one of which has a hat-block secured on its inner end, while to the other the cutting-cyUnder 
B fastened. These have their bearings in lathe-heads mounted centrally upon and pivoted to short 

columns, which can be turned around 
2806. by suitable handles. Both spindles 

slide longitudinally in their bear¬ 
ings, and in the flanged pulleys 
which give motion to thorn. A fast 
motion is given to the cutting-spin¬ 
dle, and a comparatively slow one 
to that which carries the block. Af¬ 
ter the hat has been tightly drawn 
upon the block, the machine is set 
in motion, and the spindle of the 
block is turned on its column until 
the tip of the hat touches the cut¬ 
ting-roller ; the block is then turned 
slowly back while the cutting-roller 
is pressed against the surface of the 
hat, and is slowly passed over the 
square side-crown and tip, often 
two or three times to produce the 
necessaiy smooth finish. This ma¬ 
chine is in some establishments used 
only for rough work, fine pouncing 
being completed on the apparatus 
illustrated in Fig. 2306, and known 
as the Rosekranz bvim-machine. 

In this device two vil^rating rub¬ 
bing arms are pivoted to a heavy 
frame, and actuated in opposite di¬ 
rections from an npright crank-shaft. Each arm has on its outer end a plate covered with sand- or 
^nerv-paper. The upper arm is attached to the treadle on the right of the machine, and can bo 
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raised to introduce or remove the brim of the hat. A swinging frame contains the shafts of the two 
conical feed-rollers, the upper one of which is raised when desired by the treadle; othei*wise the 
weight shown presses it upon the hat. The rollers receive motion from the upright shaft in front of 
the machine, through a system of bevel-gear. To regulate the motion of the hat circumferentially, 
the rollers can be set close to the iiibbing plates, or for wide brims they may be moved farther away. 

Means are provided for holding the 
treadle down, and thus keeping the 
rubbing surfaces and feed-rollers apart, 
when the machine is in motion but do¬ 
ing no work. The feed-rollers, first 
grasping the brim, give it a slowly ro¬ 
tating motion, and the rubbing plates 
when closed act against both sides of 
it. This produces a smooth and even 
surface. 

To pounce the crown, it is necessary 
to place the hat over a block. A ma¬ 
chine forwcrown-pouncing is represent¬ 
ed in Fig. 2807. An upright spindle, 
which has its bearing in the frame, com¬ 
municates with the sliding head by two 
straps which are fastened to opposite 
ends of a cross-head, and also are 
wrapped in opposite directions around 
the spindle, and are attached one near 
the upper, the other near the lower bear¬ 
ing of the latter. The cross-head is con¬ 
nected by rods to the wrist-pin on the 
fly-whccl. The motion imparted to the cross-head through the connecting-rod is transmitted through 
the two straps to the spindle, and produces two revolutions of the latter, first in one and then in the 
other direction, to each turn of the driving-shaft. The block for the reception of the hat is secured 
upon the upper end of the spindle, and may be removed by means of the small hand-lever shown. 
The rubbing material is held against the crown by hand, and is slowly carried all over the surface. 


2809. 




Finishing Hats .—The finishing of fur hats includes the final blocking, the shaping, ironing, and 
smoothing. Soft hats are first drawn over a block of the desired shape. The brim is then flattened 
out, and while damp the hat is ironed all over. Rubbing with fine sand-paper follows, and then sev¬ 
eral repetitions of the wetting and ironing Tor fine goods, or only two ironings and wettings for 
inferior grades. To give the hat a velvet finish, it is ironed first, then carefully rubbed over with fine 
sand- or emery-paper, and finally held over a jet of steam which raises the nap. It is afterward singed. 
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A pressure of about 


Stiff bats are differently treated. The hat is first steamed on a block, the brim flattened, and the 
fortaoe rubbed with emery-paper. The brim is then cut to the right width, and the binding is put 
an. The brim is next to be curled, and for this purpose it is placed upon a convex plate heated by 
(.team. This softens the brim, so that it can be turned over toward the crown and ironed down, 
forming a fold or roll gradually widen¬ 
ing from the front and rear to the sides. 

Tiie brim is then bent to any shape or 
ennre, according to the prevailing fash¬ 
ion. To shape a stiff felt hat properly 
is the most difficult part of its manufac¬ 
ture. 

Hydraulic presses have of late been 
used with some success in pressing stiff 
hats. The hat is heated in an oven by 
Bteam, and is pressed either in a cold 
mould or in a hot one, to shape the crown 
and flatten the brim. In one machine of 
this kind, the hat is placed in a mould 
and an India-rubber cover is closed over 
it. This cover or diaphragm is expand¬ 
ed and pressed against the hat by water 
forced between the diaphragm and a sta- 
ticoaiy head by a pump. A press man- 
ufictured by Mr. George Yule of New¬ 
ark, N. J., is represented in Fig. 2308. 

It consists of a heating chamber in which 
the bat is placed upon its block. The 
press-follower is driven down by the pis¬ 
ton of the hydraulic cylinder, and is balanced by the counterweight shown, 
too lbs. is usually applied. 

Irxming Machines. —Fig. 2309 represents an improved ironing machine which operates upon all 
parts of the hat Its action is entirely automatic, one operator ^ing able to attend to two or more 
machines. The chief improvements embodied consist in the attachment of side-crown and tip irons 
to a vibrating arm, to enable the latter to iron the square of the bat, and the introduction of a fast- 
running ironing disk to iron the under brim. The hat, secured on the finishing block, is placed on 
an upright shaft which revolves slowly. Another upright spindle, situated about 10 inches to the 
right of the first, has a disk fastened to its upper end, which is heat^ by a Bunsen gas-burner. This 
(fiik revolves about four times as fast as the hat-block, and in the opposite direction. Its flat side, 
which acts as an iron for the under brim, is adjusted level with the under side of the hat. A trav¬ 
ersing motion is imparted to the tip and side-crown irons, so that they move from the centre of the 
flp a^ side-crown to the square of the hat. The device for ironing the upper brim is suspended in 

a binged lever, and is held 
2311. by a weight up to the hat- 

block. In operation, the 
upper brim-iron is placed 
upon the brim; and as the 
friction of the latter on the 
iron has a tendency to draw 
the brim along, while the 
fixed upper iron retards 
this motion to the same ex¬ 
tent, no wrinkling of the 
material is produced. The 
tip and side-crown irons are 
arranged to follow the ir¬ 
regular shape of the block. 
The traverse motion is then 
started, and the irons move 
to and fro, thus completing 
the smoothing of all parts 
of the hat. 

When sufficiently ironed, 
the hat is placed in a poun¬ 
cing machine, Fig. 2810, 
on a block which is mount¬ 
ed on an eccentric chuck, 
which has a reciprocating 
as well as a rotary motion. 
Rubbing with sand- or em- 
^7‘P*per follows, and then another ironing; and finally, if a velvet finish is desired, the hat is singed. 

M^xufactcre of Wool Hats. 

The machinery used for preparing wool for hat-making is the same as that employed in its pre- 
f^retion for spinning. (Jjee Wool Machinery.) The former used for making the hat-bodies is 
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placed ID front of the carding machine^ and the sliver is wound upon a double cone, making two hat- 
bodies at a time. These arc divided and removed from the cone when a sufficient quantity of mate¬ 
rial has been gathered. The wool-former is older than the fur-former, and it remains substantially 
as it was patented by Mr. J. Grant in 1827, all modifications tending to make its parts more adjust¬ 
able and to increase their durability. The machine is represented in Fig. 2311. It is constructed so 
as to be easily adjustable to suit the largest size of man’s or the smallest size of child’s hat. Ar¬ 
rangements are provided whereby an equal quantity of wool is wound on both sides of the former- 

cone. The speed of the latter is regulated 
by shifting a small spur-wheel on the coun¬ 
tershaft, which has its bearing in a swing¬ 
ing frame on the side, and is parallel with a 
scries of gear-wheels of varying diameters 
keyed upon the main driving-shaift. Anoth¬ 
er improvement is the arrangement of a stop- 
motion to arrest the movement when the 
foimer-cone is parallel with the carding ma¬ 
chine. When a large quantity of wool is to 
be wound on the cone to form a heavy brim, 
it is necessary that the machine should stop 
in proper position, and this is effected by the 
automatic devices provided. 

Hardening. —^Fig. 2312 represents a double 
hardening machine. A board of the shape 
of a hat-body when flattened out is connect¬ 
ed with an adjustable wrist-pin on the fly¬ 
wheel. Steam-boxes of the shape of the 
body are set in the top of the table, and are 
perforated for the passage of steam. A 
piece of cloth is inserted in the body to sep¬ 
arate the sides, and several bodies thus pre¬ 
pared are superposed. The engraving show.4 
one of the boards resting upon two hat-bodies and held down by a post, which presses it upon the 
bodies with sufficient force to compress them to a thickness of about a quarter of an inch. The 
rapid vibration of the hardening board upon the hats renders the material sufficiently tough to stand 
the action of the fulling-mill. After one side has thus been hardened, the bodies arc removed and 
refolded, and the operation is repeated. 

Fuliing .—The first operation of fulling is conducted in a crank-mill essentially similar to that de¬ 
scribed as for fur hats, but which has two beaters acting in opposite directions on one fulling-bed. 
The bats are here fulled with fullers’ 
soap. Afterward they are placed in the 
mill represented in Fig. 2318. Four cast- 
iron frames fastened upon a solid foun¬ 
dation support the shafts upon which the 
hammers arc pivoted, and also the full¬ 
ing-bed, which is divided into two com¬ 
partments. The hammers are lifted by 
toes on the two large gear-wheels, one of 
which is shown in the enprraving. The 
capacity of these mills is from 20 to 25 
dozen hats fulled in from 24 to 48 hours. 

The hammers are lifted in succession and 
drop upon the goods, which are slowly 
turned. In some cases steam is admitted 
into the mill. After fulling, the bodies 
are washed in a crank-mill, and are then 
ready to be stretched and blocked, or stiff¬ 
ened and then stretched and blocked, as 
the goods may require. 

Siretching and Blocking .—The Eicke- 
meyer tip-stretcher, already described un¬ 
der fur hat manufacture, is largely used 
for this purpose. A special machine has 
however been devised, which is illustra¬ 
ted in Fig. 2814. This apparatus has a 
former of peculiar shape. The ribs which 
support the tip are connected, and the stretching-fingers are formed at an obtuse angle on the line 
where they come in contact with the body. Each finger is hinged at its middle to a disk, which is at¬ 
tached to the upright cylinder fitted in the upper cross-piece; and on its outer end it is secured to a ring 
which is held by sct-screws to the two sliding rods in the side frame. The ring is actuated through 
connecting-rods by the crank-shaft, and thus caused to make an up-and-down movement at each 
revolution of the latter. The walking-beam on top of the machine is attached on its left end by a 
link to the cross-piece, at its middle to the cross-piece which carries the sliding fingers, and at its 
right-band end to the vibrating ring. This connection gives to the disk an up-and-down travel of 
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about half the length of that of 
the ring. The fingers, as already 
stated, being hinged to the disk 
and ring, thus have at their lower 
extremities a movement to and 
from the centre of the hat, while 
they remain stationary at their point 
of meeting above. The effect of 
this is that the hat-tip is stretched 
peripherically only, and not radial* 
jj in addition, as is done on some 
c^er machines. Each one of the 
Tibrating fingers works in a recess, 
into whi(^ a portion of the felt is 
drawn at ea(^ vibration; and as 
the body is supported all around, 
a portion of the crown as well as 
the tip is drawn out. From 100 
to 120 dozen hats per day can be 
stretched on this machine. 

From the tip-stretcher, the hat- 
body is taken to the power brim- 
stretcher, and then while hot is 
placed on the blocking machine. 

This apparatus, represented in Fig. 
i315, differs chiefly from other ina- 
rbiaes of its class in the operation 
of the banding-ring. To make a 
sharp edge at the junction of the 
biim and side-crown is the special 
object of blocking; and although 
the crown is also shaped, that part 
of the work is already done on the 
itrctcher. The framing of the ma- 
^ driving mechanism are substantially the same as in the power tip-stretcher just de- 

Mnbed; but in place of a former, the brim is supported by an annular plate, which is recessed in 

the centre to receive a hat-block of 
the desired size and shape. Anoth¬ 
er plate is suspended by rods from 
the upper cross-piece. When the 
treaille is depressed, and the sliding 
spindle with the brim-platc raised, 
the hat-brim is clampe<l and held 
fast between the two plates. The 
driving-shaft gives a vibratory mo¬ 
tion to the side-rods, to the upper 
end of which a cross-head with the 
banding-ring is attached. The band¬ 
ing-ring thus has a rapid vertical mo¬ 
tion. When the hat is placed on the 
block, it is clamped. The block is 
then raised by a hand-lever until its 
under side is in the same plane as 
the hat-brim, where it is secured by 
hook-latches. The operator, while 
keeping his weight on the treadle, 
now removes the hat previously 
blocked while the band is formed in 
the hat in the machine. The treadle 
is then lowered enough to take off 
the hat and block, and is allowed to 
descend to its lowest position to re¬ 
lease the sliding head upon which 
the block rests, and permit it to drop 
below the surface of the brim-plate, 
where it is held until the hat is re¬ 
moved by the hook-latches already 
mentioned. A set of machines, name¬ 
ly, tip and brim stretchers and block¬ 
er, working in succession, will block 
from 100 to 120 dozen hats daily. 

The coloring, stiffening, and wash¬ 
ing processes are the same as already 
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described for fur hats. The Eickemeyer pouncing machine noted in the same connection is also 
largely used. Two machines are however required, a right-hand and a left-hand machine, in order 
to produce a nap in the same direction on both sides of the brim. This is not requisite in fur-hat 
making, owing to the softness of the material. It is now necessary to remove all the fine dust from 

the surface of the hat, and for this purpose 
the same machine is used. The cutting-roller 
is replaced by a cylindrical brush. 

The treatment of wool hats in the finishing 
room differs from that of fur hats, in so far 
that the hat-body is always softened by a 
steam-jet when it is to be drawn on the fiin- 
Isbing-block or shaping-flange. 

finishing .—Two methods are chiefly em¬ 
ployed to give the wool hat its proper shape 
and finish. Hats with brims very mpeh curv^, 
and turned on the upper edge toward the crown, 
are first steamed, and the edge of the brim is 
secured to the periphery of a mould of suitable 
form. A second steaming follows, and the 
block is forced into the crown by means of a 
lever until its under side is even with the 
brim, which is thus drawn tightly over the 
mould. After cooling, the edge of the brim 
is cut, and the hat is then while on the block 
removed from the mould. The block is se¬ 
cured upon a rapidly revolving lathe-head, 
when the crown is first retouched with sand¬ 
paper, and finished by rubbing with a piece of 
felt by hand. This last is termed “ ragging.” 

Hats with flat brims are first steamed on 
The brim is flattened and ironed, and the hat 
is placed in the finishing lathe, rubbed with sand-paper, and ragged. Before the bat is trimmed, the 
crown (and, if flat, the brim) is pressed in a hot mould or on a hot plate. Fig. 2316 represents a 
hand-lever press used for this purpose. The hat is placed in a brass mould, and upon a hollow iron 
bed-plate heated by steam. By means of the cross-heads shown, the pressure upon the rubber dia¬ 
phragm inside of the block is regulated. Usually three of these presses are placed in a row, and by 
the time a hat is placed in the last of the series, that in the first is pressed, and thus the work of 
pressing is continuously kept up. 

In trimming hats, the principal machine to be noted is a sewing-machine which sews in the sweat- 
leathers. It is very ingeniously constructed, so that brims of any shape or curve may be introduced. 

The laige majority of the machines described in this article are the invention of Mr. 11. Eickemeyer 
of Yonkers, N. Y., to whom we are indebted for the facts embodied in their description. G. H. B. 

HAY-FORK. See Agricultural Machinery. 

HAY-LOADER. See Agricultural Machinery. 

HAY-RAKE, See Agricultural Machinery. 

HEADERS AND STRETCHERS. See Masonry. 

HEAD-FORMING MACHINE. See Barrel Machinery. 

HEADING. See Carpentry. 

HEARTH. See Furnaces. 

HEATER, FEED-WATER. See Boilers, Steam. 

HEATER, FIREPLACE. See Stoves and Heating Furnaces. 

HEATING BY STEAM AND HOT WATER. 

Steam-Heating. —The Holly System of Htaiing Ciiies .—The most extensive application of steam 
to wanning purposes which has been made has been introduced in Lockport, N. Y., by the Holly 
Steam Combination Company. Through the winter of 1877-78 about three miles of underground 
pipe were laid, supplying steam to forty large dwellings, a school-building, and a hall, and also to 
two engines, one of them nearly half a mile distant from the boiler-house. The following description 
and data obtained by test have been contributed by the inventor of the system, Mr. Birdsill Holly: 

** It was at first claimed that a district half a mile square could be warmed with boilers locat^ at 
one central point; but frequent tests along the first line of underground pipe soon began to show 
that a very much larger district could thus be heated. At the farther end of 1,600 feet of 8-inch 
pipe the water from condensed steam was trapped out and weighed for 12 hours; the result showed 
15.6 cubic feet, or 81.2 cubic feet for 24 hours. Then, on the basis of 10 to 1 for evaporation, we 
have 81.2 x 62.5 (1 cubic foot) = 1,950 lbs. water -f-10 = 196 lbs. of coal, costing 30 cents per day. 
The second test was to a.scertain the quantity of steam that would pass through the pipe with a pres¬ 
sure in the boiler of 26 lbs. The pressure at the farther end of the pipe was drawn down from 25 
lbs. to 10 lbs. (a good working pressure) by letting the steam escape into the air. The coal was then 
carefully weighed for several hours, showing a consumption of 400 lbs. of coal per hour, or 9,600 
lbs. per 24 hours, which would evaporate 96,000 lbs, of water into 2,688,000 cubic feet of steam, at 
the pressure of the atmosphere. Then, allowing each consumer on the line 12,000 cubic feet of 
steam at the above pressure, which will warm 10,000 cubic feet of space in blocks for 16 hours a 
day, we have 2,688,000 12,000 = 224 consumers to share the loss of 80 cents per day. Then the 

loss in the large mains is to be added, making the total loss by condensation, in a district of 24,000 
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amsnmersy 40 cents per year for each consumer with a pressure in the mains of 26 lbs. A test made 
in the winter with the same amount of surface, but with 32 lbs. instead of 26 in the mains, showed 
t loss of 10 per cent, more; but in no case can the loss be more than 60 cents per year for each con- 
snmer, even with a pressure of 60 lbs. in the mains. Consumers in a district of dwellings more 
scattered and exposed on all sides, requiring about 60 per cent, more steam, calling for lai'ger and 
longer mains, are charged from $1 to ill.60 per year to overcome the loss by condensation. Then, 
on the other hand, suppose this same district of exposed dwellings were to be warmed by steam in 
the old way—^that is, with a small boiler in each dwelling. The loss by condensation due to the 
8team4>oiler alone (as per tests made by the writer) is from 40 to 60 lbs. of coal per day to hold 10 
lbs. of steam and not draw any out. Tests were also made on evaporation with the same boilers as 
they were used with radiators, which showed but 4 lbs. of water with 1 lb. of coal. The cause of 
this low duty is the slow combustion, as a boiler large enough to warm all the rooms in a dwelling 
in the coldest weather is entirely too large to warm two or three rooms in mild weather. If but 10 
lbs. of coal is required to do the warming, it will still require from 40 to 60 lbs. to hold steam on 
the boiler. It is considered reasonable to charge 60 lbs. of coal per day, or 6 tons per year, costing 
$20, and the interest on a steam-boiler, fixtures, and setting up, say |21, making $41 per year. 

^ The street-mains in Lockport are common gas-pipe, covered with asbestos, woolen felt, then hair¬ 
cloth three-fourths of an inch thick, and protected with strong manilla paper, then put inside of wood 
pipe 4 inches thick outside of the iron pipe; then all is covered with roofing felt. The trench is 
thout 3 feet deep to the top of the tile, and is above all other pipes. The service-pipes are not 
takm direct from the wrought-iron pipes, but from stationary cast-iron junction boxes, which foim 
the slip-joints, and receive the ends of the service-pipes. Each box is surrounded by a wall of brick 
or stone, with a loose cover, so as to be accessible. The above-quoted tests on condensation were 
made with 3-inch pipe. The per cent, of loss by condensation decreases as the pipe is enlarged. 
The per cent of loss for a 3-inch pipe was 9 in 400; for a 6-inch, 18 in 2,400; for a 12-inch, 86 in 
14,400; for 24-inch pipe, 72 in 80,000. 

Steam may be carried a distance of 10 miles in large pipes, and then be used for both power and 
warming; but this will never be called for, as all the consumers in a district of 4 square miles can 
be reached with mains less than 2 miles long. 

“ Cotl of tJu StftUm .—^The estimated cost of warming a district one mile square in the city of New 
York or Chicago is as follows: 1. As to the amount of space to be warmed, it is assumed that at 
least two full stories, say 100 feet deep by 16 feet high, on each side of the street, will require steam, 
as in many blocks and hotels it will be used in the third and fourth stories, and more or less in the 
basements. Then we have 100 x 16 = 1,600 x 2 = 3,000 x 2 = 6,000 cubic feet of space for each 
lineal foot of street, including both sides. Then take say one mile of street, 6,280 feet, deduct 25 
per cent, for cross streets and walls between stories, and we have about 4,000 feet left. Then 
4,000 X 6,000 = 24,000,000 cubic feet of space to be warmed for each mile of street Then 24,000,- 
000 X 10 = 240,000,000 cubic feet for the square mile, not including the cross streets, which would 
add something more. Then, according to tests made at Lockport during the winter, one cubic foot 
of steam at the pressure of the atmosphere will warm one cubic foot of space in stores, offices, and 
dwellings in blocks for 16 hours, being about the average time per day that steam is used. Then 
240,000,000 cubic feet of steam is required per day. Each cubic foot of steam was a cubic inch of 
water. Xow we have 240,000,000 cubic inches of water to evaporate each day; and as 1 lb. of coal 
will evaporate 10 lbs. of water, and make 280 cubic feet of steam, we have 240,000,000 -j- 280 = 
857,142.8 -I- 2,000 (1 ton) = 428.6 tons x $8 per ton = $1,276.60 per day. Then $1,276.60 x 200 
days = $265,800 per year of 200 days. Allowing 10,000 cubic feet of space for each consumer, we 
have 240,000,000 -i- 10,000 = 24,000 consumers. Then $266,300 24,000 = $11.06 per year each 

for coal alone. 

“ Total Cost of Works to supply 24,000 Cansuma's. 


12 miles of 6-inch pipe, at $3.60 per foot.$221,000 

50 boilers and fixtures set complete. 150,000 

Boiler-house and lot. 75,000 

Engineering and incidentals. 60,000 


Total. $496,000 

Running Expetises. 

Coal, wood, and other expenses. 300,000 

fireman and other help. 10,000 

Office expenses. 10,000 

Collecting . 8,000 

Taxes and incidentals. 60,000 

40 per cent, on capital stock. 198,400 

Totol.$576,400 

24.000 consumers at $24. $676,000 

24,000 consumers at $40. 900,000 


'‘Cost of radiators and other fixtures for 24,000 consumers, at $200 each, $4,800,000. If this work 
ifl done by the company, allowing 10 per cent profit on the work, this would amount to $480,000.” 

tiUam-Heating of Buildings .—The method of warming buildings by steam depends on the rapid 
condensation of steam into water when admitted into any vessel which is not so hot as itself. At 
the moment of condensation, the latent heat of the steam is given out to the vessel containing it, and 
thia diffuses the heat into the surrounding space. 
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Steam is applied for heating in two ways; either by coils of pipes or combined metallic sheets 
{rcuiiators) set up in the various apartments, which warm by dired radiation ; or by systems of pipes 
over which air is made to pass, and, being heated, is sent through the building by flues. This last is 
called the indirect radiation system. The choice of direct or indirect radiation will depend on the 
construction of the building and on the purposes for which it is intended. Direct radiation is the 
most economical, for the reason that radiant heat is utilized, while in indirect radiation it is partially 
lost. The temperature in pipes should never be below 212^^; otherwise the steam rapidly condenses 
to water, to get rid of which the pipes must be inclined so that the water may easily flow back to the 
boiler, or drip>pipes communicating with the bottom of the radiators and feed-pipe; the pipes should 
be so inclined that the water will flow in the same direction that the steam does. 

Steam possesses an advantage over hot water in the ease of application where great inequalities 
and frequent alterations of level occur, and particularly where the boiler must be placed higher than 
the places to be heated. The original cost of steam apparatus is somewhat less than that of hot- 
water apparatus. 

Designing of Steam Apparatus, —To proportion a boiler for a given steam-pressure, see Boilers. 
The evaporating power should be 80 per cent, larger than the quantity of water condensed in the 
pipes. The following table shows proportions of pipes when the pressure of steam is not above 15 
lbs. per squai'C inch (saturated steam): 


Connecting-pipes to Cods—Direct or Indirect Radiation. 


Coll Surface. 

Diameter of Pipe. 

Sectional Area. 

1 

25 square feet or less. 

J inch. 

0.44 square inch. 


40 

it it 

1 “ 

0.78 “ “ 


80 

it it 

U “ 

1.22 “ “ 


160 

it it 

H “ 

1.76 “ “ 


250 

it it 

2 inches. 

8.14 square inches. 



The sectional area of a branch pipe must equal the area of all connection-pipes, and the sectional 
area of a main pipe must equal the area of all branch pipes. The sectional area of the return-pipes 

from a coil or series of coils 
must be one size less than 
the respective flow-pipe to the 
coil. Drip-pipes should con¬ 
nect with all risci's (vertical 
flow-pipes), the water being 
taken into the rctui n-pipes or 
boiler. The sectional area of 
main pipes should be reduced 
as soon as practicable.* 
Instead of unions for join¬ 
ing pipes, a coupling is com¬ 
monly employed having a 
right- and left-hand thi'cad 
which fits on corresponding 
threads formed on the pipe 
ends. Similarly, where two 
elbows arc attached to one 
pipe, one elbow-thread is 
right- and the other left- 
handed. The arrangement has 
the advantages of cheapness 
and easy repair. 

Arrangement of IHpes in 
lAe Mills System of Steam¬ 
heating. —In this system, the 
invention of Hr. J. H. Hills, 
steam under pressure from the 
generator or boiler is conduct¬ 
ed directly upward through 
the main supply-pipe until it 
reaches the return-pipe, down 
which it descends until it 
reaches the connecting-pipe 
of each radiator whose valve 
is open. After circulating 
through the same, and part¬ 
ing with its heat, it is con¬ 
densed, and the resultant water flows through the outlet or drip-pipe into the return-pipe, and directly 
down the latter, without hindrance or check, where it is discharged into the generator. 

* from ^ A Manual of Heating and Ventilation,'' by F. flehomaon, 0. E., New York, 1677. 
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The general arrangement of piping will be understood from Fig. 2317. The supply-pipe is led as 
shown to any convement point near the highest radiator, from which point the supply becomes also the 
retam, to which the radiators are connected with a single valve, the outlet and the tee being above 
or below the floor, as desired. The steam entering the supply-pipe expels the contained air, not into 
the rooms, but into the basement, through the air-vent provided, establishing at once a circulation 
regardless of the radiators, which if open go immediately to work, as most of their air is drawn out 
bj the descending circulation of the steam and water. The air is allowed to fall out of the pipes, 
instead of being lifted and 
forced out; and the pipes un¬ 
der this arrangement do more 
eflkient work as soon as steam 
is raised and as long as it re¬ 
mains. The radiator now be¬ 
ing wanted, it is necessary to 
open but one valve, which ad¬ 
mits the steam and also dis- 
chaiges tlie water, the air only 
of the radiator being dis¬ 
charged into the rooms. 

The Albany Steam-Trap^ 
represented in Figs. 2818 and 
2319, is a mechanical device 
which is convertibly either a 
steam-trap or a boiler-feeder. As a steam-trap it returns the water of condensation fnom the 
heating coils or pipes to the boiler, whether the same are above or heiovj the water-level in the 
latter. As a boiler-feeder it supplies any deficiency of water in the generator. It consists essen¬ 
tially of a hollow globe, supportkl by one end of a lever and counterbalanced by a weight at the 
other. The topmost pipe is connected with the steam-space of the boiler, and is opened and closed 
to the globe by the automatic weighted valve seen on the top of the same. The larger pipe beneath 
supplies the globe or trap with the condensed water from the heating apparatus. It is provided with 
a check-valve opening inward. The pipe at the bottom connects the globe with the water-space of 



2819. 



the boiler, and is furnished with a chcck-valve opening outward. The operation is as follows: When 
the globe becomes filled with a certain amount of the water of condensation, it overbalances the 
weight at the other end of the lever, and descends. In descending, it moves the mechanism of the 
■team-valve sufficiently to shift the centre of gravity of the attached weight beyond its supporting 
poiot, which allows the globe to fall and open the steam-valve. The steam-pressure closes the check- 
ralve m the supply-pipe, and allows the water in the trap to flow into the trailer through the bottom 
pipe, whose check-valve opens to let it pass. When the globe has lost sufficient weight through the 
escape of th*e water, it is raised again by the weighted lever, and the steam-valve is shut by the 

68 
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operation of its attendant mechanism. Tlie water of condensation is again admitted by the opening 
of the chcck-valve in the supply-pipe, and the operation is repeated continuously. The steam-valTe 
apparatus is so nicely adjusted that the machine cannot by any possibility rest on a centre; the 

valve must always be fully opened or closely 
shut. An air-valve is also attached to the 
globe, through which the air is expelled. 

Fig. 2319 shows the trap in connection with 
the boiler and coils. It will be observed that 
this device does not “ trap ’’ off the water into 
some drain to be wasted, or into a tank from 
which it is to be again pumped into the boil¬ 
er; but it takes the water directly from the 
heating-coils, whether at a point above or be¬ 
low the boiler is of no consequence, and re¬ 
turns it without loss to the boiler, at a tem¬ 
perature of over 200®, effecting thereby alone 
a saving in the cost of fuel, besides the advan¬ 
tage of keeping the boiler fed with pure water. 
There is also an advantage in the fact that 
this trap, like the heart action in the human 
body, forces and keeps up a continuous circu¬ 
lation, occasioning thereby a greater radiation 
of heat from a given surface. 

Construction of Radiators ,—A sectional view 
of Carr’s radiator is given in Fig. 2820. This 
construction is the most approved, inasmuch 
as a positive circulation of steam is secured, and at the same time all trouble from the water of con¬ 
densation is avoided. It will be observed in the section of the base, that between each pair of the 
pipes that are connected at the top there are depressions in the bottom of the base, and a correspond¬ 
ing partition extending from the top of the base into the depressions. When the steam is let on^ the 
water of condensation passes along the bottom of the base, filling those depressions, passing under 
and covering the bottom of the partitions, forming a water-seal, and thus preventing the passage of 
the steam. The steam will therefore follow the course of the arrows, passing up the first pipe and 
down the second into the second chamber; there meeting with the resistance of the water-seal, it will 
pass up the third pipe, and so into the chamber, and so through any number of pipes to the discharge 
or return pipe; and as there is no other 
course for it to follow, it must neces¬ 
sarily expel the air and heat the whole 
of the pipes, while the water of con¬ 
densation will fall to the bottom of the 
base, and pass off under the partitions 
to the discharge-pipe. 

Wamer^s StfsUm of Steam-Heating by 
Direct Radiation ,—^TTiis is one of the 
simplest systems of low-pressure steam¬ 
heating apparatus which possess effi¬ 
cient means for self-regulation. It is 
hardly necessary to point out that where 
the management of apparatus of this 
kind is, as must be the case, commonly 
left to inexperienced persons, automatic 
devices for confining the steam-pressure 
to proper limits, and governing the con¬ 
sumption of fuel and supply of water, 
are of especial importance. The boiler. 

Fig. 2321, is upright, and its general 
construction is clear from the engrav- 
ing. A is the water-feeder, B the ser¬ 
vice-pipe connected with the water-pipes 
from the street or from a tank in the 
house. This water-feeder is composed 
of a cast-iron chamber, inclosing a lever, 
having at one end a copper fioat, and at 
the other a valve governing the flow of 
water into the boiler. When the boiler 
requires water, the valve opens and al¬ 
lows it to flow in. When it has received 
the proper quantity, the float ri.scs, shuts 
the valve, and stops the flow of water 
till more is required. The water-feeder 
is so connected with the boiler that it is not affected by the pressure of the steam, and operates 
equally whether there is or is not a steam-pressure. A glass gauge on the side of the water- 
feeder indicates the exact height of the water in the boiler, and gives notice if from any cause 
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the supply failB. The tube i) is a hydrostatic column connected with the bottom of the boiler, being 
in effect a part of the boiler itself, and is always open to the external air. Before steam is gen¬ 
erated, the water in the tube and boiler is on a level; but when the fire is kindled and more steam 
is generated than is required to fill the steam-chamber and the radiators that are open to receive it, 
a pressure is created upon the surface of the water in the boiler, and this counterbalancing column 
rises. When the steam accumulates to the pressure of one pound to the square inch, the column 
will stand 26 inches above the level of the wa¬ 
ter in the boiler, according to a well-known law 
of nature. This simple process is employed to 
regulate the draught to the fire, as well as the 
aoeumulation and pressure of steam. To this 
oolnmn are attached three bowls— 0 —^with 
elastic heads connecting with levers, as seen in 
the engraving. Into the first, E^ the water rises 
It a given pressure, say one pound, and closes 
the draught to the fire by the ash-pit and draught- 
door if. This exclusion of air, with the radia¬ 
tors in operation at the same time, will prevent 
the increase of the pressure. But should the 
radiators not be open to use the steam, or the 
draught-door be accidentally held open, the col¬ 
umn of water will continue to rise, until at the 
pressure of lb. it fiows into the second bowl, 

/*, and lifts the lever attached to the feed-door 
Z, which opens and causes the draught to pass 
over the fire instead of underneath and through 
it. This reversal of the draught has the effect 
to deaden the fire at once and stop the genera¬ 
tion of steam. A slight additional pressure forces 
the water of the column into the third bowl, 
and lifts the lever attached to the escape-valve 
if, which allows all excess of steam above that 
pressure to pass freely off through the waste- 
pipe /. C C are wrought-iron steam-pipes for conducting the steam from the boiler to the radiators. 
The radiators are made of two plates of bloom-iron. The front plate is stamped with conical de¬ 
pressions about three-eighths of an inch in depth, 2^ inches in width, and 8^ inches from centre 
to centre. The back plate is plain, and the two are riveted closely together, with copper rivets at 
each point of indentation, and the edges of each plate are twice doubled, or double-seamed over a 
leaded packing cord, and hammered down to a smooth bead about one-fourth of an inch in width. 





This concave surface gives strength to the radiators, and adds much to their radiating power. The 
entire thickness of the radiator is about half an inch. On one of the lower comers of the radiators 
is a valve to open when steam is to be admitted, and closed when steam is to be excluded. An air- 
key U placed on the opposite upper comer, to regulate the amount of steam to be admitted. No 
Ream will enter any part of the i^ator until that part is emptied of air. By closing this air-key 
vhen any desired portion of the radiator is heated, the other portion will remain inoperative and cold, 
ka Fig. 2822 is a radiator of this type, shown attached to the boiler. 
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Instead of placing radiators directly in the rooms in large buildings, such as hotels, they are some¬ 
times inclosed in cases in the walls, usually under the windows. Each case has a register which 
opens into the apartment. Steam is kept on constantly, and instead of graduating the heat by 
operating valves connected with the radiator, the occupant of the room does so by opening the register 
more or less. 

Sieam-Heating by Indirect Radiaiicm .—In Fig. 2323 is represented Messrs. Baker, Smith & Co.’s 
arrangement for warming and ventilating by indirect radiation; that is, by having the heating stacks 
or radiators placed below (in the cellar or some lower room) instead of within the rooms to be 
warmed. At the left is shown the boiler, with its fire-regulating attachments, water-feeder, safety- 
vent, etc. At the right of the boiler are heating-stacks within chambers. To these chambers is 
connected an air-duct, through which fresh outdoor air passes to be heated. The heating-stacks, as 
shown, are connected with the boiler by two pipes; the upper one supplies the steam, and the lower 
one returns the water of condensation to the boiler. Two rooms on the first floor above the appara¬ 
tus are represented as being warmed and ventilated. Any number of rooms directly over, on other 
floors, can be warmed and ventilated from the same heating-chamber; and any number of heating- 
chambers can be supplied, to suit the size of the building. 

Hkatino by Hot Water. 

Hot-water apparatus may be resolved into two distinct forms or modifications, dependent on the 
temperature of the water. In the first form the water is at or below the ordinary temperature of 
boiling. In this arrangement the pipes do not rise to any considerable height above the level of the 
boiler, so that the apparatus need not be of extraordinary strength. One pipe rises from the top of 
the boiler, and traverses the places to be warmed, and returns to terminate near the bottom of the 
boiler. Along this tube the heated water circulates, giving out its heat as it proceeds. The boiler 
may be open or closed. If open, the tube when once filled with water acts as a siphon, having an 
ascending current of hot water in the shoi*ter 1^, and a descending current of cooled water in the 
longer leg. If the boiler be closed, the siphon action disappears, and the boiler with its tubes be¬ 
comes as one vessel. In the second form of apparatus, the water is heated to 350" and upward, and 
is therefore constantly seeking to burst out as steam, with a force of 70 lbs. and upward on the 
square inch, and can only be confined by very strong or high-pressure apparatus. The pipe is of 
iron, about an inch in dimeter, made very thick. The length extends to 1,000 feet and upward; 
and where much surface is required for giving out heat, the pipe is coiled up like a screw. A simi¬ 
lar coil is also surrounded by the burning fuel, and serves the place of a boiler. 

The Baker^ Smith db Co, Hot- Water Syeiem ,—In this system the entire apparatus, except a space 
provided for air, is filled with water, the joints being made absolutely tight. When the appara¬ 
tus is firmly screwed together on the premises where it is to be employed, the air from the interior 
is expelled by means of a pump. By the same pump the whole is then subjected to a hydrostatic? 
test of at least 400 lbs. pressure to every square inch, with a view to permanency. Then water, 

which is saturated, or nearly so, 
with salt to prevent freezing, is 
pumped in, till the entire internal 
space, with the exception of an air- 
chamber, is full of water. When 
the whole apparatus has been 
proven to be perfectly water- and 
air-tight, it is sealed by the safety- 
valve, and, as no evaporation ia 
allowed, theoretically no more wa¬ 
ter need ever be added, but prac¬ 
tically an occasional addition of a 
small quantity is required. Im¬ 
mediately on the application of 
fire in the boiler, the adjacent vtti- 
tcr feels its influence, and begins 
to circulate and impart a gentle 
warmth to the radiating pipes. As 
the fire increases, so does the tem- 
])erature of the water and the 
pipes, rising through all the grades 
of temperature from lukewarm to 
that of steam, till the desired de¬ 
grees of heat are reached. Be¬ 
sides the regulation at the boiler, 
the heat of the water radiator, 
when placed within a room, is 
nicely graduated by a single valve. 
By turning this valve the aperture 
for the flow of the water is re¬ 
duced, and it circulates proportion¬ 
ately cooler. In this manner one room may be warmed by tepid water, while other rooms have the 
full heat of the water. 

A portable apparatus of this kind for heating railway cars is represented in Fig. 2324. It consists 
of a simple fire-proof stove, occupying only two feet circle of floor space in one corner of the car ; a 
dull fire, that consumes but about a peck of coal in 12 hours, warms the water, which circulates 
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tbroogh pipes run under each seat entirely around the car, giving each passenger the most agreeable 
foot-warmer of hot water, the heat of which is evenly maintain^ against all currents of air, and is 
nniffected by the motion of the car. By this plan, nearly the entire heat of the fire, instead of ooUf 
ceatrating at the stove, is taken up and 
dbtribut^ at the very point where heat is 
required. 

CottatCt System of Hot- Water Heating^ 
illustrated in Fig. 2325, is largely used in 
Europe for heating greenhouses. It em¬ 
bodies a means of utilizing the waste heat 
of a lime-kiln. L is an egg-shaped kiln- 
ebamber about 8 feet in depth. C is the 
main boiler, serving as a cover to the kiln. 

Z) is an annular boiler, communicating witli 
the boiler C through the pipes F. G G 
are the return-mains, completing the cir¬ 
culation for the return of cooled water lu 
the boilers, and also for keeping open con.- 
muoication with the expansion-cistern II. 

'fhis cistern H acts as a safety-valve for 
the whole apparatus. The condensed wa¬ 
ter from it is returned to the annular boil¬ 
er D through the perpendicular pipe 7. 

Jf is a valve in the fiow-pipc to the cx- 
pansion-cistem H. The pipes E commu¬ 
nicate with all the premises to be w'armed, 
and through the valve M with the com¬ 
pensating cistern //. A blow-off cock for 
the annular boiler is necessary. A com¬ 
plete circulation of any length is claimed 
for this apparatus, which can be erected 
tnjwhere outside the buildings to be heat¬ 
ed. In the exten.sive hothouses of Hat¬ 
field Park, England, 7,000 feet of 4-inch 
pipe are heated in this w'ay, and one consumer uses the furnace or kiln for the manufacture of coal* 
•pas, obtaining this commodity at a very moderate expense. The kiln is also used for lime-burning, 
the product being sold, and the expense of heating is thus reduced. 

HEDDLE. See Looms. 

IIEEL-FORMI.NG .MACHIXE. See Siioi Machinery. 

IIEEL-POLISniNG MACHINE. See Shoe Machinery. 

HOISTING ENGINES. See Elevators, Engines (Steam Hoisting), and Mine Afpliances. 

HOISTS. Sec Elevators. 

HOLLANDER. See Paper-makixo Machinery. 

HORSE-POWER. For discussion of this term as the measure of the capacity of a motor, sec En- 
ems. Designing or, and Dynamics. The name is also applied to mechanism by which the strength 

of a horse is advantageous¬ 
ly utilized for driving ma¬ 
chines of various kinds. 

Figs. 2326 and 2827 repre¬ 
sent Bogardus’s horse-power 
arranged for different pur¬ 
poses. The base-frame is 
cast into one piece, consist¬ 
ing of the central hub and 
the outer ring, connected by 
radial arms and standing on 
legs. The central hub is cast 
with a hollow st.andard prop¬ 
erly turned with a slight ta¬ 
per, to which is fitted a sleeve 
that turns thereon freely but 
accurately, and resting on 
the upper surface of the hub, 
and likewise with this sleeve, 
and making part thereof, is 
cast a wing, to which is se¬ 
cured by bolts the horse-beam 
or lever by which the whole 
is operated. The other end 
of the wing is provided with 
another sleeve cast there- 
*hh, and parallel to the first, to which is fitted accurately (but so as to admit of turning freely) the 
^fhor of the planet-wheel and planet-wheel pinion, the former being at the top and the latter at the 
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bottom. One of these, either the wheel or the pinion, can be permanently attached to the arbor, and 
the other keyed on after it has been inserted in the sleeve. The cogs of the pinion of the planet- 
wheel take into the coct formed in the inner periphery of the rim of the base-frame, and this may 
be called the master-wheel; and the cogs of ^e planet-wheel take into the cogs of and drive the 

central pinion on the upper 
end of a vertical shaft that 
passes through and turns free¬ 
ly but accurately in the cen¬ 
tral hollow standard, which b 
adapted to it, the driving-pul¬ 
ley being keyed on thelower 
end and below the hub. A 
band from the driving-pulley 
can be carried under the frame 
and between the legs to any 
place required, in the usual 
manner, to drive any piece of 
machinery; but if desired, the 
driving-pulley can be attached 
to the central shaft above the 
central pinion. 

Fig. 2327 shows the appa¬ 
ratus as arranged to caiTy 
the belt from the borizontid 
pulley under the foot-path on 
which the horse walks. As 
represented in Fig. 2326, the 
shaft may be carried under the foot-path or to a floor above. The diameter of the path should be 
from 25 to 30 feet, and the speed of the horse should be at the rate of about 2^ miles per hour. 

Fig. 2828 represents a form of horse-power arranged on a different principle from the foregoing. 
In this the weight of the horse as well as the animal’s muscular power is utilized. The wooden step- 
boards D are arranged in an endless belt, and are supported by a series of small rollers which rest 




on inclined tracks or ways. The apron passes over and rotates the drum A, which by a pinion turns 
a gear, on the opposite end of the axle of which is a wheel, which is governed or held by a brake- 
lever. The horse walks upon the step-boards, and so causes .the apron to rotate. Power is taken 
off by suitable belting. 

A similar arrangement for utilizing horse-power in driving a railway car is represented in fig. 



2329, the device being termed an ** impulsoria.” Motion is imparted from the moving platform to 
the axles by means of gearing. It is hardly necessary to point out that this is simply an ingenious 
way of wasting power, and that the force of the animal would be much more economically exerted 
by direct traction of the vehicles. 
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HORSE-POWER (H. P.). See Engines, Heat. 

HORSE-SHOE MACHINERY. See Forging. 

HOUSING. S ec Ca rpentry. 

HULLERS, COFFEE AND RICE. Coffee HuUcrs are machines for removing the husk or hull 
from coffeejm-ains. 

BrowiCe UuUer .—In the apparatus constructed by Messrs. W. A. Brown k Co., of Lynn, Mass., 
represented in Fig. 2829 a, the hulling is accomplish^ by drawing the grains on an endless chain or 
apron consisting of a series of corrugated iron pads, which are made to pass underneath a series of 
steel keys or fingers held in place by coiled steel springs, causing them to adjust themselves to the 
size of the beans which pass under them, so that a small bean cannot pass through unhulled and a 
large bean passes through unbroken; thus hulling both small and large beans. The coffee and the 
hulls fall from the hulling plates, or pads, on to a set of sieves, which are so arranged that they are 
continuaUy in motion and keep the hulls and coffee in line of the current of air produced by the fan 
which is located in the front part of the machine, and is arranged so as to blow out the huUs and 


»29a. 



allow the coffee to fall through the sieves on the chute, which conducts it into the receptacle placed 
to receive it. 

The coffee being free from hulls, it is necessary to give it a thorough cleaning and polishing, 
thereby removing the fine silver skin which closely adheres to the beans. An improved device for 
this purpose by the above-named makers consists of a heavy perforated brass cylinder arranged 
horizootidly in a heavy wooden frame. Through the cylinder passes a shaft on which arc a number 
of hard-wood floats. The shaft rotates at the rate of about 100 revolutions per minute. By means 
of the floats the coffee is thoroughly agitated, and thus cleaned and polished. 

Guardiola'e HuUer .—The coffee-bulling and polishing machine devised by Sr. Jos^ Guardiola, of 
Guatemala, consists essentially of a mortar and pestle, the construction being such that the coffee is 
deaned and polished by the friction of one grain against the other moving in the broken chaff. The 
pestle is a sieve having on its surface oblique projecting ribs, set at proper distances from one 
•Bother BO as to form ^annels. The interior of the mortar is also provided with ribs and channels. 
The pestles drop simultaneously into the mortars, and the coffee is forced to move up and down the 
tiianMls. The husk is broken, and finally pulverized. Each mortar, it is claimed, will clean from 
IW to 200 lbs. of coffee per hour. 

Sower’s Coffu HuUer^ it is claimed, makes the coffee in a large degree hull itself, by forcing the 
pains to mb against each other under pressure, thus preventing all breakage of the gmins and 
polishing them during the process of hulling. An iron cylinder is provided through which mns a 
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screw with peculiar broken threads. At one end of the cylinder is a hopper into which the coffee is 
fed, and a peculiar propeller forces the coffee into the cylinder, where the screw keeps the grains in 
constant agitation, grinding against each other until the husk is broken and the silver skin worn off, 
and the coffee comes out hulled and polished. It has then only to go to the separator to have the 
chaff blown off and the grains sorted according to size, when it is ready for market 

nice HuUer .—^The essential requirement of this machine is to hull the rice without breakage. An 
ingenious machine for this purpose, made by Messrs. Greorge L. Squier & Bro. of Buffalo, K. Y., 
consists of two disks running one on the other like millstones. The upper disk is stationary, and 
the lower one, instead of having a rotary motion like a millstone, has a reciprocating motion. The 
unhulled rice passes from the hopper through an eye in the centre of the upper disk, and, the disks 
being grooved in a peculiar manner, the rice spreads over the face of the lower disk, and is rolled 
and rubbed between the two disks until the hulls are removed, when it passes out over the edge of 
the lower disk and falls into a receptacle. Increased capacity is attained by multiplying the disks, 
all being put into one frame and actuated by a single pitman. In all rice there is a certain amount 
of small, green, shriveled, or imperfect grains, that will pass through any huller unhulled; and one 
difficulty of rice-hulling h^ been to dispose of these. It is too expensive to pick them out by band, 
and therefore it has been the custom in rice-mills to dump all the rice as it comes from the bulling 
stones into mortars, and pound it until the hulls ore worn off from these few unhulled grains. A 
separator has been devis^ by the above manufacturers which is claimed to separate the unbulled 
from the hulled grains, and to clean rice and save every grain with little or no breakage. 

HYDRAULIC ENGINE. See Engines, Wateb-Pbe^urx. 

HYDRAULIC FORGING. See Forqino. 

HYDRAULIC MAIN. See Gas Apparatus. 

HYDRAULIC ^RESS. See Press, Hydraulic. 

HYDRODYNAMICS treats of the laws of liquids in motion. One of its most important prin¬ 
ciples is that which determines the velocity of jets which issue from orifices at various depths in the 
sides of vessels containing liquids, and depends upon the laws of hydrostatic pressure. If an orifice 
is made in the side of a vessel containing a liquid, the liquid will issue from it with a velocity equal 
to that which a heavy body would acquire in falling through the vertical distance between the sur- 
face of the liquid and the orifice. If the jet is directed upwaixi, it will ascend, theoretically, to a 
level with the surface of the liquid; but practically it will fall short of this in consequence of fric¬ 
tion at the orifice, and of the resistance offered by the air. At first sight it would appear that the 
velocity of effiux would be proportional to the pressure; but an analysis of the case, apart from the 
test of experiment, will show that this cannot be, for in no case can the jet be projected higher 
than the surface of the liquid. If, in general terms, the velocity of a jet were in proportion to the 
pressure at the point of issue, a column of mercury would throw a jet with 13^ times the velocity 
that an equal column of water would; but it must be perceived that a column of mercury can only 
propel a jet as high (theoretically) as the surface, and therefore to the same height as an equal col¬ 
umn of water can. Now, there can be no doubt that the pressure of mercury at the same depth is 
times that of water; but mercury, being also 13| times as heavy as water, has 13^ times as 
mbch inertia, and therefore requires so many times as much force to give it the same initial velocity. 
The velocity with which a liquid escapes from an orifice varies as the square root of the depth below 
the surface; so that when the points of escape are 1, 4, 9, and 16 feet in depth, the initial velocities 
will be as 1, 2, 3, and 4. This is the celebrated theorem of Torricelli, which he deduced from the 
laws of falling bodies. As the velocity of a falling body is in proportion to the time of its fall, it 
will be in proportion to the square root of the height fallen through, and is represented by 
formula V = V2ffh^ in which is the accelerating force of gravity (= 32.2), and h the height. (See 
Dynamics.) A jet issuing from the side of a vessel describes, theoretically, a parabola, precisely 
as in the case of a solid projectile; for the impelling force and the force of gravity act upon the jet 
in the same manner, and the resultant force gives it the same direction. The range, or distance to 
which the jet is projected, is greatest when the angle of elevation is 45**, and is the same for eleva¬ 
tions which are equally above or below 46®, as 60” and 30*. The resistance of the air however alters 
the results, and the statement is only true when the jet is projected into a vacuum. 

If a vessel filled with water have orifices made in its side at equal distances in a vertical line from 
the top to the bottom, a stream issuing from an orifice midway between the surface and the bottom 
will be projected farther than any of the streams issuing from the orifices above or below. This 
may be demonstrated by the adjoining diagram, Fig. 2330. Let a semicircle A F E he described on 
the side of a vessel of water, its diameter being equal to the height of a liquid. The range of a jet 
issuing from either of the orifices B, C?, or D will be equal to twice the length of the ordinates B Fy 
C ly or D K respectively; and therefore jets issuing from B and D will meet at a point H ouk level 
with the bottom, and twice the length of the ordinates B F and D K. Now, as the ordinate C / is 
the greatest, the range of the jet issuing from C will be greater than that of any other jet. The 
amount of water escaping in one second from an orifice would, theoretically, be equal to a cylinder 
having a diameter equal to that of the orifice, and a length equal to the distance through which a 
body will move with a umform velocity after it has fallen through a height equal to the vertical dis¬ 
tance between the surface of the liquid and the orifice. If this distance is 16.1 ft., the velocity 
acquired will be 82.2 ft. per second, and therefore the theoretical quantity discharged from an ori- 
fice 4 in. in diameter, whose centre is 16.1 It. below the surface, would be equal to a cylinder 4 in. 
in diameter and 32.2 ft. long, and containing 4,828.5 cubic inches, or about 21.83 gallons. 

The actual discharge from a thin orifice not furnished with an ajutage is however much less, being 
only about two-thirds of the theoretical amount. The loss is owing partly to friction, but mainly to 
the interference of converging currents moving within the vessel toward the orifice. This interfer¬ 
ence may be shown by employing a glass vessel having a perforation in its bottom, as represented in 
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Fig. 2331. If particles of some op^ue substance having nearly the same specific gravity as water, 
so that they will remain suspended in it for a space of time, be mingled with the water, they will be 
seen to move in the direction indicated by the lines in the figure, which are nearly direct. If the jet 
a carefully observed, it will be seen that it is not cylindrical, and that for a distance from the orifice 



of about half its diameter it resembles a truncated cone with the base at the orifice. This contrac- 
tiou of the stream is called the vena eontraciay and its smalleit diameter is stated to be from 0.6 to 
0.8 of that of the orifice. When the stream has a direction downward nearly vertical, it continues 
to diminish beyond the vena contracta, in consequence of the increased velocity caused by the force 
of gravity, the size being in the inverse proportion to the velocity. The increased velocity at the 
vena contracta is due to the pressure which forces the particles of water into a narrower channel. 
As the jet continues to fall, it forms a series of ventral and nodal segments, as shown in Fig. 2832. 
The ventral segments are composed of drops elongated horizontally, as seen at a a a, while the nodal 
segments are elongated vertically, as seen nt bbb; and as the segments have fixed positions, it follows 
that the drops in falling are alternately elongated vertically and horizontally. If the orifice is in the 
dde of the vessel and discharges horizontally, the size of the stream does not diminish in the same 
mamier as when falling vertically, and it is sooner broken. If a cylindrical tube or ajutage whose 
length is from two to three times its diameter is fitted to the orifice, the rate of efflux may be in- 
erwsed to 80 per cent, of the theoretical amount. The velocity will be somewhat diminished, but 
the vena contracta will be laiger in proportion. If the inner end of the ajutage has a conical shape 
with the base toward the interior, the efflux may be further increased to 96 per cent.; and it has 
been found that if the outer end of the tube is also enlarged, the efflux 
may be still further increased to very nearly the theoretical amount, say 
28 per cent When a cylindrical ajutage is used, there will be a pariial 
▼acaum formed between the sides of the tube and the contracted vein, as 
shown in Fig. 2333. If a pipe ascending from a reservoir of water is let 
into this part of the ajutage, the water will rise in the pipe; and if the 
height is not too great, the vessel may be emptied. 

The resistance offered by conduits is a subject of great importance in 
practical hydrodynamics, upon which extended experiments have been 
made. When the length of the ajutage bears more than a certain pro¬ 
portion to its diameter, the efflux is reduced to about the same amount as 
when the stream issues through a thin orifice, that is, about 62 per cent, 
of the theoretical amount. With a pipe H in. in diameter and 30 ft. 
long, the efflux will be only about half that from a thin orifice, or 31 per 
cent of the theoretical amount. This reduction is caused by friction 
between the liquid and the tube, as well as between its particles, and is greater with cold than with 
•vm liquids. This resistance to motion, o** approach to rigidity, which is conferred by cold, is called 
riscoritj, and is a principle which has to oc taken into account in nearly all very careful hydraulic 
calculations. 

RmOanee of lAquidt to the Motion of Solid Bodies ,—This will depend upon the form and size of 
the body. The following are two important laws: 1. With the same velocity, the resistance is pro- 
p^ioual to the extent of surface applied by the solid to the liquid in the direction of motion. 2. 
With the same extent of surface, the resistance is proportional to the square of the velocity. These 
laws may be demonstrated experimentally, but their truth will also be apparent from the following 
considerations. In regard to the first law, it will be easily understood that with the same velocity 
the amount of water displaced will be the measure of resistance, and that a surface of two square 
feet will displace twice as much as one of one square foot. The second law is not so evident, but 
will be made clear by considering that with a given surface, when the velocity is doubled, twice the 
quantity of liquid will move through twice the space in the same time, and will therefore, according 
to the principles of mechanics, have a fourfold momentum. The resistance, therefore, offered to a 
plme surface moving at right angles against a liquid, is measured by the area of the surface multi¬ 
plied into the square of the velocity. It has been found that a square foot surface, moved through 
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water with a velocity of 32 ft per second, meets with a resistance equal to a weight of 1,000 lbs. 
When the motion of a body in a liquid is very slow, say less than 4 in. per second, depending on the 
siae of the body, the larger body requiring to move more slowly, the above laws are not rigidly fol¬ 
lowed, but the resistance is divided into two components, one of which is proportional to the simple 
velocity, and the other to the square of the velocity. The most accurate results in experimenting 
with slow motions were obtained by Coulomb, who used his torsion balance. One of the most inter¬ 
esting problems in mathematics has been to detr rmine the form of a solid which will meet with the 
least resistance in moving through water. This form is called the “ solid of least resistance,” and is 
approached as near as practicable in the construction of ships. 

The complete demonstration of the principles of hydrodynamics involves the higher mathematics, 
and their elucidation in full would require greater space than can here be afforded. For this the 
reader is referred to the special treatises on the subject 

For a full discussion of Herr Kutter's new formula for mean velocity of discharge of rivers and 
canals, see a work bearing that title, translated by Louis D’A. Jackson, A. I. C. £. (London and 
New York, 1876); also, for a complete exposition of the science, “Hydraulic Manual and Statistics,” 
by the same author. The following works may also be consult^: “Practical Hydraulics,” by 
Thomas Box (4th edition); “ Manual of Hydrology, containing Hydraulic and other Tables,” etc., by 
Nathaniel Beardmore, C. E.; Tredgold’s “ Tracts on Hydraulics ”; “ Hydraulic Engineering, a Prize 
Essay on the Encroachment of the Sea between the River Mersey and the Bristol Channel,” by J. E. 
Thomas (1866); “Hydraulics of Great Rivers, being Observations and Surveys on the largest Rivers 
of the World,” by J. J. Revy, with plates and charts; “ Mechanics of Fluids,” by Alexander Jamie¬ 
son, LL. D.; “ Engineers’ Pocket-B^ks ” of llaswell, Molesworth, and Trautwine; “ A Descriptive 
and Historical Account of Hydraulic and other Machines for raising Water,” by Thomas Ewbank 
(16th edition). See also Aqueduct, Barrage, Canals, Drainage, Pumps, Water-Wheels, and 
Well-Boring. 

HYDROMETER, or AREOMETER.* An instrument for determining the specihe gravity of li¬ 
quids. It generally consists of some buoyant body, as hollow glass or copper, weighted at the bottom 
and supporting a graduated stem, or one having a definite mark. There are two kinds, those of con¬ 
stant and those of variable immersicn. Those of constant immersion are made to sink in the tested 
liquid, whether dense or light, to the same depth, by balancing with weights. Those of variable im¬ 
mersion have no movable weights, but rise or fall according to the density of the liquid. 

Nicholson’s hydrometer, Fig. 2334, is of the first kind. As usually constructed, when this instru¬ 
ment is immersM in water it requires a weight of 1,000 grains to make it sink to a certain mark on 
the stem. According to the principle of Archimedes, the weight of the instrument, together with 
the 1,000 grains which it sustains, is equal to the weight of the volume of water displaced. If the 
instrument is placed in a liquid lighter or heavier than water, and the weight changed until it sinks 


to the same depth, the specific gravity of the liquid will be indicated by the formula g = . 


W+w 


where W is the weight 
less than 1,000 grains, 



weight of a volume of 
will be = 2.03. 
more than its weight 


W 1 , 000 ’ 

of the instrument, and w that of the weights placed ujmn the pan. If ic is 
it will show that the liquid is lighter than water; and if it is more than 1,000 
grains, it will show that it is heavier. This instrument may also be 
used to find the specific gravity of solids, or as a delicate balance. 
For these purposes it has a small cup or wire cage suspended at the 
bottom to hold the body, which may be either heavier or lighter than 
water. To find the specific gravity of a solid, let it be first weighed in 

air, by placing upon the pan a 
2335 ^ piece of the substance which 

2330 weighs less than 1,000 grains. 

S 837 . Suppose the substance to be 

sulphur, and that 440 grains 
are required to be added to 
make the instrument sink 
to the mark on the stem, 
the weight of the sulphur is, 
evidently, 1,000 — 440 = 660 
grains. Now, what it loses if 
weighed in water will be the 
weight of an equal bulk of 
water, and this will be found 
by placing it in the cup or 
cage at the bottom, and add¬ 
ing sufficient weights to those 
in the pan at the top to bring 
the mark to the level of the 
water. If it requires the ad¬ 
dition of 276.2 grains, that 
amount will represent the 
water equal to the sulphur; consequently the specific gravity of the sulphur 
If the body is lighter than water, it will of course require the addition of 
to the pan, and for immersion it will require to be pla<^ in the wire cage. 



• From the “ American Cyclopedia.” 
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fUirenhcit’s hydrometer differs from Nicholson’s in being constructed of glass, and having a con¬ 
stant weight of mercury in a bulb at the lower end. Its use is therefore restricted to the weighing 
of fluids. 

Of hydrometers of variable immersion, Baumd’s is the one most frequently used, and furnishes a 
good example of the class. Two instruments, of different forms, are represented in Figs. 2335 and 
2336. They are made of glass; their stems are hollow and lighter than the fluid in wUch they are 
immersed. Fig. 2386 is called a salimeter, and is used for estimating the proportion of a salt or 
other substance in solution. It is graduated in the following manner: Being immersed in water at 
a temperature of 12*" C., the point to which it sinks is marked 0**; it is then placed in a solution con¬ 
taining 15 parts of common salt to 85 of water, the density of which is about 1.116, and the point to 
vhidi it sinks is marked 15, and the interval divided into 15 equal parts; the graduation is then ex 
tended downward, generally terminating at 66®, which corresponds to the density of sulphuric acid 
When the instrument is to be used for liquids lighter than water, the zero is not placed at the point 
to whidi it sinks in pure water, but at a point to which it sinks in a solution containing 10 parts of 
cooimon sait to 90 of water. The point to which it sinks in pure water was marked by Baumd 10®, 
and the graduation was continued upward to the highest point to which the stem might be immersed 
in the lightest liquid. Fig. 2386 represents the instrument for liquids lighter than water. The grad¬ 
uation of these hydrometers is arbitrary, and is an indication of the strength of the liquid only after 
trial. 

Hare’s hydrometer, a very valuable instrument, but one which has not been much employed, acts 
npon the principle of the barometer, and yields directly results of definite comparison; it is repre- 
toited in Fig. 2337. A Q-shaped tube has its legs, of equal length, placed in shallow vessels, one 
containing the liquid to be tested, and the other a liquid taken as a standard, as water. A partial 
vacuum is then produced in the tube by exhausting the air by means of an air-pump, the mouth, or 
otherwise, making use of the stop-cock to facilitate the operation. It is evident tlmt the height of 
the liquid column will be in the exact inverse proportion to the specific gravity of the liquids. 

Hydrometers have various names, according to the purpose for which they are used: as lactome¬ 
ters, for estimating the amount of cream in milk, or the quantity of sugar of milk in the whey; vino- 
met^ for estimating the percentage of alcohol in wine or cider; and there are acidometers and 
saccharometers. 

HYDROSTATICS. The mechanical properties of liquids are determined on the hypothesis that 
liquids are incompressible. They are, however, more compressible than most solids. If a cubic inch 
of water be pressed with 15 lbs. on each and every side, the volume will be diminished Tuhisny 
hence 1 lb. pressure to the square inch will diminish the volume iTiAnny* water be confined 

in a perfectly rigid prismatic vessel, the compression would take place entirely in the direction of 
the leng^ and would equal TrtnjHnrff the length for every pound per unit of area of the end pres¬ 
sure. Water therefore is nearly 100 times as compressible as steel. All other liquids are more or 
less compressible; yet, for most practical purposes, they may be considered as non-elastic without 
involving sensible error. Liquids are sometimes defined as non-elastic bodies. 

The upper surface of a liquid contained in a vessel which receives no pressure is called the free 
sor&ce. The upper surface of water in the atmosphere is pressed downward by the air with about 
15 lbs. to the square inch; yet such a surface is often considered as a free surface. The free sur¬ 
face of small bodies of a perfect liquid at rest may be considered as horizontal, for it will be perpen- 
cficolmr to the action of gravity; but for large bodies of liquid it is spherical, partaking of the gen¬ 
eral form of the surface of the earth. A level surface is one which cuts at right angles the result¬ 
ant of the forces which act upon its particles. Thus, in a vessel filled with a heavy liquid at rest, it 
is horizontal; in the ocean, it may be a surface at any depth and nearly concentric with the free 
Borfaoe. In a (^lindrical vessel containing a perfectly homogeneous liquid, if the vessel be revolved 
iB^ormly about a vertical axis, the surface becomes a paraboloid of revolution. In a vessel filled 
with a p^ectly homogeneous liquid and drawn horizontally with a uniform acceleration, the free 
sarfaoe becomes a plime. If a perfectly homogeneous mass of liquid be acted upon by a force 
whkh varies directly as the distance from the centre of the mass, the free surface will be of spheri- 
ori form; if the mass rotates about an axis, the form assumed will be that of an oblate spheroid, 
whidi is the shape of die earth. 

It will be obvious from the forcing that each particle of a liquid must exert and receive equal 
pressures in all directions. If this were not true, the particles of a liquid could not come to a state 
of rest. From this prindple it follows that equal surfaces of the sides of a vessel containing a 
Bquid receive equal pressures at equal depths below the surface; and also that if a closed vessel be 
jUied with a liquid which we will suppose to have no weight, and if an aperture of the size of 1 square 
inch be made in one side of it and fitted with a piston upon which there is exerted a pressure of 10 
Iba, there will also be exerted the same pressure of 10 lbs. upon every square inch 
of the lateral surface of the vessel. Consequently, if another aperture of 100 square 
belies area be made in the side of the vessel, and a cylinder of the same size be 
to it, a piston fitted to this will receive a pressure of 1,000 lbs. Upon this 
prindple the hydraulic press is constructed. 

In 2338, let .^represent the large piston in the vessel A B C and i^the 
RmU one. Let P represent the pressure on piston Ej A the area of the orifice in 
wiririi this piston enters, p the pressure on piston and a the orifice to which this 
piston is fitted. Then, according to the principle noted above, a : A :: p : P, But the areas of 
<fiiferent circles are to one another as the squares of their diameters. Representing these areas by 
^tod D, we have d* : D* :: p: P, in which these values are substituted in the first-noted equation. 

this ratio we obtain /) Z>* — Pd*. From this we have the following rules, the application of 
whidi to the designing of hydraulic presses will be obvious: 
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To find the intensity of the pressure on the cylinder-piston, multiply the square of the diameter 
of the cylinder by the pressure on the piston of the fordng-pump, and divide the product by the 

P D* 

square of its diameter; or the formula, P= • 

Example .—If the diameter of the cylinder is 5 inches and that of the forcing-pump 1 inch, what 
is the pressure on the piston in the cylinder, supposing the pressure applied on the small piston to 

6* X 160 

be equivalent to 750 lbs ? P= — ra — = 18,760 lbs. 

^ Pd* 

To find the pressure on piston or power required, we have p = 


/p jf 

The diameter of the cylinder is obtained by the formula D = ju -; and the diameter of the 

forcing-pump is given by the formula d = y/ • These are very easily applied, as indicated by 


the practical example already given. 

In designing hydraulic presses the following data will also be found useful: 

To determine the thicl^ess of metal in the cylinder to withstand the required pressure: The 
amount of force which tends to rupture the cylinder along the curved side, that is, to divide the 
cylinder in halves lengthwise, is equal to the pressure per square inch on each lineal unit of the 
diameter multiplied by the length of the cylinder. Thus, let the piston of a hydraulic press be 10 
inches in diameter, and the pressure 300 tons net; then the pressure per square inch of piston ivill be 
800 tons divided by the number of square inches in the piston, or = 7.639 lbs. The pres¬ 

sure per inch in length of the cylinder tending to split or tear it apart is equal to the diameter mul¬ 
tiplied by the pressure per square inch; or in tliis case, 10 x 7639 = 76,390 lbs., of which, of course, 
each side sustains one-half. 

An English rule for the construction of cast-iron cylinders is to make the thickness of metal equal 
to the interior radius of the cylinder, and to determine the entire pressure in tons. When the diame¬ 
ter of the cylinder is given, the following simple rule is used : Multiply the square of the diameter 
in inches by tha constant number 2.9186, and the product will be the pressure in tons. And aguo, 
when the pressure in tons is given, the diameter of the cylinder may be determined by reversing the 
process, or by the following rule: Divide the given pressure in tons by the constant number 2.9186, 
and extract the square root of the quotient for the diameter of the cylinder in inches. 

Example. —The diameter of the cylinder in a hydrostatic press is 10 inches; what is its power, or 
what pressure does it transmit ? Here, by the first rule above, we have P= 10* x 2.9186 = 291.86 
tons. 

Example. —What is the diameter, and what the thickness of metal, in a press of 800 tons power? 
By the second rule above, we have D* = 800 -r 2.9186 = 102.81 nearly. Therefore, by extracting 
the square root, we obtain D = 4/102.81 = 10.13 inches. Consequently, the thickness of metal is, 
t — 10.13 -i- 2 = 6.065 inches. 

Examples of mechanical construction of hydraulic presses will be found under Presses. 

The Hydrostatic Bellows^ shown in Fig. 2339, acts upon the same principle as the hydrostatic press; 
the cover of the bellows, upon wiiich the weight is placed, performing the office of the laige piston, 
while the column of water in the tall vertical pipe acts the part of the small piston of the press. 
The hydrostatic bellows also illustrates the principle of the hydrostatic paradox, for the vertical pipe 
and bellows are virtually one vessel, the base of which is the bottom of the bellows. The pressure 
exerted by the liquid in the pipe upon the upper plate of the bellows is received by the lower plate, 
which also has an additional pressure equal to its distance below the upper plate; and if the water 
in the pipe is ten times as high as that in the bellows, it follows that the pressure on the bottom 
plate will be ten times as great as that which would be produced by the liquid contained within the 
bellows itself, for that is only equal to its own weight. If a barrel of water therefore have a tall 
tube inserted in one head and standing vertically, a pressure may be produced on its bottom several 
thousand times that due to the weight of the water alone. In accoi^ance with this law of hydro¬ 
static pressure, a liquid will rise to the same height in different branches of the same vessel, whether 
these branches be great or small. Thus, water contained in the U-shaped vessel, Fig. 2340, will rise 
to the same height in both branches, which is an illustration of the principle that the pressure of a 
column of liquid is in proportion to its height and not to its quantity. This principle, however, if it 
is entitled to such a name, proceeds directly from the principle of Archimedes that each particle in 
a liquid at the same depth receives an equal pressure in all directions. If, however, one leg of a 
U-shaped tube contain mercury and the other water, the column of water will stand 13^^ times as high 
as that of mercury. 

It follows from the fact that a liquid presses equally upon equal areas of a containing vessel at the 
same depth, that if a hole is made in one side of a vessel, less pressure will be exerted in the direc¬ 
tion of that side; and therefore, if the vessel is floated on water, as in Fig. 2841, it will be propelled 
in the direction of the arrow. Barkcr^s centrifugal mill, a small model of which is shown in Fig. 
2342, acts upon the same principle of inequality of pressure on opposite sides. The propelling force 
has l^en ascribed to the action of the escaping liquid pressing against the atmosphere, by which a 
corresponding reaction is obtained; but if the machine is placed in a vacuum, it will rotate with 
greater velocity than in the open air, which proves that the propelling force is the preponderance of 
pressure in one direction. 

Laws or Pressure.— 1. The hydrostatic pressure against equal areas of the lateral surfaces of 
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eylmdrical or prismoidal vessels, beginning at the surface of the liquid, varies as the odd numbers 1, 8, 
5, 7, etc. 2. The hydrostatic pressure against the entire lateral surfaces of cylindrical or prismoidal 
ressels is proportional to the square of the depth. The first law is demonstrated as follows: Hydro 
static pressure in any direction at any point in a liquid is in proportion to the depth, a result due te 
the action of gravity; therefore the mean pressure against any rectangular lateral area will be on a 


2342. 



boriantal line midway between the upper and lower sides of such area. The depth of this line 
proceeding from the surface of the liquid downward, varies as the odd numbers 1, 8, 5, 7, etc., as will 
be seen by an inspection of the adjoining diagram, Fig. 2343. The figures placed upon the dotted 
Knee in the centre of the areas indicate the pressures upon those lines, and also the proportional 
pressures against those areas. The figures on the right side of the diagram indicate the pressures 
at points of equal vertical distances, while those upon the left indicate the total lateral pressures, 
which it will be observed are the squares of the number of areas included; by which is demonstrated 
the second law, that the total lateral pressure against rectangular areas is in proportion to the square 
of the depth. The weight of a cubic foot of water is 62.6 lbs.; therefore the lateral pressure 
against a surface of a square foot, whose upper side is in the surface of the liquid, is 31.26 lbs. 
From this it is easy to ascertain the pressure against a square foot, or any area, at any depth below 
the sorface. Simply multiplying the number of feet below the surface by 2 and subtracting 1, mul¬ 
tiplying the remainder by 81.26 and this product by the number of horizontal feet, will give the 
pressure of a stratum of water a foot deep, at any depth below the surface and of any length. To 
ascertain the entire pressure against the sides of a vertical cylindrical or prismoidal vessel, square 
the depth of the liquid in feet or inches, and multiply this by the lateral pressure against an upper 
▼crtic^ square foot or inch, as the case may be, remembering that the weight of a cubic inch of 
Viter is .6792 of an ounce, and therefore that the pressure against an upper lateral side is .2896 of 
la ounce. 

ErampU ,—^What is the total pressure exerted against the sides of a cylindrical pipe 60 ft. high 
and 2 in. in diameter ? 60’ x 31.26 = 112,600. The diameter of the pipe being 2 in., the circum¬ 
ference of the inner surface is 2 x 8.141692 (the constant ratio) = 6.283184 in., of a 

foot. Therefore, 112,600 x = 68,904.92 lbs., or 29.46 tons. The lateral pressure on the 

lower foot would be (60 x 2) — 1 = 119 x 81.26 x = 1,969.64 lbs., or a little less than one 

too. 

In the construction of walls for resisting only the hydrostatic pressure of water, as that pressure is 
in proportion to the depth, the strength of the wall should be in the same proportion. If strength 
were not ^ven to the lower layers by superincumbent pressure, the inclination of the slope should be 
45’; but in consequence of this pressure it may be less, varying with the materials and their man¬ 
ner of being pot together. In the construction of dams or barrages the varying circumstances of 
cases allow of the display of a good deal of engineering skill. A barrage suitable for restraining a 
body of water which is never strongly moved in a lateral direction against it, as at the outlet of a 
canal or a reservoir fed by an insignificant stream, would not be adapted to a mountain torrent, 
where the surface of the reservoir can scarcely ever be large enough to prevent, by the inertia 
offered by a large mass of water, the walls from being subjected to a strong lateral force from the 
setbn of the current. Under such circumstances it is usual to give a curved surface to the facings, 
in a vertical as well as in a horizontal direction; the curves in both directions being calculated from 
the following elements: 1, the ascertained hydrostatic pressure; 2, the nature of the materials, such 
ii the weight of stone and tenacity of the hydraulic cement used ; and 3, an estimate of the maxi¬ 
mum force of flowing water which may at any time be brought against the stnicture during a freshet. 
This force, it will readily be seen, will have a different dire^ion and a different point of application 
in different cases, depending upon the depth and extent of the reservoir. The top of the dam is 
therefore given a greater horizontal section than would be called for if hydrostatic pressure alone 
had to be opposed. The hydrostatic pressure at any point against the surface of a containing vessel 
b the resultant of all the forces collected at that point, and is therefore at right angles to that 
wrficc. In a cylindrical or spherical vessel these resultants are in the direction of the radii, and in 
the sphere vary in direction at every point. 

Cenirt of Pimure .—^The centre of pressure is that point in a surface about which all the resultant 
pressures are balanced. The cases are innumerable, and often require elaborate mathematical inves- 
tigatioQ. The simplest case and its general application only will be considered here, viz., that of 
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the centre of pressure against a side of a rectangular vessel. Let any base in the triangle A B 
Fig. 2844, represent the pressure at B; then will I) E represent the pressure at and all lines 
parallel to it will represent the pressures at corresponding heights. The finding of the centre of 
pressure now consists in finding the centre of gravity of the triangle A B which will be at the 
intersection of the bisecting lines E C and D By and at one-third the height of the side A B; con¬ 
sequently the centre of hydrostatic pressure against the rectangular side A B Oy one-third the 
distance from the bottom to the surface of the liquid. The average intensity of pressure against 
A B being at Ey one-half the depth of A By therefore the total pressure on the rectangular side A B 
will be the same as if it formed the bottom of the vessel and was pressed upon by a column of water 
of half the depth of A B. In general, the total pressure on any surface, plain or curved, is equal to 
the weight of a liquid column whose base is equal to that surface, and whose height is the distance 
of the centre of gravity of the surface from the surface of the liquid. 

Principle of Archimedes. —A solid immersed in liquid loses an amount of weight equal to that of 
the liquid it displaces. This is called the principle of Archimedes, and is demonstrated as follows; 
Let a 6, Fig. 2345, be a solid immersed in a liquid. The vertical section c d will be pressed down¬ 
ward by a force equal to the weight of the column of water e c, and it will be pressed upward by a 
force equal to that exerted by a column of water equal toed; therefore the upward or buoyant 
pressure exceeds the downward pressure by the weight of a column of water equal to the section c d. 
Now, this section also exerts a downward pressure; and if the body is denser than the liquid, the 
downward pressure will be greater than the excess of the upward pressure of the liquid, and the 
body will sink if not supported; but if the body is less dense than the liquid, the downward pressure 
of the column e d will be less than the upward pressure exerted against it, and the body will float. 

This principle may be experimentally demonstrated by the hydrostatic balance. Fig. 2846. Vrom 
a balance, 5, is suspended a cylindrical vessel, a, from which again is suspended a solid cylinder, c. 
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which is of such bulk and dimensions as just to fill the vessel a when introduced. The whole system 
is first balanced by weights at the other end of the beam, and then c is immersed in water. The 
equilibrium will be destroyed, and that the body c loses a portion of its weight equal to that of an 
equal bulk of water is proved by filling the vessel a with water, when the equilibrium of the balance 
will be restored. It is by means of a similar apparatus that the specific gravities of solids are ascer¬ 
tained (see Gravity, Specific) ; and upon the principles already laid down hydrometers, or instru¬ 
ments for ascertaining the specific gravity of liquids, are constructed. 

StabilUy of Floating Bodies. —There are certain points to be observed in determining the stability 
of floating b^ies; these arc: 1, the centre of gravity of the floating body; 2, the centre of buoy¬ 
ancy ; and 3, the metacentre. When a body floats upon water it is acted on by two forces: 1, its 
own weight, acting vertically downward through its centre of gravity; 2, the resultant force produced 
by the upward pi-essurc of the liquid, which acts through the centre of gravity of the fluid that is 
displaced, which point is called the centre of buoyancy of the body. It follows, therefore, that 
these two points, the centre of gravity and the centre of buoyancy, must be in the same vertical line 
for the body to ^ in a state of equilibrium; for otherwise the two forces, one acting downward and 
the other upward, would form a couple which would cause the body to turn. When these two cen¬ 
tres are in the same vertical line, but the centre of gravity is above, the body, except in some cases 
to be noted presently, is in a state of unstable equilibrium; but when the centre of gravity is 
beneath, the body is in a state of stable equilibrium. If a body is floating in a liquid and is entirely 
immers^, it will not come to a state of stable equilibrium until the centre of gravity is vertically 
below the centre of buoyancy. This is shown in Fig. 2847, in the case of bodies which are less 
dense at one end than at the other, where B and If are the centi'cs of buoyancy and O and O' those 
of gravity. 

But in many cases, when a body is only partially immersed, the centre of gravity may be above 
that of buoyancy, and yet the action of turning cannot take place, so that a condition of stable 
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eqnilibriiim will be attained under these circumstances. If a flat body, such as a light wooden 
phnk, U placed in water, it will float, and a portion will be above the surface, as shown in Fig. 2348; 
and therefore, if the centre of gravity is not below the centre of volume, it will be above the centre 
of buoyancy, and yet the body will be in a state of stable equilibrium. For if it be tipped as repre¬ 
sented in Fig. 2349, the centre of buoyancy will be brought to the position B\ on the depressed side 
of the vertical passing through the centre of gravity, and this will cause the body to return to its 
fonner position. But if the body has such a shape that when it is displaced the centre of buoyancy 
is brought to that side of the vertical passing through the centre of gravity, which is elevated as 
represented in Fig. 2350, then the body will turn over. When the body is in the new position, a vertical 
drawn through the changed position of the centre of buoyancy will intersect the line which in the 
first position passed vertically through the centre of gravity, and this point of intersection is called 
the meUcentre, represented at if in Figs. 2360 and 2351. When the metacentre is above the centre 
of gyavity, as in fig. 2351, the body will tend, 
by the action of the centre of buoyancy, to re¬ 
turn to its former position; but when it is be¬ 
low, as in Fig. 2350, the action of the centre of 
buoyancy, being upward on the elevated side, 
will tend to turn the body over. Its proper 
place, therefore, as its name would indicate, is 
above the centre of gravity, but it cannot be a 
fixed point. In all well-built ships, however, its 
position is pretty nearly constant for all inclina- 
dona. For example, in Fig. 2351, as long as 
increase of inclination of the vessel carried the 
centre of buoyancy B to the left, the point M 
might remain at nearly the same distance from 
Qy because it would also move to the left. But 
If the inclination of the vessel in the same direo- 
don carried the centre of buoyancy to the right, 
the height of the metacentre if would diminish until it would be in f?, when the equilibrium would 
be indifferent, and at last below when the ship would turn over. It is desirable to have the 
metacentre as far as possible above the centre of gravity; and this condition is secured by bringing 
the centre of gravity to the lowest practicable point, by loading the ship with the heaviest pait of 
the cargo nearest the keel, or by employing ballast. 

ICB-HARVESTING APPARATUS. Ice-cutting, as practiced on the lakes and rivers of this 
eoontiy, is a process essentially American. The season during which ice can be gathered is (at least 
in the Eastern States) so brief that the utmost activity is required to obtain the supply necessary for 
home consumption, irrespective of the demands of our large export trade, which in 1876 amounted 
to over 60,000 tons, representing $200,000 in value. Ice has been a comm^ity only since 1825. In 
1876 tbe amount required for home consumption and harvested was over 2,000,000 tons, requiring a 
force of 10,000 men and 4,000 horses. 

Harmting .—^When a favorable time comes for gathering the ice, there is a scene of great activity 
in the vicinity of the storing-houses. A fleld is laid out varying according to the facilities for gather¬ 
ing. On the Hudson River in New York, and the Kennebec River in Maine, from which immense 
quantities are taken, the first operation is the removal of any loose snow. TMs is accomplished by 
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means of the V-shaped plough, and also what is known as the fire-board scraper. Fig. 2362. The 
«now now being removed and the “ field ” clear, the next operation is to mark out a line for a 
machine known as the “ marker.” This is generally accomplished by stretching over the ice a line 
half an inch thick and several hundred feet long, which is used as a guide in making the first cut. 
The marker generally used consists of a wrought-iron back with head-piece and handle-sockets, all in 
one. Into the back are set eleven cutting teeth of cast steel, half an inch thick, and varying in 
kngth from half an inch In the first tooth to 3 inches in the last, clear of the back. Each tooth has 
2 inches insertion, and they are secured in position by two wrought-iron bolls. Immediately in 
front of the first tooth is a small piece of steel a quarter of an inch shorter than tbe first tooth. Its 
purpose is to remove loose ice, stones, etc., from the path of tbe marker. Each tooth cuts a quarter 
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of an inch^ the full depth being 3 inches; the cutting depth can be regulated by the adjustable 
guide at the heel of the marker. Attached to the back of the marker by a hinge-joint and bolts is 
the swing-guide, made of cast-steel, designed to regulate the size of the cake to be cut. Each marker 
has two such guides, of 22 and 82 inches. The guide is steadied by a bar extending to the stiffening- 
vod of the handle, and also used to raise the guide in case an obstruction is met. 

The marker follows with its guide the line first laid out. When the end of the line is reached, the 
guide is reversed and set to run in the groove just made, and this process is repeated at a distance of 
22 inches between each cut until the whole field is marked off in parallel lines. 

The Ice PUme^ represented in Fig. 2368, is used to cut off snow-ice and dirty ice. It is made of 



cast-iron, is 22 inches wide, and is quite heavy. After marking the ice to a uniform depth with a 
marker, the sides of the plane run upon the bottom of these grooves, and the knife can be set to cut 
off any thickness up to about 3 inches, «s desired. The amount cut off is regulated by setting tho 
knife by means of the set-screws on the sides; these should be securely screwed into their seats 
before using the plane. The weight of the driver keeps the plane steady in the grooves. When the 
plane has rendered the ice smooth, the marker, with its guide changed to 32 inches, crosses the par¬ 
allel lines at right angles, and continues until the field is marked off in blocks 22 by 32 inches. Tbe 
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plough is now used to finish the cutting, which is gendVally required to be one-half the thickness of 
the ice, but varies according as the ice is soft or very thick. 

Ice-Phtighs. —Ice-ploughs are designed to finish the work begun by the markers, and they are 
graded to follow each other according to the thickness of the ice to be harvested. The cutting is done 
by means of a scries of teeth, each one of which varies slightly in length from the rest, the shortest 
being at the front of the row. Each of these teeth will cut about a quarter of an inch of ice, so that 
a plough with 8 teeth will go through about 2 inches each time it passes along the grooves. Ice-ploughs 
are m^e either with or without the swinging or stationary guide, these being required only when the 
marker is dispensed with. Fig. 2364 represents the form of iee-plougb made by the Knickerbocker 
Ice Company of Philadelphia (to which corporation we are Indebted for much information and many 
of the engravings presented in this article). The implement here depicted is strongly made of cast- 
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iteel Fig. 2355 shows a hand-plough, used for drawing the first straight line on the ice for the 
marker or plough to follow. It is also convenient for reopening short grooves which have been frozen, 
for finishing the ends of grooves, or for marking large blocks intended to be cut into two or more 
cakes when taken from the ice-house. 

After the plough has cut the ice to proper depth, the tee^soto. Fig. 2856, is used to open the channel 
through whi<^ the blocks are to pass to the hoisting machine, or to cut them to the desired size. This 
implement varies in length from 4 to 5 feet. The first row of ice-blocks, after being sawed, are either 
poshed under or hauled out. Afterward the blocks are separated by the tools represented in Fig. 2857. 

Ice Tools,—Ay Fig. 2857, is the ice-hook, used for storing ice in houses, towing it in the field, or 
handling it on the platforms or cars. The handle varies from 4 to 16 feet in length. is a fork split¬ 
ting-bar, for splitting the sheets as they pass along the channels to the elevator. The teeth split the 
ice evenly, and for this reason this implement is often preferred to the single broad blade. C is a 
grooving-lMr, supplied with a broad, blunt blade at one end, which is used to insert in the grooves 
made by the plough and to break off the ice from the field into sheets; at the opposite end there is 
a sharp blade like a chisel, which is employed only when the groove has been frozen over. i> is a 
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channel hook-bar, or chisel and hook combined. This, when attached to a long wooden handle, is 
convenient for drawing the ice near enough with the hook to split the sheets and single cakes 
with the chisel part of the bar. is a splitting-bar, used to split large sheets into single blocks as 
they are floated along the channels to the ice-house. The ring is desirable, as it prevents the bar 
from slipping throu^ the hands in wet or very severe weather, is a calking-bar, used for packing 
the grooves made by the plough at the sides and ends of the sheets, and thus preventing the water 
from flowing into the grooves and freezing the blocks together again while they are being floated down 
the channel to the ice-house. 6^ is a chisel or raising-bar for separating the cakes; and H is another 
form of splitting-bar used for both separating and splitting the cakes. 

GroppUs are represented in Figs. 2858 and 2359. These are chiefly used to draw ice up an inclined 
plsne where there is no other elevating machiceiy for filling ice-houses. That represented in Fig. 
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is a much heavier and stronger implement than that shown in Fig. 2359, and is generally fur- 
Bkhed with a stationary plough-hwdle. 

SffNEting and Storing Ice .—Various means are employed for elevating the blocks of ice into the 
•toiehoases. Dealers who harvest small crops, randng from 4,000 to 8,000 tons per season, neces. 
Hrily ose devices of the simplest kind. Tongs, such as are represented in Figs. 2360 and 2361, are 

69 
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most commonly employed. These are made of well-tempered steel The form shown in Fig. 2361 is 
furnished with adjustable joints, with three teeth in the plate, which press firmly against the sides of 
the ice. Two pairs of tongs can be worked with one horse. 

Ice-Oigs or Platforms^ of the shape shown in Fig. 2362, are often used instead of tongs. The blod£ 
is easily floated upon the gig, which is then hoist^. 

Where large amounts of ice are harvested, elevators of special construction are employed. Of 
these there are two classes: the ioe-screw and the inclined plane or endless chain. 

The Ice-Screvo Elevalor^ made by the Knickerbocker Ice Company of Philadelphia, consists of a 
large helix of wrought-iron wound about a wooden stem. The latter is rotated by spur-ges ring, con¬ 



nected by belting with the horse-power. The ice, being floated upon the helix, is caused by the rota¬ 
tion of the latter to ascend and finally to pass off by a chute. By reversing the motion, the ice can 
be lowered from the building as rapidly as it can be elevated, the weight of the ice furnishing the 
power. A simple brake is required to prevent the screw from revolving too rapidly, and to stop it 
when required. 

The EndUit Chain Elevator is represented in operation in Fig. 2863. The apparatus, as made by the 
Knickerbocker Ice Company of Philadelphia, consists of an endless chain, which runs along a load* 
ing platform to the doorways of the ice-house or series of ice-houses, as the case may be. At inter¬ 
vals on the wharf side of this platform are hoisting-ways, by means of which the ice is taken from 
the vessel’s hold and deposited on the chutes. The latter are elevated so as to give the ice suflitnent 
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motion to cany it gently to its place on the chain, when it is conveyed along the platform, until it 
reaches the point where wagons are ready to receive it, or is conducted up into the ice-houses, should 
it be intended for storage. The rear portion of the platform is supplied with a simple adjusting 
apparatus, by which the runs can be elevated or depress^, as the ice may be wanted at the top of the 
icehouse or on a level with the platform. When the machine is needed for loading from the house 
instead of from the vessel, the motion is simply reversed, when the ice is brought down the inclined 
plane and along the platform to the wagons or ears, as may be required. By the aid of one of these 
machines, 1,000 tons of ice daily can re^ly be removed from the vessel to the ice-house, or from the 
latter to cars or wagons, and with regularity and ease. 

Two forms of this device are made, one ** overshot ” and one ** undershot,^’ the latter feeding the 
ioe under the shaft by reversing the motion of the chain. The advantages of this last device are, that 
the elevator can be used in very shallow water, and can be adapted to any ice-house, to an incline of 
•ny grade, and, by potting in an extra pair of water-wheels, to any angle. It also requires less chain 
than the overshot machine. 

TU Gifford EUvator^ constructed by Gilford Brothers of Hudson, N. Y., is shown in Fig. 2364, which 
represents a sectional view of the ** incline,” two chain-wheels, and the friction-gearing at the top of 
the house. An elevator is used singly for a 6- or 10-ton house, or 8 or 10 of them for 60- and 80-ton 
houses may be connected by a line of 3^- or 4-inch shafting. The line of shafting is situated 4 or 6 

feet above the plate, and about 8 feet from the front of the house, 
and is driven by an inclined line of shafting and bevel-gearing. 
The engine and line-shaft may run continuously, but the elevators 
are operated independently of each other. An “incline” or frame 
extends from the plate to the water-line or into the water. Two 
timbers, 4 by 10 inches, running parallel to each other, extend its 
length. Inside of each of these, and running in the same direc¬ 
tion, are joists, bolted fast, on which the chain rides. Under the 
timbers, at distances of 2 feet, are 
cross-joists over which are laid light 
strips by H inches. The main 
elevator-shaft is provided with fric¬ 
tion-wheels having V-shaped grooves 
on their sides. These drive two wheels 
cn another shaft, which, by means of 
teeth on their periphery, carry end¬ 
less chains, one on each side of tho 


iodine. These ebains pass down and over two wheels in the water, and are connected by bars of 
oak (4 by 4) placed 6 feet apart The bars catch and carry up one or two cakes of ice, which the 
** feeder ” shoves in. The incline is fitted with openings in its framework, at various distances, 
through which the ioe falls upon a ** run,” on which it slides by its own gravity to the centre of the 
room where it is ” placed.” A space of 2 inches is left around each cake. The room being filled 
to the height of the run, the opening in the incline is closed and the ice is carried to the next open¬ 
ing above, and so on till the house is filled. Should there be any obstruction, the elevator tender 
leto go the lever, the friction-gears are thrown apart, and, as the pinion turns loosely on the shaft, 
it fails to drive the chain-wheels, and the chain is stopped instantly, and prevented from slipping by 
a heavy positive brake acting on the cogs of the chain-wheel. This elevator is claimed to have a 
capacity for raising two cakes of 24-inch ice per bar, or 720 tons per hour, with a chain-speed of 
IW feet a minute. 

SUmg-Himoeo ,—The buildings used for the storage of ice are not constructed according to any 
generally recognized plan. The walls are usually composed of a substance which is a non-conductor 
^ heat. Both brick and wood are used in their construction, each having its advocates. Those who 
fivor brick state that ice keeps best where the walls are double, with intervening dead-air spaces. 
Those who prefer wood object to brick on the ground that, the outer wall being heated, the air 
between is also heated, and that practically the greatest waste is in the immediate vicinity of the 
walls, for a space often of 3 feet on all sides. In building with wood heavy joists are used, sheathed 
inside and out with 1-inch matched boards, the intervening distance of 12 inches being well packed 
with saw-dust or spent tan-bark. Sometimes the walls are triple or quadruple. Some houses are 
built in stories, with sluiceways to carry off the melted ice. These buildings, however, have been 
found to waste more rapidly than where the entire space between walls is filled with solid ice. The 
wooden buildings, being the cheaper and more economical, are generally used, and are constructed 
from 100 to 400 feet front, 100 to 200 feet deep, and 35 to 45 feet high, and divided into rooms 50 
by 100 feet, separated by thick partitions, which have an open door from roof to floor, capable of 
b^ closed as the room is filled. The capacity can be calculated from the fact that a cake 10 inches 
thick, measuring 22 by 32 inches, weighs about 250 lbs. The net waste in a room 90 by 60 feet, and 
^ feet high, has been found to be 5 feet on top and 3 feet on the south side, the gross weight of ice 
hi the building being about 3,500 tons. 

Some of the buildings are fitted with ventilators of various patterns and styles; but experience 
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shows that the old cupola form is as good as any. The floor is generally the ground upon which the 
house is built, haring a slope of 6 in^es from the centre, the drainage being flowed to work its way 
under the foundation timbers. 

The net cost of harvesting on the Hudson River is from 10 to 15 cents per ton. G. H. B. 

ICE-MAKING MACHINERY. An economical means of freezing water is a fruitful source of 
profit, for the manufacture of ice serves not only the purpose of enhancing our bodily comfort in 
summer, but also for rapidly cooling large volumes of liquid, as in the operation of brewing and 
other industrial processes, and for the better preservation of animal food in seasons and climates 
which hasten putrefactive changes. The difficulty experienced in freezing water is due to the very 
large amount of heat it must lose, first, in being lowered to the temperature of 32*" F., and secondly, 
in being changed from liquid water at 32° F. to solid ice at the same temperature. The first quan¬ 
tity is called its specific heat, and the seoond is its latent heat. These quantities are greater for 
water than for any other substance; hence the cooling power of ice is greater for any given tempera¬ 
ture than that of any other body, and the cooling power of water is greater than that of any gas or 
liquid. Faraday calculated that the heat absorbed during the conversion of a cube of solid ice 
measuring 3 feet in the length of one side into liquid water without undergoing any rise of tempera¬ 
ture, womd require the combustion of a bushel of coal for its artificial production. It is evident 
from these statements that, in order to cool a quantity of heated air or water down to a moderate 
temperature, a large supply of water is the best medium, not only on account of its cheapness and 
abundance, but because of its great capacity for heat. When any elastic fluid is compressed, it 
becomes hot, and if it then be cooled down to its original temperature and be expanded, it is ren¬ 
dered as many degrees colder by its rarefaction as it was heated by its condensation; hence we have 
here a means of producing low temperatures. On the other hand, we can ignite tinder by the heat 
evolved in the compression of air in a glass cylinder; and by the exhaustion of the air in a bell-jar 
the temperature may be reduced so that the moisture it contains is deposited as a mist. 

By the extremely rapid expansion of a liquefied gas when pressure is removed, or of a volatile 
liquid when its evaporation is hastened by mechanical means, we obtain the most effective cooling 
powers. The familiar experiment of freezing water or mercury in a red-hot dish is effected by the 
enormous expansion of liquefied sulphurous acid or solidified carbonic add, which substances regain 
the heat they lost when undergoing the change of liquefaction or solidification. By similar means 
Messrs. Pictet and Cailletet have succeeded in liquefying and even solidifying the permanent gases. 
To liquefy oxygen, M. Pictet uses a conical shell containing 700 grammes of chlorate of potash. 
This shell answers as a retort, and is placed over a gas-furnace or burner. The gas is compressed 
into a long curved iron tube fitted to the apex of the shell. This tube is placed in a long box on a 
table, and is terminated by a pressure-gauge; the tube is hermetically clos^ during the time the gas 
is being produced; the compression is due, therefore, solely to the effect of the chemical decomposi¬ 
tion. The above tube is surrounded by a larger one oontainipg liquid carbonic add, which, in volatil¬ 
izing under the action of the suction-pumps, produces a cold of —220° F. This liquid carbonic add 
is liquefied in a tube contained in a smaller box placed above the first large one. Two compression- 
pumps take the carbonic acid in a gaseous state from a gasometer, and compress it into the tube con¬ 
tain^ in the small box. This tube forms a reservoir of liquid carbonic acid, and must be made very 
cold. It is enveloped by a larger tube containing liquid sulphurous oxide, which is continually vapor¬ 
ized. The liquid sulphurous oxide is constantly provided from a reservoir or condenser, and the duty 
of two pumps is to exhaust the oxide from around the carbonic add and compress the oxide again 
into a liquid state in the condenser. M. Pictet found that oxygen was liquefied at —202° F. ^—180° 
C.) under a tension of 278 atmospheres, when carbonic acid was employed, and at —220° F. (—140° 
C.) with a tension of 252 atmospheres when nitrous oxide was used. The maximum pressure used 
during the experiment was 525 atmospheres. For hydrogen, a pressure of 652 atmospheres and a 
cold of —220° F. were found necessary to liquefy it. In the above experiments the solidification of 
particles was made apparent by the peculiar sound of the gas as it issued from the tube when the 
valve was opened, the particles striking the floor with a noise like that of fine hail. The electric light 
thrown on the jet showed a bright central core of solid matter. Air has also been liquefied by the 
above process. (See La Nature^ 1877, 1878; Journal of the Franklin IneiU^tie, cx., 187, 190, 819; 
Scientific American^ xxxviii., 147; Scientific American Supplement^ v., 1883; Engineering^ xxv., 824.) 

The performances of ice machines indicate remarkable abstractions of heat in proportion to the 
fuel consumed.^ The theoretical considerations governing the freezing by expanded air are as follows: 
The amount of heat to be taken from a pound of water at 60° to reduce it to ice at 82° is 170 units, 
namely: one pound of water at 60° to ice at 82° involves an abstraction of 28, and between water at 
82° to ice at 82° are (latent) 142 units. One pound of air at 1 atmosphere and at 60° compressed to 
2 atmospheres is heated 116°; multiplying this by .288 specific heat, we have 27.6 units per pound of 
air. Hence to freeze a pound of water from 60° requires (170 -h 27.6 = ) 6.16 lbs. of air, which is 
equal to 81 cubic feet of air at 1 atmosphere and at 60°. Now to compress 1 cubic foot of air to 
2 atmospheres requires 1,680 foot-pounds. Therefore 1,630 x 81 = 182,030 foot-pounds, or total 
required to compress 81 cubic feet to 2 atmospheres. The mechanical equivalent of the unit of 
heat (see Dynamics, and Expansion of Stkah and Gases) is 772 foot-pounds; hence the 170 units 
necessary to be taken from a pound of water in order to freeze it required 170 x 772 foot-pounds 
= 131,240 foot-pounds, which is very nearly the amount we have calculated. The indicated horse¬ 
power being equal to 83,000 foot-pounds per minute, one horse-power therefore would produce 
(33,000 X 60 -I- 132,080 = ) 15 lbs. of ice per hour. If 33 per cent, bo deducted for friction of air- 
pumps, etc., and allowing 5.75 lbs. of coal per indicated horse-power, we have (10 5.75 = ) 1.75 

lb. of ice per pound of coal. 

In ice machines wherein ether, etc., is evaporated, the proportionate yield far exceeds these figures. 
In the Siddeley and Mackay machine, which will be found described farther on, the proportion is 1 
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Ibi of coal to 8 lbs. of ico, this having been detennined bj over 15 months* continuous running. (See 
xxiiif 484.) 

The reason for the more economical operation of the compressed-air machines is readily seen from 
the following 


Tabu of CorrapotuUnff Preuures^ Boilinff-PoinU, and Volumes of WcUeiy Vapor, 


Indies of Ifereurlal 
Oolnmn in 
Prawnre-Qaago. 

CorrespoDding Pres- 
sare in Founds 
per Square loch. 

1 

Corresponding Approxi¬ 
mate Temperature of 
Boiling-Point. 

Tolume of the Vapor 
compared with 
the Water. 

2 

1 

104* 

20,000 

1.5 

0.16 

96* 

80,000 

1.14 

0,61 

86* 

40,000 

0.85 

0.42 

ir 

60,000 

0.64 

0.32 

68* 

60,000 

0.48 

0.24 

69* 

80,000 

0.36 

0.18 

60* 

110,000 

0.26 

0.18 

41* 

160,000 

0.186 

0.093 

82* 

220,000 

0.126 

0.0626 

1 23* 

820,000 


from this it appears that as the pressure and temperature decrease the volume of the vapor 
enonnously increases, so that, at the freezing-point of water under a pressure of nearly one-tenth of 
a pound per square inch, the expansion of the watery vapor is more than 200,000 times the bulk 
of the liquid. Consequently veiy active measures are needed to dispose of this vapor, which other¬ 
wise would accumulate and by its pressure soon end all further evaporation and subsequent cooling. 
Hence the disadvantage of the vacuum-pumps acting alone, and the necessity of removing this vapor 
bj extraneous aid. .^r machines also require large cylinders and air-tight close-fitting pistons, besides 
accurate fitting in the various valves. On the other hand, they have the advantage of requiring no 
aid from chemical agents, of acting directly upon the air and water, and of producing cold air, refrig¬ 
erating fluids, or making ice continuously, as wished, with the aid of fuel alone. Perhaps the air 
madiine is the one best suited for the artificial refrigeration of air apart from ice-making, inasmuch 
as the requisite amount of cold can be regulated with the greatest nicety by means of a valve under 
the control of the attendant. 

Ant Machikxs. —^The principal types are as follows: In the Windhausen, Fig. 2366, A is the com* 
presnon and B the expansion cylinder, both of which are worked simultaneously from the low-pres¬ 
sure engine shown at the lower portion of the figure. Air first enters the cylinder A from a^ve. 



Pt«e8 to the condenser 2), from which in the direction of the arrow it passes to a similar receptacle 
A’ thence down as indicated by dotted lines to another cooler F, Within these chambers are 
*naaged series of pipes through which the blast passes, and which are surrounded by a current of 
water that enters at G (dotted lines. Fig. 2866), passes up through the cooler F, through the 
IHpe AT, through the next cooler, and emerges at I. Tlie effect of this water is to abstract a portion. 
of the beat imparted by compression, reducing the temperature of the air heated by compression to 
t few degrees above thiat of its natural state, the extent of this reduction depending upon the tern- 
penture of the water and the length of time the air is submitted to its action. In this condition 
ttr enters the cylinder Bj where the expansion takes place under gradually diminishing pressure 
^';^lated by automatic valves worked by the expansive force of the air itself. From the cylinder B 
air e8cap>e8 into the space to be refrigerated. The refrigerator used consists of a double-cased 
'^'^•ngular wooden chamber, the space between the casings being filled with loose cotton or other 
>^<"^-0Qnductor of heat. In tUs, through apertures in the cover, metallic cases containing the water 
h) be frozen are inserted; and to insure the air coming in contact with all parts of these cases, zig- 
partitions are placed in the compartments between them. 
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Kirk’s apparatus is adapted for cooling liquids without making ioe. The water which removes the 
heat caused by compression^ and that to be cooled, are injected as a shower through the compressed 
and expanded air of the hot and cold chambers, and are withdrawn by simple valves. When driven 
with compound engines, a surface-condenser is attached, which enables clear water for divers purposes 
to be warmed by the exhaust steam. In Mignot’s machine the water is injected in the form of spray 
into the very midst of the air as it is being compressed in the compressing cylinder. The cold air 
produced, being about 60'’ below the freezing-point, is conveyed through a trough with large cells 
containing the water to be congealed, and escapes at about 4° above the freezing-point. The inject¬ 
ing of the spray diminishes the work to be done in compressing the air. In Gorrie’s apparatus water 
is injected on that side of the compressing-piston at which condensation is taking place. The con- 
den^ air passes through a worm surrounded by cold water to a reservoir, whence it is admitted to 
an auxiliaiy pump driven by the expansion of the compressed air in which it is expanded, cooling a 
non-congealabie fluid in a jacket surrounding the pump-cylinder. This abstracts the heat from the 
water contained in a reservoir in a chamber above the pump, causing its congelation. 

Fig. 2366 represents M. E. Carry’s apparatus for freezing water in caraffes for table use. It con¬ 
sists of a comparatively large air-pump A, but not 
too large for being worked by one man; the lever 
attach^ to the handle is much longer than is rep¬ 
resented here. The horizontal cylinder £ below 
contains sulphuric acid, or some other hygroscopic 
substance (for instance, solid chloride of calcium), 
which will absorb watery vapor. The bottles in 
which the water is frozen are made of heavy glass, 
strong enough not to collapse by atmospheric pres¬ 
sure when the vacuum is made inside. They are at¬ 
tached by an air-tight India-rubber collar or ring to 
a tube connected with the vessel containing the sul¬ 
phuric acid or its equivalent, while another part of 
this vessel is connected by means of a bent tube 
with the bottom of the air-pump. It is seen that 
the vapors arising from the water must first pass 
over the sulphuric acid in the lower horizontal cyl¬ 
inder before arriving at the air-pump, to be ex¬ 
pelled by the latter. The bottles are filled with 
cold water, as seen at the left, and, being attached 
to the machine as shown, and the pump worked 
rapidly and with strokes of the fullest possible 
length, it is found that after the water has boiled 
from the beginning of the operation, after 50 or 60 strokes, or a time of scarcely one minute, about 
one-fourth of it will have evaporated, and the remaining three-fourths will suddenly freeze. 

Ether Machines.— Under this heading may be classed all those machines in which the cold is pro¬ 
duced by the evaporation of a volatile liquid, to effect which there is no direct application of heat. 
They therefore include the apparatus which employs methylic or sulphuric ether, gasoline, chymo- 
gene, and other derivatives of petroleum, methylic oxide, and trimethyline. The tension of ether 
vapor is weak. At 27'’ of cold it is but a trifle above a vacuum, 2 or 8 lbs., and hence the evapora¬ 
tion is carried on tn vacuo by the aid of pumps of large capacity. The obstacles encountered are the 
tendency of the ether to acidify, the danger of conflagration of the inflammable vapor, and the diffi¬ 
culty of preventing entrance of air to the working cylinder. The ether may be re-used if the stuff¬ 
ing-boxes are kept in perfect order. A large numb^ of machines of this class are in use, in many 
of which the difficulties above noted are greatly reduced. One of the best examples is Ifesara. /Stef- 
ddey and Macka^a moc^’ns, where the working fluid is sulphuric ether. This is vaporized in a 
partial vacuum and absorbs beat from brine during its vaporization. The vapor thus produced is 
subsequently compressed and delivered into a condenser, where it is liquefied, to 1^ again subsequently 
vaporized, and so on through a continuous cycle of operations. The power which is used to produce 
the circulation of the ether and the brine through the apparatus is derived from a Galloway boiler 
6 ft 6 in. in diameter by 22 ft. long. The steam is supplied at 65 lbs. pressure to a pair of hori¬ 
zontal compound engines, having respectively a high-pressure cylinder pf 18 in. diameter and a low- 
pressure cylinder of 28 in. diameter, the stroke in both cases being 8 ft. 3 in. The engine air-pump 
is driven off the crank-shaft by means of a small vibrating beam at the end of the high-pressure 
engine bed, and is vertical. The ether vacuum-pumps are horizontal, and worked direct from the 
piston-rods of the steam-cylinders; they are of 84 in. diameter by 8 ft. 3 in. stroke. Two water- 
circulating pumps are provided for the pumping of the brine and the fresh water through the various 
portions of the establishment, and are driven by the same pair of engines, as shown in Fig. 2867. 
A is the high-pressure cylinder, B the low-pressure cylinder, (7 C the two ether-vacuum pumps, D D 
the water-circulating pumps, E the feed-pump for boiler, F the engine air-pump, G the engine con¬ 
denser, h h the governors, and / and k pipes connecting the vacuum-pumps with the ether-condensers. 

In dealing with the cycle of operations of which we have sketched the outline above, we will com¬ 
mence with the liquid ether as it is in contact with the brine-cooling surfaces from which k has to 
absorb heat. The brine-cooling apparatus is a vessel like an ordinary surface-condenser traversed 
by tubes, which are charged with strong brine. The ether which is in contact with the exterior of 
the tubes is here vaporized under a vacuum of about 28| in. of mercury, and at a temperature of 21*, 
the vapor being drawn off by the ether-pump, which then compresses and delivers it to the ether- 
condenser at a pressure of about 8 lbs. per square inch and temperature of 110°. The ether vapor, 



Digitized by ^ooQle 





flovs into the Tacaam-pnmp, not at 21* as it left the brine, but warmed to 45*. The compression it 
ncaweB bj the yacuum-piston as it is driven out of the pump raises the temperature to 110°, as 
ihcadj menthnied. The ether vapor, discharged from the pump at 8 lbs. pressure and 110° tempera¬ 
ture, passes through a surface-condenser formed of small horizontal copper tubes fixed into metal 
tobe-plate chambera at each end, round about which tubes is a constant stream of water, flowing in 
St the bottom and out at the top of the chamber. This water enters at the natural temperature of 
the supply, 62*, and passes off warmed to 74* by heat absorbed from the ether vapor within the tubes. 
Tht warr^ water is pumped up to a tank elevated to the highest part of the building, from whence 
H is allowed to descend in contact with the surrounding atmosphere, by which means it becomes 
cooled ready for re-use. Returning for a while to the ether, which is sent back to the first vessel or 
brine-refrigerator, it most be explained that another important apparatus intervenes between the 
inflowing supply of liquid ether, which is at a pressure of 3 lbs. per square inch, and the refrigerator 
bom which it is to pass under the vacuum of 23 in. to the pump. This is the governor, consisting 
of a small vessel containing an inverted valve attached to a lever and balance-weight, and a ball- 
flost The adjustments of this governor are such that, as the vessel becomes filled with the return- 
iaj supply of ether, the valve b^mes depressed by the weight of the supply, and some portion of 
the fli^ is permitted to pass away to the refrigerator, but only so much as allows the valve again to 
dose, and maintain the relative differences of pressure unimpaired. We must now follow the 
cowrse of the brine, cooled to a temperature of 21*, which has been prepared as we have described, 
■od which, having been thus cooled, is ready for the purpose for which it has been formed, viz., the 
pvednetion of pore and clear ice for commerce. The water to be frozen passes into a series of tanks 
formed of wrought- and cast-iron water-spaces or walls, about 8 in. thick and about 4 ft. deep, 
plioed vertically, and connected at the ends and in the centre of their length in such a manner as to 
form a number of cells about 8 ft 6 in. long, 4 ft. deep, and 12 in. wide, the bottom being some¬ 
what narrower than the top to facilitate the removal of the slab of ice when frozen. There are 
three rows of these tanks, each row being subdivided into six main divisions containing twenty-four 
«lla. When it is desired that the process of freezing shall begin, the cold brine is caused to pass 


Digitized by 


Google 


ICE-MAKING MACHINERY. 136 


however, does not pass direct from the brine-refrigerator into the ether-pump, but is on its way to 
the latter first cans^ to pass through a tubular vessel in which is contained the liquefied ether on 
its retnm ^raey for re-use. The vaporized ether here absorbs some of the heat contained in this 
retaning Uquid ether, and becomes somewhat warmer in consequence, and passing onward it finally 
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first of all through the walls of a tank containing cells of cold water. These cells of water in due 
course become frozen throughout by the continual flow of cold brine at an initial temperature of 21* 
through the 3*in. water-space walls. In regular and constant work, however, the arrangement diffen 
somewhat, for it is desirable that the currents of cooling fluid and of water to be cooled shall circu¬ 
late in opposite directions. Therefore in practice the brine of 21* temperature is passed through a 
tank of ice that is approaching its completion in the process of freezing, and then having been 
warmed by this duty to say 24*, it is passed on to tank No. 2, whence it passes on to tank No. 8 at 
say 28*, and finally out from No. 4 at 88*. The water supplied to No. 4 thus is the first to become 
congealed in regular course, and forms the outer shell of the future block. After a period of say 12 
hours, the flow of brine is changed, and that of a cooler temperature, viz., 24* (to be raised to 28* 
by its duty), is made to flow round this tank in place of that which had been circulating, and again in 
another 12 hours the next change is made, and brine of about 22* (about to be raised to 24*) is 
made to flow round the same tank; and a final flow of fresh brine from the refrigerator at the 
greatest degree of cold finishes off the block and leaves it at that temperature or thereabouts. Thus 
no very sudden changes of temperature are brought to bear upon any portion of the structure, and 
both economy of result and duration of parts are insured. The consumption of fuel keeps at about 
the same rate as at the time of trial, viz., about 20 cwt of coal for the production of 8 tons of ice. 
The daily (^ hours! produce is from 22 to 28 tons. (See Engineering^ xxiii., 699.) 

The Siebe and Wed machine consists of refrigerator, condenser, air-pump, and ice-making box. 
When the air-pump is set in motion, the ether in the cooling vessel evaporates, and of course absorbs 
heat from the tul^s by which the cooling vessel is traversed. The ether vapor thus produced is 
forced by the air-pump into the condenser, where, under the combined influence of the pressure and 
the cooling action of the water circulating through the condenser, it resumes the liquid form and 
returns through a small tube to the refrigerator, where it is again changed to gas. Tlie process is 
continued with the use of the same ether as long as the machine is kept worl^ig. The great cold 
produced in the cooling vessel acts on the fresh water to be frozen in the ice-box by means of a cur¬ 
rent of salt water inti^uced into the tubes which pass through. The temperature of the salt water 
decreases quickly on its way through the refrigerator, on account of the heat being absorbed from 
it by the ether changing into gas, and it then circulates, with a temperature considerably below the 
freezing-point in the ice-box, round a number of iron or copper vessels filled with fresh water to be 
frozen into ice. The salt water, the temperature of which increases again by coming into cdhtact 
with the vessels containing the fresh water, is sent back to the refrigerator, where its temperature is 
again reduced. 

In Johnston and WhUeUnde machine, bisulphide of carbon after being vaporized is, with the air 
forced in by the air-pump, conducted through chambers containing oil, which absorlM the greater 
part of the moisture of the gas, the moisture of the air being taken up by chloride of calcium in a 
pipe leading to the air-pump. In Vender Wegdde machine, naphtha, gasoline, rhigolenc, or chymo- 
gene is evaporated by an air-pump and forced through a freezer in which are vessels containing 
water, surrounded by inclosing vessels filled with glycerine, the outside being surrounded by 
ciTogene. The evaporation of the cryogene causes the freezing of the water. Chymogene, like 
ether, has a very we^ tension at a comparatively high temperature, the point of ebullition being as 
high as 40* F. It requires laige pump capacity and a high vacuum, and it is open to the objection 
of inflammability. The same difficulties attend the use of methyline, the boiling point of which 
varies from 87.4* to 68.6* F., according to the impurities and secondary products mixed with tbe 
material. Most metals are attacked by methyl-ammoniacal products, and iron must be exclusively 

used. The properties of methy- 
lic oxide are analogous to thoae 
of methylic ether; that is, It 

f ives very high pressures at 68* 
'., at least from 8 to 12 atmos¬ 
pheres. 

Holden'B machine is adapted to 
the use of chymogene, p^asoline, 
or other easily volatili^ liquid. 
Its operation will be underwood 
from Fig. 2868. A ib the re- 
fri^rator-cylinder, in which is a 
coiled pipe through which a non- 
congealable liquid « circulates. 
Inside the cylinder which rotates 
is the volatile liquid a, which is 
evaporated from the pipe-surfaco 
by the aid of the pump B, which 
transmits it to the condenser C, 
where it is reliquefied and sent back to the cylinder A, The non-congealable liquid goes to a dis¬ 
tributing pan D, through which it falls in fine jet.s, and is traversed by an air-blast I, which is thus 
cooled. The circulation of the air, cold liquid, and volatile liquid currents will readily be understood 
from the figure 

The Pictet principle of the system of refrigerating machinery devised by M. Raoul 

Pictet is the volatilization of anhydrous sulphurous oxide, a colorless liquid, having a specific gravity 
of 1.6, and remaining fluid under a pressure of from 2 to 8 atmospheres. \Vlien allowed to escape in 
air it vaporizes rapidly, producing a decrease of temperature of 186° F,; and if a teaspoonful of Uie 
liquid be poured into a wine-glass of boiling water, the latter instantly freezes solid. The point of 
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ebollitioii of the oxide is 14° F., under the atmospheric pressure. The whole apparatus is extremely 
ample, ts is indicated by the annexed diagram of a small machine, Fig. 2869. The refrigerator D 
consists of a tabular copper cylinder pla(^ horizontally in a tank through which an uncongealable 
hqaid (solution of glycerine, chloride of magnesium, or various salts) is circulated by means of a 


9m. 



onall propeller-wheel. The moulds or cans for making the ice, may either be placed in the 
refrigerator-tank, or in a separate tank specially prepared. The sulphurous oxide is volatilized in the 
refrigerator 2) by a pump -4, which sucks the oxide from the refrigerator through the tube B (pro- 
dudiig intense cold, which is communicated to the surrounding liquid), and then forces the vapor 
thro^ the tube C into the condenser. The condenser is a tubular copper cylinder similar to the 
refrigwtor; a current of cold water is kept constantly flowing through its tubes, which abstracts 
the heat from the vapor and brings it back to a liquid form. A tube returns the liquid sulphurous 
oxide to the refrigerator to be revolatilized, while a stop-cock F regulates the supply. The pump A 
used is double-acting, and of iron. The piston is of metal, without packing. Its action is very easy 
owing to the lubricating nature of the oxide. The pump may be driven either direct by an engine 
or by a belt from shafting. 

large plants for making ice are in principle the same as the small one described above, but with 
ORtain alterations of the apparatus on account of the size. The refrigerator, a plain copper tubular 
b(^, is immersed horizontally in a tank, and is charged with 1,Y60 lbs. of anhydrous sulphurous 
0 ^ once for alL (The oxide comes in copper bottles containing about 200 lbs. each.) Through 
this tank a mixture of glycerine and water is made to circulate by means of a rotary pump. The 
Bolvtkm of diloride of magnesium gives equally as good results as glycerine and water, is less expen¬ 
se, and as it barely freezes at —25° F. (57° below the freezing of water), an intense cold may be 
obtained for special purposes. The moulds or cans of galvanized iron, containing the water to be 
congealed, are placed in a large tank communicating with the small tank holding the refrigerator. 
The sulphurous oxide is vaporized in the refrigerator, and the vapors generated are aspirated by a 
^ble-acting aspiration and compression pump. This pump is a plain cast-iron cylinder, fitted with 
inlet and outlet waives, and jacketed with a circulation of water. The piston is hollow, and the pis- 
ton-rod, which is also hollow, is cooled by a circulation of water. The cold produced by the volatiliz¬ 
ing of the oxide in the refrigerant is transmitted to the liquid surrounding and passing through the 
tabes of the latter. This liquid flows by its own weight into the large tank, communicating its cold 
to the water in the cans, which freezes to ice. 

The oxide vapors, entering the pump from the refrigerator at a vacuum of about half a pound to 
2 lbs., ire compress^ to about one-fifth of their original volume, the temperature rising to nearly 200°. 
The pressure at which the oxide is compressed is usually, in New York, 2^ atmospheres (35 lbs.), and 
ia the hottest climates does not exceed 4| atmospheres (68 lbs.). The oxide is returned under pres- 
•we to the condenser, placed in an upright iron tank to the rear of the compression-pump. The cold 

freely circulating through this tank cools the oxide and carries away the heat. The liquid 
oxide returns to the refrigerator by two long narrow pipes, the admission liing regulated by stop- 
»cb, and is vaporized anew. The operation is thus perfectly continuous. Under the low pressure 
eoployed no difficulty as to leaks occurs, it being easy to keep all the joints tight. No air can enter 
the oxide-pump, the pressure of the oxide as it enters being nearly that of the atmosphere or a trifle 
below it The loss of oxide does not exceed half a pound per week. The solution in the tank very 
niriy needs renewal or additional material, and is always cheap. 

Mr. L. F. Beckwith, engineer of the Pictet Ice Company, furnishes the following data as to the 
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theoretical and practical considerations governing the working of the machine: ** The heat absorbed 
by the water passing through the condenser, and carried off by this water, is equal to the latent heat 
abandoned by the sulphurous oxide in passing from a gaseous to a liquid state, added to the heat 
given to the sulphurous oxide by the work of compression of the pump. The latent heat absorbed by 
the oxide from the freezing mixture has been obtained by the latter from the water in the cans dur¬ 
ing the volatilizing of the oxide in the refrigerant. The heat dven to the oxide by compression is the 
equivalent of the work produced by the steam-engine, less that absorbed by friction and the run¬ 
ning of the other parts of the machinery. As an example, if the engine indicates 76 lbs., we have, 
deducting power required to run air-pump, condenser, fe^-pump, circulating-pump, hoisting-gear, 


friction, etc. (26 per cent). 


83000 X 60 min. x 67 lbs. 
772 


= 146,194 units of heat per hour, equivalent 


to the work produced by the engine in compressing the oxide. Now, to produce ice from water put 
into the cans at 78° F., it is necessary to withdraw from each pound (46 +142=) 188 units of heat; 
and if 1,500 lbs. are made per hour, the amount withdrawn is (1,600 x 188 =) 282,000 units of heat. 
The water of condensation passing through the tubes of the oxide-condensers is increased in temp)er- 
ature from 6° to 7° F.; about 1,100 lbs. of water passes through per minute; therefore, with an 
average of 6^° F., (1,100 x 6^ x 60 min. = ) 429,000 units of heat are carried off per hour. This 
amount approximates closely to the sum of the heat produced by the work of compression of the 
engine and the latent heat given up by the oxide in liquefying, and which it had taken from the water 
through the medium of the cooling mixture of glycerine and water, viz.: 146,194 + 282,000 = 428,194 
units of heat. The amount of coal used per pound per hour is 2.6 lbs. We have then, for coal used 
in work of compression of oxide and production of ice, 67 x 2.6, or 148 lbs. for 1,500 lbs. of ice, or 
208 lbs. for 2,000 lbs. of ice; the coal at $4 per ton amounts to 41^ cents. Commercially, 76 lbs. 
being used for running all the machinery, we have 2.6 lbs. x 76 lbs. = 204 lbs. for 1,600 lbs. of ice, 
or 272 lbs. for 2,000 lbs. of ice; the coal at $4 per ton amounts to 64 cents.” 

AmiONiA Machines differ entirely from those previously described, in which ether, etc., is used, in 
that no pumps are used or other direct application of power is made to restore the gaseous mate¬ 
rial to a liquid form by production of pressure. Either a saturated solution of ammonia or the lique¬ 
fied ammonia is used. The first are necessarily worked under a high pressure. In hot climates, with 
the thermometer at 96°, the pressure reaches 800 lbs. per square inch, and it is never less than 
from 180 to 226 lbs. In liquefied ammonia machines the pressure is from 186 to 180 lbs. ThediflS- 
culties are chiefly the frequent and heavy leaks, the corrosive action of the ammonia on metals, the 
impossibility of using grease as a lubricant, and the deposits which form in the boilers. 

Vaaa and Zittmann^s machine is represented in Fig. 2370. This consists of the boiler Al, condenser 
i?, gas-holder C, ice-box D, absorption-cylinder temperature-exchanger Fy cooler (?, and pump H, 



The boiler A is first half filled with solution of ammonia, which is caused to evaporate by the applica¬ 
tion of heat, and the gas thus formed is forced through the pipe I into the worm-pipe of the conden¬ 
ser By and thence through the pipe 2 Into the gas-holder C. From the gas-holder the gas is conducted 
by the pipe 3 to the valve on the top of the ice-box D, which Is in connection with the worm-pipe In¬ 
side the ice-box. The gas on its passage through the worm-pipes of the condenser (which are always 
surrounded by cold water) is condensed, and the liquid passes through the valve to the worm-pipes in 
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the ioe-boz, where it again begins to evaporate, taking up at the same time heat from the solution of 
chloride of calcium, in which the worm>pipes in the ice-box are submerged. This absorption of heat 
so lowers the temperature of the solution of chloride of calcium as to render it capable of turning the 
fresh water contained in the ioe-cases to ice. The ammonia which has been yolatilized in the pipes of 
the ioe-box passes through the pipes 4 to the absorption-cylinder and at the same time the weak 
sotatioa of ammonia, which has lost the gas by heat, passesTout of the boiler by the pipe 6 into the 
exchanger through the cooler &, into the absorption-cylinder where it absorbs the gas which 
comes from the ioe-box; and from these it is pump^ back by the pump 7 into the boiler to be again 
heated. A machine of this kind for making 200 lbs. of ice per hour is stated to require a 2-hor8e- 
power engine to drive it. 

TkA AtloM maMfUj Fig. 2871, has a still lime-drier condenser and tank C, and refrigerating 
tank D. The still incloses a coil of pipe, which is covered by the liquid ammonia. The gas arising 
passes through the lime-drier, which is simply a cast-iron cylinder containing unslacked lime, and 



dtenoe goes to the pumps whence it passes to the condenser contained in the tank C, where it is 
liquefied by pressure. Tlie ammonia stored in the condenser is conveyed through a pipe to a distribut¬ 
ing manifolt^ inclosed in the refrigerating tank D, 
in Reec^t machine^ a generating vessel is charged with a solution of ammonia, and a fire is lighted 
Bnder the boOer, which expels all the air. A strong solution of ammonia is then pumped to the top 
of an inalyziDg cinder above, and as the solution descends the different plates there it is in a great 
meamre separated from the water by the steam. The ammonia next goes to a rectifier, where it is 
eoolsd by a stream of cold water, and rendered perfectly free from watery vapor. It then passes to 
i hqnefactor, where it is liquefied by the mere pressure of the gas itself; it next proceeds to a cooling- 
Cflinder, and then to a second cylinder, where it resumes the gaseous state, cooling the liquid inclos^ 
b die ooQ. The now exhausted ammonia passes to an absorbing vessel, where it meets with the 
sshaosted liquor from the generator and is dissolved. The solution is now pumped through a hori- 
anital heater, where it meets with the liquor proceeding from the boiler into the top of the analyzing- 
cylinder, whm the same series of operations is repeat^. 

M. Ferdinand Carre's ammonia machine is represented in Fig. 2372. .A is a boiler, which contains 
>B aqueous solution of ammonia. This boiler is heated by steam led by the tube C into the coil j 9, 
the water of condensation of which escapes in the condenser D. The solution being heated by the 
■team, the gas passes by the tube K into the liquefier L L. This consists of a tank containing coils, 
VQond whi^ drculates a continuous current of cold water, which descends from the reservoir Z by 
the tube A The liquefied ammonia passes through a tube which is itself contained in the sleeve P, 
ead^ goes to the cooler M. In this receptacle the ammonia liquid, which is contained in a coil P, is 
^ua gasefied. The water to be frozen is placed in long cylinders P, which are plunged in a non- 
^■aiSeaiable liquid, a solution of chloride of calcium. The cylinders with their frozen contents are 
tODOTcd about every fifteen minutes. The ammoniacal gas, disengaged from the liquid as it passes 
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through the cooler-coil, passes through the tube 8 to the absorption-chamber T, following the tube e. 
In this chamber is a coil surrounded by cold water, and in the coil the gas resumes a liquid condition. 
The liquid is then pumped back into the boiler A. 

From experiments made by Dr. R. Schmidt of Berlin in 1870, on both the Carr6 ammonia and the 
Windhausen compressed-air machines, the following results were obtained: Experiments were made 
during 160 days, 12 hours being estimated to the day; and for each horse-power 96 lbs. of coal were 
taken. There were also consumed 110 lbs. of sal-ammoniac and 110 lbs. of chloride of calcium. The 
results were, that a Carr4 machine produced hourly 400 lbs. of ice at 1^ cent per pound; the running 



expenses of the Windhausen machine were one-third higher, and the cost of the ice nearly 2 cents a 
peund. 

From tests made as to the economy of producing cold dry air by artificial refrigeration, instead of 
the damp air obtained by melting ice, in which a Carr4 apparatus capable of pr^ucing 6 lbs. of ice 
per minute was used, the following result among others was reached: It was found that 300 lbs. of 
natural ice were required to reduce the temperature of a room from SO'* to 46® F. in 2 hours and 20 
minutes, which effect was obtained by Carr6^s apparatus in 7 minutes with the same quantity of cold 
required to form 36 lbs. of ice; thereby showing that 8 times as much ice was consumed to produce 
the same quantity of cold air as was supplied by the apparatus. 
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MicHiins BASiD ON THE UsB OF FREEZING MIXTURES. —^Freezing mixtures are oombinationa of 
dMmicalfl which in dissolving in water absorb large quantities of heat, and so cause notable diminu- 
tkms of temperature. The following are well-known mixtures: 1. Salt 1 part, cracked ice 1 part; 
temperature obtained, from 60° to 10.4° F. 2. Water 10 parts, muriate of ammonia 6 parts, salt¬ 
petre 7 parts; temperature obtained, from 50° to 3.4° F. 3. Water 1 part, muriate of ammonia 1 
part; temperature obtained, from 60° to 14° F. 4. Sulphate of soda 8 parts, hydrochloric add 6 
parts; temperature obtained, from 64.4° to 1.4° F. The use of adds is always disagreeable and 
dangerous, and hence it is preferable to employ nitrate or hydroohlorato of ammonia. 


Proportions of various Chemicals to be added to four parts of Water to produce Temperatures noted. 

Lowering of 
Temperature, in De¬ 
grees Centigrade. 


Lowering of 
Temperature, in De¬ 
grees Centigrade. 

4 parts nitrate of ammonia..20° 1 

Ipart “ “ . 14.1 1 

5 parts nitrate of ammonia and 6 of saltpetre, 22.0 1 

1 part nitrate of ammonia. 16.2 1 

1 ** sulphate of potash. 2.9 1 


part chloride of potassium.11.8 

** sulphate of soda.. 8.0 

** chloride of sodium. 2.1 

** nitrate of soda. 9.4 

** acetate of soda. 10.6 


If, instead of water at normal temperature, ioe or snow is employed, still further abstraction of 
beat is secured. The greatest attainable lowering of temperature by the aid of a saline mixture is 
the degree at whidi ttie solution itself congeals This is shown in the following table, the chemi¬ 
cals n^ being mixed with 100 parts of snow: 


Temperature 
obtained, in De¬ 
grees Centigrade. 


10 parts sulphate of potash. — 1.9° 

20 ** car&mate of soda. *— 2.0 

13 “ nitrate of potash. — 3.85 

30 “ chloride of potassium.. —10,9 


Temperature 
obtained, in De¬ 
grees Centigrade. 


26 parts hydrochlorate of ammonia. —16.4 

46 ** nitrate of ammonia.. —16.76 

60 “ nitrate of soda.. —17.75 

33 ** chloride of sodium. —21.3 


Solphuric acid dilated with water and mixed with ice gives very intense cold. Mingled with 25 
per cent of its weight of water and 33 per cent, of its weight of ioe or snow, it produces a refrigera¬ 
tion of —32° C., and with equal parts of acid and snow of —44° C. 

A simple device for producing ice in small quantities by means of freezing-powders has been in¬ 
vented by M. Toselli of Paris, and is illustrated in Figs. 2373,2374, and 2376. It consists of a qrlin- 


2873 


2874. 



drical case Ay Fig. 2378, suspended on trunnions in a frame, and capable of rotation by the crank- 
kaadle shown. The cylinder is open at both its extremities, to which however covers are fitted. By 
lig. 2374, is a neat of cylinders, seven in number, and secured between heads; no two of these yes- 
•eh are of the same size, the diameters decreasing from the largest down, in regular proportion. 
This assemblage of cylinders fits into the case Ay and in said vessels is placed the water to be con¬ 
gealed. As the object is ultimately to produce a uniform lining of ice in each cylinder, it follows 
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that the quantity of water introduced in each must be measured with accuracy. This is easily done 
by the tray in which there is a ledge, upon which the nest B rests, and is maintained at such an 
angle that only a certain amount of water can be poured out of the cylinders, which amount is ob¬ 
viously directly proportional to the diameter of each tube, and, all being parallel, to the angle of 
inclination. The compartments are next inserted in the case and the cover replaced and secured. 
The case is then reversed and the other cover taken off, so that a mixture of equal weights of nitrate 
of ammonia and water can be poured in, so as to fill the interstices of the tubes; this done, the oover 
is put back and fastened, and the apparatus rotated for five minutes by the crank. This period 
suffices to produce a moderately thick film of ice around the interior of ea^ cylinder, and these films 
can be easily taken out; it remains only to fit one cylinder of ice into the other, and so to continue 
until all are fitted together, as shown in Fig. 2375} to produce a solid block of ice weighing 11 lbs. 

The same inventor has also contrived a dynamic refrigerator, which consists of a revolving disk, 
formed of a metallic tube bent into a complete spiral, having one end open and the other end com¬ 
municating by a hollow shaft with an external tube communicating with a worm contained in a aep- 
arate vessel, and terminating in a discharge-pipe, with outlet into another vessel containing the 
revolving disk, to which a slow movement of revolution is imparted by a driving-pulley and belt, 
making say one turn per second. The disk is half immersed in cold water, and as the exterior sur¬ 
face of the disk above water is continually wet, it exposes considerable evaporating surface. At the 
same time a continuous stream of water is forc^ through the hollow spiral, parting with some of its 
heat under the influence of the external evaporation and radiation, which is intensified by the addi¬ 
tion of a ventilator. The current, being thus lowered in temperature, refrigerates in its turn the 
liquid to be cooled in the vessel The lowering of temperature thus obtained varies according to the 
hygromctric condition of the atmosphere; the minimum effect obtained, under the most favorable 
circumstances, amounts only to a difference of 5** to 6** F., while the maximum difference obtained 
in sunlight is between 82° and 33° F. 

ICE-YACHT. The construction of this form of vessel, which is designed for traveling upon the 
frozen surface of rivers, etc., is fully detailed below. The rigging is similar to that of ordinary sail¬ 
ing sloops. The notable feature of the ice-yacht’s performance is its great speed, which often ex¬ 



ceeds 66 miles an hour, outstripping (paradoxical as it may seem) the wind which impels it, except 
when the breeze is directly astern. 

The following description refers to the Whiff, which was exhibited at the Centennial Exposition 
by her owner, Mr. Irving Grinnell: 

The Whiff, of which full detailed drawings are given in Figs. 2376 to 2879, is, as will be seen, 
sloop-rigged. The hull, if it may be so call^, is composed of the keel or centre timber and two 
curved side timbers, joined at the mast by two curved timbers bolted on to them, and at the stem 
by a semicircular continuation. The mast rises from the keel and the mast-bench, the chief timber 
of the latter being the runncr-plank, at the ends of which two runners are bolt^. This runner- 
plank is bolted to the under side of the side bars, and runs under the keel. The hull proper of the 
boat commences at the mast-bench, extending over less than half its width, and runs back in the form 
of an ordinary boat to the rudder end. The keel extends from here to a little way beyond the mast, 
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where the bowsprit is strapped on to it, and extending out forms the only hull timber in front of the 
mast The deck occupies ^e hinder part and less than half of the hull. The rudder consists of 
a mowable skate or runner, worked as in an ordinary wessel. The mast and bowsprit are very rigidly 
stayed by wire-rope shrouds. From the general design down to every detail, the object has been 
to ^ve great strength and rigidity with the least possible amount of timbering necessary to secure 
this end. 

The general dimenuons of the Whiff are as follows: Total length, from the tip of her bowsprit 
to the end of the main boom, 40 ft. Total height, from masthead to the plane of the runner edges, 
25 It 3 in. From end of bowsprit to ex¬ 
tremity of deck, 81 ft 4 in. The mast rises 
21 ft 4 in. from the deck level, and has a 
topmast which extends S ft 8 in. farther 
op; it is 4 in. in diameter at the bottom, 
and 8 in. at the top. The bowsprit is 15 
ft in length, 3 in. deep at the ends, curv- 
log to 6 in. where it is strapped by an iron 
on to the keeL It is additionally se¬ 
cured to the keel by a bolt running through 
both. The jibsprit is 13 ft long, 2 in. at 
ends, rising to 2^ in. in diameter at the cen¬ 
tre. The main boom is 24 ft in length, is 
fastened to the mast by an eye and staple, 
and is 2^ in. at the ends, rising to 4^. The 
gaff is 9 ft. long, 2 in. in diameter, and is 
jawed on to the roast Runner-plank, 16 
ft long, 1 ft wide. Runners, 4 ft. 10 in. 
long. Rudder-skate, 2 ft 6 in. The deck 
is of narrow, closely jointed, alternate slips 
of cedar and spruce, laid across the boat, 
and 5^ in. below the top of the side 
bars. The mainsail has a hoist of 13 ft 
8 in.; foot, 23 ft; head, 8 ft 4 in.; and 
leach, 24 ft 3 in. The jib has a hoist of 
14 ft 8 in.; foot, 12 ft. 7 in.; and leach, 

19 ft 10 in. The total sail area is 347 sq. 
ft The Bails are made of heavier canvas 
than that usually used for a sea-going yacht 
of the same size, and each strip is double- 
laghted to give ^e sail the necessary stiff¬ 
ness. The mast, bowsprit, jibsprit, keel, 
ride bars, and runner-plank are of white 
pine. The boom and gaff are of spruce. 

The curved timbers which brace the side 
bars are of ash. The handrail is of wal¬ 
nut, and the side bars are cased with the 
same wood, being also ornamented with a 
gilt beading. 

The shoes of the runners are cast, and 
are bolted on to the skates, which are of 
white oak, by means of four screw-bolts 
each. This runner, 4 ft. 10 in. long, as be- 
f(He mentioned, and 7 in. high, is bolted 
between two horizontal oaken bars, 1 ft. 7 
in. long, 4| ft. deep, and 2^ in. wide, which, 
in thar tom, are bolted to the runner-plank, 
tire whole being braced to the runner-plank 
by two side pieces. The bowsprit is strapped 
and bolted on to the keel as shown in ele¬ 
vation and section in Fig. 2378. The iron 
strap is 2 in. wide and half an inch thick. 

The pbsprit is fastened to the bowsprit by 
means of an eye and staple. The shrouds 
are kept taut by means of tum-buckles, like 
tl^ shown in fig. 2378, which connect them 
with their staples. The shrouds are of the best galvanized charcoal iron, seven-sixteenths of an inch 
in diameter. A black-walnut handrail runs on the keel from the mast to the tiller. As the rudder 
•od post are most important parts of the yacht’s build, we have given the full details in Fig. 2379. 
TIk shoe is bolted on to the oaken rudder-skate, 2 ft. 5 in. long, by three screw-bolts, the latter 
bring pinned on to the rudder-post. A rubber spring on the rudder-post is set between the shoulder 
aod t^ cast-iron bottom plate let into the deck. A brass top plate is let into the keel, the tiller 
bring fastened to the rudder-post by a screw-nut. The rudder-post is 1 ft. 3^ in. long. The tiller, 
•hose handle is bound around with small rope, is 2 ft. 6 in. in length. 

The rodder-sboes, as well as those of the two runners, are of cast iron. Steel has been tried, but 
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was found to be too hard. M the ice bp smooth^ and free from enow^ etc., the greater speed is 
obtained with sharp skatesthey are filed * so sharp that they cause a hand-nail to fluff when it is 
drawn over them. On the contrary, when there is snow-ice, ice with* a rough surface or partially 
covered with snow, or when the weather is moderate and disposed to thaw, the yacht sails much 
faster with slightly^ dulled shoes. The shoes, sharpened up with a file, can, when desired, be quickly 
roughened with emery-paper. If the edges need sharpening, a fine file or an oil-stone will accom¬ 
plish in a short time the desired result. Steel shoes would not allow of these sudden transitions, 
while those of cast-iron (}o. All the iron work on the Whiff is nickeUplated, and a high degree of 
fimsh is observable on every part of the vessel. 

'When sailing, a sail-shelter from the wind is erected at the fore part of the deck, if desired. 

The Whiff is ornamented with a very artistic figurehead, representing a griffin. Being built of 
the best possible material, and elaborately, gotten up, this ice-yacht cost her owner 1700; but a boat 
equapj good, writhout the same degree of ^sh, can be built for from |850 to $400. (See ^eierdifie 
American Supj^ement^ No. 63.) 

IMPACT. See Dynamics. 

IMPETUS. See Dynamics. 

INCLINEt) PLANE. For discussion of the inclined plane as one of the mechanical powers, see 
Srincs. 

Inclined Planee on RaUways. —Tlie heights, lengths, and other particulars of the Gordon and Ma- 
hisoy inclined planes on the Philadelphia and Reading Railway are as follows: 


JHmennorUf cfo., of Inclined Planee on Philadelphia and Reading Railway, 
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The planes are described as follows in the Engineer^ Feb. 2, 1877: 

“The track down the Gordon planes is double, a train of loaded cars ascending bn one track and the 
emptj cars descending on the other, and alternating each trip. Lying between each pair of ordinaiy 
nils of 4 ft. in. gauge are others of 3 ft. 4 in. gauge, extending from a few feet at the head of 
each plane respectively down the incline, and each terminating in a small tunnel between and below’ 
the oidinary rails—to receive the * safety-trucks ’ running on these internal rails—some few feet ' 
beyond the foot of the plane. The internal pairs of rails are spiked to the same sleepers as the ordi- 
oiiy ones, till just as they reach the tunnels mentioned, when they descend by a rapid incline, and lie 
cot of sight, allowing the cars to pass clear over them. The safety-trudks, or * Barneys,* as the work- 
BMa term them, are strongly built of timber, and mounted on four wheels 26 in. in diameter; the 



front end forms a spring buffer by means of India-rubber, or, as they term them here, .‘gum* springs. 
The oonstrociion wvill be readily understood from Fig. 2380, which is a sectional view. The. one end 
of iMifi fope passes down under the front of truck, to keep it low to miss the axles and under-gear 
of the cars, and. is coiled over a small drum on the truck and firmly secured; the rope then extends 
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up the track, passing round the two main drums in a manner to be presently described, and is then, 
by means of a large horizontal abeave, diverted and. thrown into the centre of the other track and 
secured in the same manner to the other safety-trucks. The length of this rope is so adjusted that 
the one safety-truck is standing at the head of the plane while the other is out of sight in its tunnel 
at the foot. The rear ends of these trucks are connected together by a tail rope, also passing round 
a diverting sheave to spread the rope to the centre of tracks—thus forming, as H were, an endless 
rope with the two truclu in its centre, but with the ropes of different size. The main one is 2^ in. 
diameter iron-wire rope, with independent iron-wire-rope centre, and the tail rope is in. diameter, 
of similar make; its purpose is to keep the main rope tight and the trucks equidistant, and prevent 
its jerking and lashing the roadway, and it also insures the steady ascent and descent of the wagons. 
An equal tension is obtained, and the variations in length acooiding to temperature allowed for, by 
the ari*angement of the movable horizontal rendering sheave around whch the tail rope passes at the 
base of the plane. This sheave is of cast iron, 8 ft. diameter, and is fixed belUw the roadway; and 
on the same level, and a little in the rear of and between thd two tunnels, for the reception of the 
safety-trucks. It is fixed in a frame with small wheels running on a pair of rails, allowing it a few 
feet play either backward or forward; to the hack of this carriage carrying the sheave is attached a 
chain led away horizontally by a system of pulleys to the side of the line; then passing up to the 
top of a wooden gallows, it is fastened to a suitably weighted box sliding vertically up and down 
between guides as the carriage moves on its rails, the weight of the box of course being adjusted to 
keep the rope at the right degree of tension. There are also two smaller sheaves or pulleys fixed, 
one in the rear of each tunnel, spreading the tail rope out as it leaves the larger sheave to the cefitres 
of the tracks. The small pulleys for carrying the rope are made of wood, and fixed at intervals of 
15 ft. apart centre to centre; they only last about a week each. The life of a main rope is based 
on its tonimge capacity, and it is limited to the raising of 2,000,000 tons; after having performed 
that amount of duty it is removed and a new rope* substituted. This maximum was adopted from ex¬ 
perience, and has worked very well. It is also daily subjected to a rigid examination, and should a 
fibre of one of the wire strands be found to have given way, the rope is cut to aseCHain the state of 
the interior, it being often found worn inside from the abrasion of the wires on each other when 
presenting a sound exterior. The engine and boiler houses are situated at the head of their respec¬ 
tive planes. There are 15 boilers to each pair of engines, ft. diameter and 26 ft. long, plain 
cylindrical type, and set in the ordinary way with a flash flue, and carry a pressure of 75 lbs. per 
square inch- This kind of boiler, seldom exceeding 8 ft. in diameter, is generally used throughout 
ihe whole of the mining district. 

**The machinery is situated beneath the roadway, and consists of a pair of engines with SO-inch 
cylinders, 6 ft. stroke, with link motion, and coupled on the edge of shaft, on which is fixed one of 
the two main drums, which are geared together; the one farthest from the engine is fixed a little 
lower than, its fellow to allow the rope to clear it; this and the general arrangement will be under¬ 
stood by reference to the drawings. Both drums are the same size, viz., 12 ft. 5| in. diameter; the 
teeth are 4| in. pitch and 10^ in. on face, as will be seen by the section of rim of these drums. The 
centre of the teeth is 2 in. to one side of the centre of wheel, while the centre of the oak blocks 
grooved for the*rope is 8 in. frero its centre on the opposite side. These wood blocks are inserted 
endways of the grain to bite better. The. section of rim shows the shape to which they are cut, 
corresponding to the recess on the side of wheel, and to the shrouding which is firmly bolted up 
against them. The drums are cast in segments and bolted together; the main rope passes three- 
quarters round each of them, describing a form somewhat resembling a figure 8, and the one end 
leads down to the centre of the right-hand track, being in a line with it, and the other passes roqnd 
a fixed horizontal rendering sfieave of 11 ft. diameter, that being the distance from centre to centre 
of the tracks, which brings it in centre of left-hand track, the ends being attached as before men¬ 
tioned to the respective safety-trucks. The working is as follows: The loaded wagous to be raised, 
usually six or seven, are pushed up to the foot of the incline and just in advance of the tunnel in 
which the safety-truck is lying out of sight; the empty wagons to descend are run up against the 
other safety-truck standing at the head of the incline, the engine is started, the empties begin 
the descent, and the safety-truck emerges from the tunnel and pushes the loaded wagons to the top 
of grade, where they are shunted oyt of the way, and the empties run against it ready for descent, 
while the full ones are also being pushed up to position, at the foot of grade, the empty ones there 
having been removed to a siding. 

**Tbe heaviest load raised in one trip is 95 tons, including cars and contend, but, of course. It is 
•partly balanced generally by descending empties. The number raised from the valley to the top of 
Broad Mountain, over the two Gordon planes, is about 90 per hour. In one month in 1876 49,000 
loaded cars were raised. There are extensive sidings for the accommodation of a large number of 
loaded and empty wagons at the head of the plane and in the valley. For shifting the wagons and 
forming the trains pushing engines are used.” 

Fig. 2861 represents an elevation of the winding engine, and Fig. 2382 shows the inclination of 
the plane. 

“ From the altitude, length, and other partibulars of the Mahanoy plane given in the table, it will 
be seen that it is much shorter, but also steeper, part of it rising 1 in 4, than those previously 
described. About 125 .loaded cars per hour are raised from valley to top "of Broad Mountaip, over¬ 
coming an elevation of 853 ft. in about 2,400; the number of cars per trip is fower, the maxironro 
weight of train, including cars, being about 60 tons—^this made up by the greater rapi^ty with which 
the plane is worked, the speed being at the rate of nearly 20 miles per hour. The general arrange¬ 
ment of rails, safety-trucks, etc., is similar to those of the Gordon. The main rope is of steel, but 
of the same size and style of construction and tonnage capacity as at Gordon. The engines are more 
powerful; diameteV of cylinder 32 in., with 7 ft. stroke. The two maiu drums are 14 ft. diameter. 
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and hare oak blocks grooved for the rope on each side with the teeth in centre, ofi per drawing of 
Mction of rim, Fig. 2383, the rope passing twice round each drum instead of once as at the Gordon. 
This is render^ necessary to prevent slip at the high speed at i^hich they are run. Fig. 2383 cleatrly 
illustrates this arrangement. At 1 is the back rendering sheave; 2, main drums; 3, sheaves to change 
alignment of rope at drums: 4, sheaves at top. Fig. 2384 is a section of main drum at*.^. 



“The fixed rendering drum in rear of engine-house is 14 ft. 6 4n. diameter, and the movable one 
for the tail rope at foot of plane 10 ft. 3 in. diameter. As an example of the work this machinery is 
tapable of doing, duri^ the busy season of 1876 it raised from the valley to the summit an average 
of 15,000 tons, including weight of cars, for each working day.” • 

Indiued Planer on CanaU ,—On the Morris and Essex Canal the construction of the inclined plane 



is commonly as follows: A track of heavy rails is laid on the plane, which has a grade of about 15% 
tnd on this the cradle containing the boat ascends at the rate of five or six miles an hour. At the 
iammit is the motor^ consisting of a water-wheel driven by the water on the upper level. The wheel 
in connected to a shaft carrying a drum on which is wound a wire rope about 2 inches in diameter, 
which contains the boat, and which forms a car for its conveyance. This oar is a heavy frame run- 



sing on flanged wheels, and descends a sufficient distance into the water to enable a boat to float .into 
it, where being secured the car and boat ascend or descend the inclined plane together. Erom the 
forward end of the car the wire rope passes over anti-friction rollers, between the rails of the track, 
to and around a large submerged wheel some 100 feet distant from the summit; thence over the 
drum and other friction rollers by the side of the track to another submerged whwl at the foot of 
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the plane, around which it passes, and is attached to the rear end of the car. The boat is made in 
sections, to enable it to accommodate itself to the inequalities of the track when passing over the 
summit. 

Arriving at a plane, the boat is drawn into the car in the order of its arrival, the (earn is unhitched, 
the boat secured in the car by hawsers, and its two .sections disconnected. The engine is then started. 
After passing the summit the brakes are put on, and the (Ar descends into the water, where the boat 
floats out of it, and the tow-rope is again attached. In one place the above-named canal has lufall 
of 200 feet, 80 of which are overcome by a single plane 800 feet in length, and the remainder bj 
means of locks. 

INCRUSTATION. See Boilibs, Steam. 

INCUBATOR. See Agricultural Machinery. 

INDIA-RUBBER, or CAOUTCHOUC. The inspissated milhy juice of a number of trees and 
plants found* in Mexico and Central Africa, in Brazil, Guiana, and Peru, and in the East Indies. 
The Jatroplia claMica (Linn.) of Brazil, which flourishes abundantly, and the Central American trees, 
.furnish the greatest quantities of rubber to ‘commerce.. The terms by which the material is known 
in manufacture are Park, Madagascar, Guayaquil, Borneo, West India, Assam, etc., after the places 
where it is grown. The mode of obtaining rubber is as follows: 

The trunk of the tree is pierced, and the sap (which contains about 40 phr cent, of India-rubber) 
is allowed to run off into a vessel, but more frequently into a hole dug at the foot of the tree. Balls 
of dried clay made in the shape of pears are plunged into the liquid, and afterward passed over .a 
Are made of the branches of trees. In order that the layer of India-rubber which has -been deposit^ 
on the clay may be made to coagulate rapidly. This operation is repeated until a certain thickness 
has b^ acquired. The balls are then plunged into water, and the clay, thus softened, is easily got 
rid of by simple pressure. Sometimes a thin board is used as a nucleus, on which the sap is deposited 
and agglomerated; in this case, the mass of India-rubber thus collected is cut on three sides to admit 
of the board )^ing drawn out, and in this way double sheets are obtained, which open almost in the 
same way as a book. The purest India<>rubber8 are those which arc gathered in. this way, such as 
Park and M&dagascar, .the simple aspect of which reveals the almost total absence of extraneous 
matter. When the sap is allowed to run out on the ground, it collects in irregular strips, mixing 
with the impurities of the soil. These strips are put into sacte and sent'off to the various places of 
consumption. When they arc very thin, they are rolled up like a skein of thread, and the appear¬ 
ance of the India-rubber in balls serves to remind one of a clue o/ worsted. 

The method of preparing the crude rubber varies. Pne process consists in softening the raw mate, 
rial in hot water, cutting it into pieces of about H cubic inches by saws, and flattening it between 
two cylinders,, placed horizontally, the distance between which is regulated at will by set-screws. 
These cylinders are of different velocities; it follows, therefore, that, independently of the pressure 
which the India-rubber is made to undergo, jt is hacked and tom to such an extent that all extra, 
neous matters are removed, and under the continuous action of a stream of water they are easily 
carried off. Under this process, which is repeated eight or ten times, every time bringing the two 
cylinders nearer together, all the impurities vanish, and the rubber assumes the form of an irregiilar 
sheet, grained, and pierced through with innumerable holes. This sheet, when hung up to dry in a 
place where the air circulates freely, thanks to its texture, very soon loses the water with which it is 
impregnated. 

The kneading is then done in a *‘devil,^’ which consists of a cylinder fixed horizontally, divided or 
not into separate compartments by partitions perpendicular to the axis. Over the total length of 
this cylinder, and a quarter of its circumference, there is an opening by a sort of door on hinges, 
through which the dried rubber is introduced. A shaft, provided with a series of sharp-pointed teeth * 
disposed in rows alternating one with another, runs through the whole length of it. This shaft, 
which makes seven or eight revolutions a minute, carries along with it the grained sheet, and causes 
it to traverse the entire free space of the cylinder. In doing this the mass of caoutchouc takes a 
rotating motion, produced by the teeth, which successively take it up and draw it toward them. There 

results from this a perfect process of trituration, 
which forms .the sheet of rubber into a compact 
mass. It .then passes between steam-heated com¬ 
pressing cylinders, in which it is compressed until 
it presents the aspect of a rolled-up sheet of firm 
texture, close ai^ exceedingly smooth. This gives 
the finish to the preceding operations. 

The most approved method of treatment, how- 
ever, and the one in general use in this .country, 
consists first in softening the rubber in large tanks 
of boiling water. A mass weighing from 10" to 20 
lbs. is then thrown upon a pair of strong fluted 
c-ist-iron cylinders, between which it is masticated 
into small pieces and washed by streams of hot 
water which fall upon it from a perforated horizon¬ 
tal pipe. After being passed several times tlirough 
the machine, it is taken to another, similar in con¬ 
struction (Fig. 2386), but having a pair of smooth 
cj’linders in place of the fluted ones. These produce an enormous pressure, which packs the pieces 
together in the form of a mat; this is also passed several times in succession through the machine 
and washed by the drippiqg of hot water, as in the preceding operation. When the mat is suffi- 
cicntly compacted and washed, it is- taken to a diyiug room, a warm chamber heated by steam, where 
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h is allowed to remain from four to six wc^ks, until it is thoroughly dry; for if it were attempted to 
work the material while it contained any moisture, an inferior fabric would be the result. 

Pure India-rubber is used only for special purposes. The requirements of industry demand vari- 
oos qualities of products, possessing properties suitable to the different uses to which they are 
applied. It is the mixture of blocks of compressed rubber with foreign matters which enables the 
manufacturer to produce qualities answering to the variable conditions under which they have to be 
used. Rolling forms a mixture of these several substances which is regular and unifoon through¬ 
out; it is also during this operation that the material for imparting any desired color is added in the 
form of powder. WTien the rubber is not rolled, it is moulded ; the paste being placed in a mopld, 
which is exposed to a temperature varying between 125“ and 150°. The material is thus caused to 
expand and penptrate into every part of &e mould. If a hollow article is required, a little water is 
introduced, whi^, being changed into vapor by the heat, compresses the paste, and makes it adhere 
to the sides of the mould, of which it takes the exact outline. 

When rubber has been agglomerated in a “ devil,” the mass is sometimes rolled between cylinders, 
tad several thick sheets thus obtained are compressed by hydraulic pressure into blocks, which are 
cut up into sheets. For this purpose the block of rubber is held in movable bearings, and the cut- 
tii^ knife is dirried in a slide. The knife is kept continually wet. The sheet of rubber, as it is pro- 
do^ by the action of the knife, is passed over and under guide-rollers, and over a drawing or taking- 
op roller, which, revolving and being covered with India-rubber, has sufficient bite or hold on the 
to draw it forward with the required tension. The speed of the roller is required to decrease 
with the size of the block of rubber under operation; for as the sheet is cut from it less length is 
pranced during each revolution of the block, and it decreases in circumference, its rotatory speed 
being the same, the roller in contact with it will be driven slower, and will communicate its decreas¬ 
ing velocity by means of the crossed straps to the taking-up roller, so that the sheet of India-rubber 
iffil be tgken up as it is produced and deposited in folds in front t>f the machine. 

Raw India-rubber seems to consist of two parts, each possessing distinct properties: the one com- 
pict and elastic, the other heavy and scnii-liquid. U is to the presence of the latter element that is 
to be attributed the extreme facility of adhesion by which it is characterized, and it serves to.explain 
the way it is affected by the action of the cold, and the modification it undergoes under the influence 
(d a temperature. The transformation of the viscous paH, which is moet sensitive to the varia- 
dons of heat, has the effect of preventing those grave inconveniences arising out of it, and of mak¬ 
ing India-rubber a substance that can be utilized under any conceivable circumstances. That is the 
obi^ attained by vulcanization. 

The agent employed for vulcanizing is sulphur. Its action on India-rubber is similar to that on 
fiitty substances,* whidi, when mixed with it in the proportion of one to five, and heated by a tem¬ 
perature of about 200°, produce a substance offering a good deal of resistance, and presenting almost 
the aspect of India-rubber. The result is that vulcani^ rubber does not harden with the cold, nei¬ 
ther does it soften with the heat; it preserves its elasticity, resists acids, and can no longer be made 
either to dissolve or to adhere. 

The usual method of vulcanization and treatoent in connection therewith is as follows: After the 
ihM are prepared’as described by the masticating and compressing machines, and are thoroughly 
dried, they are passed successively through three mills. All the mills are of similar construction to 
the one already represented, except that in each machine one cylinder is made to revolve twice as 
wpWly as the other, in consequence of which the material is thoroughly ground and mixed. But 
while undergoing the process the continuity of the mat is not destroyed, for it retains its form, 
although a careful scrutiny will show that a constant and rapid change of position is going on among 
the particles. The cylinders are hollow and are supplied with steam, which keeps them at about 
F. in the first mill, and at a little lower temperature in the other two. The first mill merely 
works and compresses the material into a firm thick sheet of a homogeneous texture, preparatory to 
the incorporation of the sulphur and whatever other ingredients are to be added, which operation is 
performed entirely in the second mill 

Taking as an example the manufacture of India-rubber hose for steam fire engines, as carried on 
at a large establishment in New York, the subsequent steps are as follbws; After leaving the first 
BnU, tb^ 5 per cent, of sulphur (and in some cases certain mineral matters, as white lead) is thrown 
■poo the sheet while it is passing down between the cylinders. The mixing at flbt causes disintegra¬ 
tion tod the separation of the material into shreds; but union is speedily Teestablishcd, and the 
mass again’ becomes homogeneous, and will retain its pliability and elasticity after cooling. This, 
however, is not allowed to take place until it is passed through the third or finishing mill. Here the 
aheet is passed between the cylinders over and over again, until its pliability and working qualities 
tro perfected, and as far as possible adapted to being spread upon canvas. This operation is per- 
fon^ in an adjoining room upon a calender (Fig. 2386), a machine somewhat similar to that used 
n cotton-bleaching establishments. The rubber is first of all again passed tljrough a pair of cylin- 
<krs in a njaohine called a feeder, which is also similar to the mills through which it has already 
psssed. This feeder stands near the calender, and its purpose is to knead and temper the India- 
mbber to the exact condition in which it can be best applied to the cloth. It is taken in handfuls at 
t time and fed to the calender between the two upper cylinders represented in the figure, but upon 
tbe opposite side to that which is shown. The surfaces of the two cylinders are so prepared that 
the robber adheres in a thin sheet to the lower one of* the two, which in its revolution brings it in 
contact with the third or next lower cylinder, over- which the cloth is being passed, forcing it thor- 
ooghly into the meshes of the fabric. After one side of the canvas has been coated it is turned, and 
the robber is applied to the other side.. It is then taken to a larger calender, where another coating 
»applied to one side, the whole sheet being well consolidated under powerful pressure. 

The doth is now ready to be made into hose, and the operation is commenced by cutting it into 
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strips diagonally, so that both warp and weft may receive the strain to which the hose may be sub¬ 
jected, thus greatly increasing the strength of the fabric! The strips are cut in width a Httle' more 
than twice the intended circumference of the hose, .so that one sheet will form two thicknesses 
of its walls. The inner layer of the pipe is formed by a thick sheet of uncanvased vulcanized 




rubber, which has been also prepared in one of the calenders. This is cut of the proper width, and 
wound round a long iron pipe used as a mandrel, and its edges are lapped over one another, firmly 
pressed together, and j^rmanently joined by a small grooved roller held in the hand of the workman. 
Before being applied, the inner surface of this sheet of rubber must be coated over with a powder of 
some substance which will prevent adhesion to the mandrel, so that it may be removed after the 
hose is finished. The best substance is soapstone, or steatite. The lapping edge must ho carefully 
left untouched with this material, or perfect union will not be possible. Around this inner coating 
are. now successively wrapped two strjps of the bias^cut ‘rubber canvas, and over this another and 
outer coat of pure vulcanized rubber, making six coats in'all, four of which ard of rubber canvas. 
It is claimed that hose of 2 in. calibre, made in this manner, is capable of resfsting a hydrostatic 
pressure of 400 lbs. per square inch at a temperature of 60^ F.' Each length of hose is usually 
made 60 ft. long, which has been found the most convenient for use on the hose carriages, the 
lengths being joined as required by couplings. After every layer has been wound over its concentric 

fellow, and also during the process, the work* 
men make use of their rollers to compress and 
consolidate the .hose. After all the layers have 
been applied, the pipe is taken to another bench, 
where it is covered with four or five layers of 
cotton cloth, and then, with several others, it is 
placed upon a long carriage which runs upon 
rails into a large hollow cylinder. Fig. 2387, 
which is heated by live steam, or steam which 
is not superheated, coming immediately from the 
boiler, and usually at a pressure which will give 
it a temperature of about 240* F. When the 
rubber has been confined in this cylinder,-at this 
temperature, for eight or ten hours, the true vul¬ 
canization or union of the caoutchouc with the 
sulphur takes place, accompanied with the dis¬ 
engagement of sulphuretted hydrqgen gas. This 
is one of the most important parts of the pro¬ 
cess of manufacture, and upon it, as well as 
upon the mixing of the ingredients, depend the 
strength and elasticity of the product. The heat 
should be raised gradually and maintained at a 
determined point till the vulcanization is com¬ 
pleted, and then should be immediately withdrawn. In manufacturing engine hose, the New York 
Gutta Percha and Rubber Manufacturing Company mix a certain amount of carbolic acid with the 
caoutchouc,* which it is claimed preserves the hose and shortens the process of vulcanization. An 
ingenious register is in use at their factory, the invention of Mr. John Murphy, by which the appli- 
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ettion of a steam-pressiire gauge to clockwork records the different degrees of temperature and their 
dan^on which may haye reached during the vulcanizing process, which is generally performed 
daring the night, under the care of one or two men. 

When caoutchouc is intended for car springs, about 5 per cent, of white lead and variable propor¬ 
tions of carbonate of lime are added, with 6 per cent, of sulphur. This makes the product more 
solid and substantial, and capable of supporting greater weight without too muph compression, 
idiich is objectionable. In the manufacture of ebonite, a much larger proportion of sulphur is used; 
and in the Reaper kinds, when great strength is not required, various earthy substances are employed. 
But solph'ur and caoutehouc alone, when properly mingled and raised to the' required degree'of heat, 
produce tbe best article. The temperature necessary t<f effect Ihe proper result varies with the pro¬ 
portion 0 ^ the ingredients, and rangps from 250° to something over 300°, this also being more or less 
modified by the time employed. 

When Endia-rubber is woven into fabrics, it is prepared for the purpose by slicing it into threads, 
with knives worked by machinery and kept wet. These threads are wound upon cylinders in a 
state of tension, and are w^oven into the fabric in this condition. In the early manufacture of fabrics 
of this kind a process technically called “ shirring ** was employed. The elastic threads, in a state of 
teugion, were passed between rollers, and then between two other rollers over each of which was 
passed a strip of cloth, cotton, or silk. This brought the threads between the two layers of cloth, 
and the latter having been prepared with a coating of India-rubber cement, they were held there. 
One of these shirring machines, together with a machine for cutting the threads, was the Invention of 
James Bogardus of New York, and was extensively used for a number of years. The goods made 
by that process have however entirely, given place to woven fabrics; and the cutters now used are 
single circular knives, revolving with high spleed, cutting sheets wound upon cylinders, which ai*q 
giren a slow rotary as well as a side motion, by which the thread is Out in a spiral. 

IXDICATOIl. The steam-engine indicator is a device for recording, by means of a diagram, the 
suooessiTe pressures in a steam-cylinder at every point of the double stroke. It is also used similarly 
to measure the pressures in the cylinders of air,, gas, and water engines and pumps. The principles 
of the construction and operation of an indicator will be understood by referring to Fig. 2888, in 
which A represents the cylinder of a steam-engine, Cthe piston, and D the piston-rod of tbe 


2388. 



connected to the load through the connecting-rod crank and shaft as sketched, or in 
*Qy customary manner. The remainder of the figure shows the principal features of an indicator on 
m enlarged scale, though modified slightly in detail to facilitate explanation. H is the indicator- 
cylinder, which is connected to tbe^end .d of the main cylinder thropgh a short passage regulated by 
a oock 0 , which is so constructed as to put the indicator-cylinder in communication with the atmos¬ 
phere when the passage to main cylinder is closed. Suitable openings are provided to keep the 
■pper part of the indicator-cylinder in cominunication with the atmosphere at all times. I is the 


Digitized by 


Google 









152 


INDICATOR. 


indicator-piston, which is connected to one end of a spiral spring, the other end of whidi is held 
stationary in any snitable manner. JTis a pendl, which is moved up and down by the piston /, either 
by a direct connection through a piston-rod 6, as shown, or through a system of levers. The pencil is 
adjusted to bear lightly upon a piece of paper X, which is secured to a slide receiving a lateral 
movement from the main jnston through the lever N and links e and c, as shown. Usually, however, 

^ the paper is secured to a drum, which is partially revolved back and forth by levers, cords, and a 
* spring hereafter described, which impart to the paper the reduced movement of the main pistop in the 
same or the opposite direction. The compressions or extensions of accurately constructed springs are 
proportioned to the intensities of the forces impressed; hence, if the resistance of the spring Si the 
indicator ht such that it will require 16 lbs. fo compress it one inch, and the piston I have an area 
of one half inch, the [Pencil will be moved one inch by a pressure of 80 lbs. per square inch on the 
piston, and proportionally for other pressures. In such case the scale of the Indicator is called 80 lbs. 
per inch, or the spring is marked meaning that the movement is one-thirtieth of an inch for each 
pound pressure per square inch on piston. Indicators are usually provided with several springs of 
different strengths—si^es of 10 lbs. per square inch being used for low-pressure air-engines, s^es 
from 16 to 32 lbs. per square inch for ordinary low-pressure condensing engines, and of 40 to 60 lbs. 
or more for high-pressure engines. 

Referring to Fig. 2388, if the engine be in operation ‘ and the cock a shut, the atmospheric pres¬ 
sure will be on both sides of fhe piston as previously explained, and the piston and pencil in podtion 
opposite the point marked 0 on the scales shown, when, by the. lateral movement of the paper, 
the line (f/will be traced, called the atmospheric line. When the cock a is turned to admit steam 
from the main Cylinder A to the indicator, the piston of the latter will be forced up and down; and 
this movement, combined with the lateral motion of the paper, will cause the pencil to trace a dia¬ 
gram* in which the vertical height above the atmospheric line at any point will represent the pressure 
in the main cylinder at the portion of the stroke corresponding to the horizontal position of the 
point. For instance, if the main piston be at position 1, or just commencing its stroke, line 1 on paper 
L will be opposite pencil If steam of 60 lbs. pressure be then admitted to the main and indica¬ 
tor cylinders, the pencil will be carried up to the point g opposite 60 oq the scale at the left. If the 
st^am remains at 60 till the main piston reaches position 2, line 2 on the paper will be moved 
opposite the pencil, and the latter remaining stationary will trace the line gh If the steam be now 
cut off, the pressure in the main cylinder will fall rapidly, and by the time the main piston reaches 
position 8 the paper will be in the position shown, and the pencil'will have dropped to t, or opposite 
about 27 lbs. on the scale of pressures as shown, tracing in its downward'movement, combined with 
that of the paper, the curve 4t, the height of which at any point shows the pressure in the main 
cylinder at the corresponding portion of the stroke. The pressure will gradually fall in the cylinder 
as the piston advances, and the curve ij k be traced on the diagram. At’or near k the steam will 
be exhausted and the pencil fall to showing a back pressure of about lb., which may remain 
nearly constant while the main piston is passing the positions 6, 7,- and 8 on the return stroke, 
so that the pencil will trace the line^o. If at o the exhaust-port be shut, the back-pressure vapor 
will be compressed and the pressure rise, forming the curve ou; and about the time the piston 
reaches the end of the stroke steam will be again admitted and force the pencil to g^ tracing line ft g, 
and the operations be repeated. If there be a vacuum in the cylinder during the return stroke, the 
atmospheric pressure will force the piston I below the point 0 on the scale, and the pencil K trace 
a back-pressure or vacuum line below the atmospheric line, as shown by the dotted line pi oi. The 
vacuum shown in a steam-cylinder usually corresponds to a reduction of pressure of from 10 to 12 
lbs. The theoretical full-stroke diagram is evidently a rectangle. It is however not obtained in 
practice in a steam-enginq, but is closely approximated in the best pomps. 

Fig. -2389 is a diagram similar to the one above developed, with such modifications as are found, in 
practice. The line a /, which is drawn by the instrument, is as before stated called the atmospheric 
line, A line R U, called the true vacuum line, may be drawn on the* paper by hand at the distance 

he height of the barometer, or usually 14.7 lbs. A 
line a / is also drawn in some cases to show the pres¬ 
sure in the steam-chest or boiler. The line ug is 
called the receiving line, and g h the steam line. The 
sudden rise of the indicator-piston in drawing the' 
line ug often induces vibrations of the spring, mak- * 
ing the steam line undulatory, as shown in dotted 
lines. At A is the point of cut-off, which theoretically 
should a sharp angle, but in practice is more or 
less rounded, according to the velocity with which 
the cut-off valve is closed. Usually also the cylin¬ 
der-ports are not of sufficient size to maintain the 
initial pressure to the point of cut-off. The resnlt 
is a kind of imperfect expansion, shdwn by the slope 
of the line from a to. h, which is called wire-drawing,, 
The curved line n k is called the expansion curve, and • 
kp or kpi the exhaust line or curve, k being call^ 
the point of release. The line po on a diagram from a non-condensing engine, orpi.Oi from a con¬ 
densing engine, is called the hack-pressure line ; but the latter is more generally called the vacuum 
line. The curve ou js called the cushion curve. Pressures above.the atmospheric line df are called 
wessures above the atmosphere or pressures by gauge ; and pressures above the perfect vacuum line 
R U are called total pressures. The pressure at the beginning of the stroke is called the initial, . 
at the end the terminal pressure ; the two latter may either be total Or above the atmosphere. 


below the atmospheric line corresponding to 
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Mariotte’s law of the tree expansion of gases (applicable strictly only to perfect gases expanding 
vHhout change of temperatute) is, that the pressures are inversely aS the volumes. It followa then 
that the products of ^e pressures by the corresponding volumes are severally equal to a constant. 
On this bf^is the expansion curve is hyperbolic, an equation of the hyperbola being zy = a. In the 
practical operation of a steam-engine, heat is transmuted into work, and condensation takes place in 
the cylinder sufficient to supply one heat-unit for each 772 foot-pounds of work. On this basis the 
pressures should decrease faster than the ordinates of a hyperl^lic curve; and to express the rela¬ 
tion, an equation has been developed for what is termed the adiabcUie curve^ in which the heat 
transmuted into work is considered, but no allowance is made for transmission to and from the 
steam and its inclosing walls. Inasmuch as such transmission does'take place—often to an enor¬ 
mous extent, and always to an important degree—by which means the practical curve of expansion is 
usually raised to or al^ve the hyperbolic curve, it follows that the latter practically represents all 
the conditions better than the adiabatic curve; for which reason, and to secure simplicity, the hyper¬ 
bolic curve will be heroin considered as the theoretical curve of expansion. 

far various reasons hereafter explained, it is desirable to lay down the theoretical curve upon 
indicator diagrams for the purpose of comparing it with ^e indicated curve, and .thereby ascer¬ 
taining the condition of the engine. This may be done in several ways, two of which will be 
explained in conn^ion with Fig. 2390. The first step is to lay down the perfect vacuum line Q U 
at a distance below the atmospheric line d /, by the s^e of pressures equal to the barometric pres¬ 
sures at the time, or usually 14.7 lbs. A perpendicular Q Qi should also be erected to lengthen the 


2890 . 



(fiagrtm, in the same proportion* that the spaces in clearances and passages increase the capacity of 
the cylinder. For instance, if the clearances, etc., equal .07 of the displacement of the piston (or of 
Its area multiplied by the length of stroke), then Q Ji = ,07 x Ji W, If it be desired that the curve of 
expansion pass through a particu^ point of the indicated curve, zt for instance, by multiplying the 
d^ance of s* from Q Qi in any scale by the total pressure at z* (viz., above Q C/)y the pr^uct 
vill be a constant which, divided by the distance of any vertical line from Q Qi in the same scale 
previously employed, will give the total pressure at the point where the theoretical curve crosses that 
vertical line. For instance, Q8xJSzt-*‘Q(l zw ; and the points Zio, zs, etc., may be found in 
a timilar manner. 

There are many methods of flaying down the curve graphically. The following *method, employed 
by the writer, is quite simple,*and avoids the necessity of dividing the diagram into equal puts. 
Rrst select any desired point through which the curve is to pass; multiply together the distances of 
that‘point from the asymptotes Q Qi and Q U (measuring the distances with the same scale, that of 
pressures preferably); extract the square root of the pr^uct; lay off the value of the root from Q 
to X and ^ to F, and draw X x and Yy parallel* to the asymptotes. Then, if. from points Z|, z*, Zg, 
etc., at different portions of the stroke, on line X z, diagonal lines be drawn to the origin, Q, such 
(Cagonals, product if necesMry, will intersect the line Fy at points showing the pressures at the 
corresponding points of the stroke Zi, z«, etc. ; and drawing zi Zi, x% zg, ctc.^ parallel with* Q Qi^ and 
h ya z*, etc., parallel with Q the intersections zi, za, z», etc., appoints in the theoretical curve. 
The square root of the product referred to may be obtained graphically by drawing za 8 parallel 
with Q Qi^ laying aft QP equal to the pressure Sz^; and drawing a semicircle through points P and* 
^ intersecting Q QitX the point X^ then Q X equals the root desired; and drawing quadrant X Y 
with Q as a centre locates also the point F. The theoretical compression curve or may be laid 
down in a similar manner, starting from o. The practical .compression curve generally falls below 
the theoretical curve, as shown approximately at o u, on account of condensation to reheat the cylin¬ 
der as pressure rises. 

In most cases, when using saturated* steam at short points of cut-off, the indicated expansion curve 
falls below the theoretical curve near the beginning of the stroke (condensation taking place to reheat 
the cylinder), and rwes above the latter near the end of the stroke (from re-evaporation), substan-’ 
tidly as shown. With steam ‘quite dry and the better class of engines, however, the indicated and 
theoretical curves agree very closely. With very wet steam the indicated curve near end of stroke 
riaes donsiderably above a hyperbolic curve run through the point of cut-off, while with highly super¬ 
heated fteam it often runs a little below, the s&me as the adiabatic curve. In vertical engines, 
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when cutting off short, water is likely to collect above the piston, distorting the diagram from the 
top of the cylinder by raising the terminal pressure, as shown in Fig. 2403. 

Defects in the design ^nd adjustment of Valves and valve-gear, leaks of the valves or pistons, as 
well as the quality of the steam and the thermal condition of the steam-cylinder, may all be ascer¬ 
tained from indicator diagrams which have been carefully taken with a good instrument. When the 
eccentric is too far ahead, the diagram shows an excess of lead^ as represented in Fig. 2391. Steam 
is taken at u before the end of the stroke, and the receiving line ug\^ inclined. With a slide-valve 
point of releoH k will also be farther away from end of stroke, showing an early exhaust. In loco¬ 
motives and rapidly-moving engines early steam and exhaust lead is desirable, to cushion the recipro¬ 
cating parts. (See Figs. 2398, 2400, and 2401.) When the eccentric is behind, the steam and 
exhaust lines incline in the opposite direction, as shown in Fig. 2392. generally, too, the steam line 



is lower than is ordinarily the case to the point of cut-off; and for fixed cutoff and constant steam- 
pressure, the pressure in the cylinder will be less throughout the stroke than when sufficient lead is 
given. When steam is wet, the steam line is usually lower than usual, and the pressure at end of 
stroke rises considerably above the theoretical curve. Generally, too, the vacuum at the beginning 
of the return stroke will be redifced, as shown in Fig. 2393. If the engine has independent steam 
and exhaust valves, and the steam-valve leaks, the steam line will be in its ordinary position, but the 
expansion curve will be above its true position, much the same as if the steam were wet. On the con¬ 
trary, if the piston or the exhaust-valve leaks, both the steam and expansion lines will be low; and 
generally, but particularly when the piston leaks, the back-pressure line will be high and the vacuum 
low at the beginning of the return stroke, as shown in Fig. 2894—steam at that time being admitted 
at full .pressure on the other side of the piston. Caution and experienced judgment are required 
to distinguish distortions of the diagram due to wet steam from those arising from misadjustmCnt of 
the valves. When the cylinder, or part of the same, is exposed to cold, or attached to large masses 
of metal so exposed, the diagrams «how unmistakable signs of moisture, and fu^e of reduced area. 

One of the principal uses of the indicator is to determine the power developed by an engine. The 
indicator diagram shows the pressures in the cylinder at all points of the stroke, and the first step la 
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to ascertain the average or mean effective pressure. This is usually accomplished by the geneml 
method employed to measure irregular figures. Ordinarily the diagram is divided into a number of 
equal parts, ten being customary and. sufficient for most purposes; then the pressures’from bottom 
to top of the diagram are measured with the scale centrally between the lines, and the sum of the 
different measurements divided by the number of ordinates gives approximately the mean pressure. 
It is better, however, to make the divisions so that a half space occurs at each end, and then measure 
directly on instead of between the lines. This can be conveniently done, when a number of diagrams 
are to be used, by laying off the spaces on a piece of card-board shap^ like jl. Fig. 2396, made a 
little longer than the average length of the’ diagrams, so that it may be conveniently applied between 
the lines B C and D which should in all cases be drawn at the ends of the diagram at right angles 
to the atmospheric line. The different points are then to be pricked through, and the .division lines 
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dnwn from the same parallel to those at the end. Ten points may be similarly arranged in a piece 
of wood, and all pricked into th6 papei*at one time. The multiple parallel ruler, shoVn in two posi¬ 
tions in Figs. 2396 and 2397, is furnished by the Messrs. Elliott Bnothers with the Richardfl indicator 
for a similar purpose. The parallels should first be adjusted to the length of the diagram, and a dot 
made for the first end division. This distance should be bisected and the ruler moved b^ily the half 
space, without permitting motion in the joints, when the ten parallel lines may be drawn across the 
card with half spaces at the end, the same as in Fig. 2395. The pressures by scale at the several 
points maj be conveniently marked upon or at the side of the diagram, sdmmed and divided by ten 
as shown, which will give the mean pressure. The writer has, however, found it more convenient to 
takeoff the successive measurements on a strip of 
drawing-paper, using a sharp-pointed knife to shift 
a point in the strip from the bottom of one ordi¬ 
nate to the top of the next. The portion of the 
strip used is then measured in inches, and the re¬ 
sult, divided by one-tenth of the scale of the indica¬ 
tor, equals the mean pressure. This division need 
not be made until the gross lengths of the ordinates 
of all the diagrams have been summed together. 

When diagrams from both ends of the cylinder are 
taken on the same paper, as shown in Figs. 2398 
to 2406, the sum. of the ordinates of both may be 
obtained on the strip at one operation, in which case the result must finally be divided by two. 
The areas of diagrams are frequently measured with a planimeter, in which case the area in square 
inches and length of diagram in inches and hundredths are simply to be noted, when the sum of the 
areas, dlvide4 by the sum of the lengths and mOltiplied by the scale of the indicator, equals the 
mean pressure. When diagrams are double, the result should be divided by two, or for simplicity 
halfihe scale of the indicator used for a multiplier. 

The system of measuring from the top to the bottom of the same diagram above provided for 
does not show the true effective pressure on the pistbn at the position where the measurement is 
taken.- The effective pressure at any position of the piston evidently equals the pressure on -one side 
less that on the other. This can be obtained* by taking diagrams from both ends of the cylinder on 
the same sheet, or combining the two' as in Fig. 2398; then the effective pressure at any point may 
be found by measuring from the top of one magram to the l^ttom of the other. In the figure the 
effective pressures are measured by the successive heights of the shaded figure A C £ Gy and the 
latter part of the stroke is completed against the resistance of pressures measured by the successive 
heights of the figure D. The average effective pressure in both ends of the cylinder will, however, 
in Mi cases equal the average mean pressure of t)ie diagrams found in the manner above explained. 
For, representing the pressures by the areas, if we add the areas included in the figures represent- 
ii^ the actual mean effective pressures for both ends of the cylinder, viz., .4 + C + .£*+ G^Dy and 
Cy the sum reduces to.4 + B+ 2G + E-\-Fy which is the sum of the areas of the two 
diagrams, and will be, no matter what their relative areas. The method of measuring each diagram 
ft^parately gives, therefore, accurate final results; and the more complex system need l^ adopted only 
for any reason it is desired to separate the work done in one of the cylinder from that done 
in the other. In some cases the steam-pressures are measured from the top of the card to the atmos¬ 
pheric or perfect vacuum line, and the back pressures to the same line, and the average of the latter 
subtracted from the former. This* is in general unnecessary. By multiplying the area*of piston in 
square inches by the mean pressure in pounds per square inch obtained as above, the mean total effec¬ 
tive force urging the piston is obtained; and Multiplying this by the speed of the piston in feet per 
minute gives the number of foot-pounds of work performed in a minute, which, divided by 33,000 
(which equals the number of foot-pounds per minute in one horse-power), gives the number of horse¬ 
powers developed. 

In obtaining the area of a piston, the area of the piston-rod should be considered. If the piston- 
rod runs through one end only of the cylinder, half the area of the rod should be deducted from, the 
totol area of the piston, and the result will be the mean area of the two sides of the latter. Let 
P equal the indicated horse-power, m the mean pressure in the cylinder in pounds per Square inch, A 
area of piston in square inches, 8 length of stroke in feet, and R number of revolutions per minute: 



thcnP = 


Axmx2x8xR 


For a given engine the portion of the above-equation represented 


83,000 

by 4 x 2 X 5-*- 83,000 is always constant, and represents, the power developed by the engine per 
po^ of mean pressure in the cylinder for each revolution per minute. It is the habit of the 
aviter to ascertain this constant in *the first instance, and keep a memorandum* of it in connec¬ 
tion with the dimensions of the engine, when at any time the power may be ascertained by simply 
multiplyii^ together the constant, the mean pressure, and the revolutions per minute. Putting 
A'=r such constant, D = diameter of cylinder, d = that of the piston-iod, and tt = 3.1416; then 

A’ = 25j “ i'(^) J =.0000238 5, and P=Km R. 

T^ns, for a cylinder 34.1 inches in diameter, with piston-rod 4j inches in diameter, and 30 inches or 
215 feet stroke of piston, K — .13728. So, when the mean pressure is 80 lbs., and the engine making 
70 revolutions per minute, the horse-power P = .13723 x 80 x .70 =588.183. 

The approximate quantity of steam used by an engine may also be determined from an indicator 
<tiagram. To do thb, it is necessary to ascertain the specific volumes or weights per cubic foot of 
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steam at different pressilres. These are tabulated in works qp. the subject. Referring to Fig. 2300, 
the cylinder to the point of cut-off A, including the clearance spaces, is full of steam at the total pres¬ 
sure Sh. The size of cylinder and'point of cut-off being known, 4 “ ^^7 fo fiiid number of cubic 
feet included in the cylinder to that point, including the average clearance spaces for the two ends of 
the cylinder, which, multiplied by the number of strokes per hour, will give the number of cubic feet 
of steam of that pressure used per hour; and the latter quantity, multiplied by the weight of a cubic 
foot of steam at that pres^ure, equals the calculated weight of steam per hour. The amount of steam 
required from the boiler is, however, less than this, as the clearance spaces during each stroke are 
filled with steam of the final total cushion pressure Ji ti, so that the capacity of the clearance in cubic 
feet multiplied by the number of strokes per hour, and by the weight of a cubic foot of steam at the 
total pressure R u, must be deducted from the previous result, and the remainder represent the calcu¬ 
lated weight of water that must be evaporated per hour to produce the pbwer. The calculation may 
in like manner be made for the volume and pressure at any other point in the expansion curves. It 
is most frequently taken from the end of the stroke, the pressure being ascertained by continuing the 
curve A A to the line UXn, Putting W = calculated water evaporated per hour, u = weight per cubic 
foot of steam due to the total pressure at end of stroke, t; = the corresponding weight per cubic foot 
oT cushioned kteam, and e = proportion of cylinder capacity represented by clearance spaces, and 
using also part of the symbols previously named, .we have • 

• A 

\^= [(1 -I- c)ti—cv] X — X 2i8fx X 60 = .833872[(1 -I- c)u-cv]. 

Except in rare instances when using superheated steam, the calculated weight of steam is less than 
the actual amount, on a(^unt of cylinder condensation. This condensation increases rapidly with the 
degree of expansion. Ordinarily 90 per cent, dr more of the feed-water or water actually evaporated 
will be accounted for by the indicator when the steam follows about seven-eighths of the stroke; and 



in many eases only about one-half of the actual quantity will be thus accopnted for by the indicator 
when the steam is expanded ten times. The discrepancy varies with the quality of the* steam, and all 
the thermal conditions under which the work is performed. 

The indicator diagrams from non-condensing engines. Figs. 2899 to 2402, are reduced from a. ** Trea¬ 
tise on the Steam-Engine Indicator,” by Mr. Charles T. Porter, revised by Mr. F. W. Bacon. Figs. 2399, 
2400, and 2401 are from locomotives, fig. 2399 is as near a full-stroke diagram as can be obtained 
with a slide-valve. It differs However from full-stroke diagrams usually obtained, from the fact that 



the steam-pressure at the beginning of the stroke is less than near the end, showing that the steam 
could not enter with sufficient rapidity to both reheat the cylinder and keep up the pressure. The 
diagram shown in Fig. 2400 was taken from a locomotive on the Philadelphia, Wilmington, and Bal¬ 
timore Railroad, at a speed of more than 60 miles per hour, with the engine making more than 300 
revolutions per minute; under which circumstances it must be considered a remarkably good diagrauK 
The early release is necessary at such high speeds, to free the cylinder and permit the cushion to act 
eflBciently before the return stroke. The high back pressure is necessary to secure draught with the 



blast-pipes. The diagram shown in Fig. 2401 was taken from an English locomotive with revers¬ 
ing lever in the first notch, and shows the general shape of diagrams taken from engines cutting off 
short with a lap-valve, extreme cushioning being a prominent feature. The diagram shown in Fig. 
2402 was taken from an engine with disengaging cut-off. The loops below the atmospheric line 
represent resistances against the piston, and show the common defect that the engine was insufficient¬ 
ly loaded to secure economy. The proper remedy is to provide more work for the engine, which will 
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be accomplished without extra cost for fuel. The diagrams shown in Fig. 2403 were taken from one 
of the vertical cylinders of the United States Coast Survey steamer Bache, at a speed too slow for 
economy. Water collected above the piston in such quantities as to cause the pressures at the 
latter part of the stroke to rise above the theoretical curve in the manner shown. . I'lg. 2404 repre¬ 
sents an average diagram taken from the single vertical engine of the United States Revenue steamer 
Gallatin; and Figs. 2405 and 2406 represent average diagrams from the high- and low-pressure cylin¬ 
ders respectively of the compound' engine of the United States Revenue steamer Rush.* 

Indicator diagrams are occasionally taken with the drum operated by connection to other parts of 
the engine than the main piston; for instance, to the cross-head of the slide-valve, or by a cord to 
cause the same to revolve coincidently with the main shaft. Such diagrams are instructive to show 
the relative times occupied by thb admission and release of the steam, which are not shown on an 

ordinary diagram on account of the slow motion 
of the paper near the end of the stroke. They 
are not,'however, considered of great practical 
utility, and are obtained chiefly as exercises, 
puzzles, and curiosities. Indicator diagrams 
have been taken on a disk rotated back and 
forth by the engine, the measurements being 
made on radial ordinates. 

MeNaught's IndiccUor. —^Fig.. 2407 is a ver¬ 
tical section, Fig. 2408 a' vertical elevation, Fig. 
2409 a horizonl^ section, and Fig. 2410 a plan 
of this instrument. This is the general form of 
indicator exclusively in use previous to the year 
1862. The principal features will be understood 
from the general description in connection with 
Fig. 2388. The paper is wound upon the drum 
and held in place by a double clip^pring L 
The drum E is set on an interior cylinder F, and 
a slot in the bottom of the former engages with 
a pin in the latter. The cylinder and drum are* 
revolved together through a portion of a revo- 

• 2411. 


lotion in one direction by a cord secured at one end in a groove or cylinder Fy and led over one or 
more guide-pulleys / to levers or equivalents operated by the main piston. The cylinder i^.is retracted 
l>y a coiled spring shown at the top of the bearing in Fig. 2407. The piston-rod b of the indicator- 
pston a carries near its middle a boas to which the free end of the spring is secured, and in which 
*M a mortise to receive the shank of a pencil carried by e, which is hinged, as shown plainly in Fig. 
2410, so that the pencil may be turned down upon the paper on the drum or thrown back' from the 
*ame. A spring at the joint df the pencil-holder like that in a knife-handle causes the pencil to 
bear lightly upon the paper, or holds it back when removed. 


• S« dtseujifion of the trials of revenue steamers by Mr. C. E. Emerv, In the (London) Engineering, and In the 
*pvnuii the Franklin InMitute. February, 1S75. See also Enginekrtno, vol. aDcl- and Jpumal of the Franklin 
February, 1^76. 'V' v, ^ ^ 
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At high speeds the weight of the reciprocating parts of the McNaught indicator prerents the piston 
from following promptly the changes of pressure; and the sudden admission and release of the steam 
induce vibration in the spring and undulations in all the lines and curves of the diagram, of such 
extent that the distribution of the steam is not shown satisfactorily; and the period of vibration 
being rarely a factor of the period in which the stroke is performed, the area of the diagram also 
becomes inc6rrect, so that the power cannot be accurately a8cej:tained. The first attempt to remedy 
this diflSculty was made in the Gooch indicator for use on locomotives, in which the motion of the 
pencil cotnpared with that of the piston was multiplied by a lever. This enabled a stififer spring to 
be used for the same scale or diagram, and the momentum of the parts was so reduced that smooth 
diagrams were obtained at the highest speeds. The objection was.that the pencil moved in the aic 
of a circle, which distorted the diagram and caused difficulties in measuring it correctly. 

Th6 Richards Indicator .—The indicator now in general use was invent^ by Mr. Charles B. Rich¬ 
ards of Hartford, Conn. It was first brought prominently to public notice at the International Exhi¬ 
bition of 1862 in London. An exterior view of the instrument is shown in Fig. 2411, and a sec¬ 
tional view of the cylinder In Fig. 2412. The piston has only one-fourth of the movement of the 
pencil, and connects to the latter through a simple parallel motion, as clearly shown in the drawing. 
This instrument gives accurate indications at either slow or high speeds. Jhere are no undulations 
on the diagrams except at high speeds, in which case they are limited in extent and confined to the 
. early part of the stroke. In the McNaught indicator there was difficulty in applying the pencil to 
the paper when the former was in motion. In the Richards instrument the parallel-motion levers 
are secured to the curved arms K attached to a sleeve turning on the case of the instrument, so that 
the pencil t/, carried by the link connecting the levers, may be moved freely to- and from the paper 
on the drum A A, without handling the parts in motion. 

T}\je llumpeon Indicator .—This instrument, illustrated in Fig* 2413, was patented by Mr. J. W. 
Thompson in the year 1875. It is a modified form of the Richards or parallel-motion indicator, in 

which a simpler form of parallel mo- 
^18. lion is used than that applied by Mr. 

Richards, whereby the. mass in mo¬ 
tion is still further reduced, making 
it somewhat better adapted for ex¬ 
tremely high speeds. Tlie lever car- 
r 3 ring the pencil is moved to and from 
the paper-drum by operating the han¬ 
dle attached to the arm as shown, and 
thus partially revolving the sleeve K 
on the upper part of the cylinder. 
The construction will be understood 
by examining the drawing in connec¬ 
tion with the descriptions of the other 
instruments. 

Application and Use op the Indi- 
CATOE.— ‘The cocks furnished with an 
indicator are usually provided with 
screw-threads to connect with the fit¬ 
tings of half-inch iron pipe; and, for 
short connections, pipes of that size 
are run from the clearance spaces in 
the cylinders in such manner as to 
bring tlfe indicator into an erect posi¬ 
tion. The connection should not be 
made in the cylinder passages where 
a current will pass the openings, nor 
should the opening be placed so that 
the piston will run over it. Both ends 
of the cylinder should be indicated 
either by the use of separate instru¬ 
ments, by shifting the instrument from 
one to the other, or by bringing the 
pipes together to a central T-piece to 
receive the instrument, with se'pai^te 
valves for each of the branches. When 
the pipes are more than one foot- in 
length, they should be larger than half-inch; stop-valves should be provided in each bi*anch near the 
cylinder, and a three-way cock at the junction. When a three-way cock is not used, the stop-cocks 
should be close to the T-piece, so that the double length of piece will not be filled at-each stroke. 
In all cases the pipes should be felted, as otherwise there will be trouble with water in the indicator- 
cylinder, and the diagrams will rarely be accurate. . . 

The motion is conveyed from the main piston to an indicator-drum in various ways. In condens¬ 
ing engines the cord is often attaclied directly to the air-pump levers. Engine-beams and parallel- 
motion levers often offer similar facilities. For large engines, used on sea and land, permanent 
levers arc erected and kept in motion; a pin on a lever or a hook on the end of a sliding rqd being 
arranged near the instrument for the attachment of the hook on the indicator-cord at any time. For 
the temporary application of the indicator, and on oscillating cylinders, a reducing wheel is used, 
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araular to that shown in Fig. 2414. A cord is attached to the engine cross-head and led back, paral- 
,lei with ^e piston-rod (over a leading pulley when necessary), to the larger diameter of the wheel, 
the string being kept tight and the wheel retracted by a coiled spring inside the latter; and from a 
KmiiW irheel on the side of the larger one a string is led to the indicator. Rings of different sizes 
ire sometimes provided to vary the size of the small wheel, to adapt the instrument to engines 
hiring different lengths of stroke. 

To obtain the motion from the piston of a horizontal engine, it is customary to suspend a wooden 
lerer from the ceiling, and connect it by a slot at the bottom with a bolt in the engine cross-head, as 


2415. 



shown in Fig. 2415. A link connection may be used instead of a slot and pjn. The whole apparatus 
can be satisfactorUy constructed with soft-wood boards and blocks and large wood-screws. ‘ The 
broad surface of the board at the top steadies the lever, and the smooth shank of the screw makes a 
pod bearing. The link may be connected to the lever by a wood-screw at the ‘bottom; and if there 
is DO satisfactoiy attachment to the cross-head, a block can be clamped on with wood-screws, and a 
screw inserted in the side of the same as a bearing fpr the* link. The cord to the Indicator may be 
nm horizontally from a point in the fulcrum and over a pulley to the indicator, as shown, or a block 
■eeured to the side of the lever, and a cord run diagonally to the instrument, as represented by the 
detadied view in Fig. 2415. Care should be taken that the average direction assumed by the cord be 
tt right angles to the middle position of the lef er-arm operating it; that is, the cord should be at 
right angles to the line A B in Fig. 2415. Often the lever is run horizontally to the wall or a 
tr^e. Fine wire is sometimes used instead of cord, to reduce the stretch; and it will often be 
tdrantageous to use wire for the direct portions and cord at the pulleys. Hooks arc provided to 
disconnect the cord near the instrument. ' 

Fig. 2416 shows in plan a detent sometimes applied to the Richards indicator. When the arms 
arrying the pencil are throwif back os shown, a small pawl is released, and, catching into teeth on 
the bo^m of the paper-drum cylinder, holds it. in the extreme position to which it is drawn by the 
eord. Upon moving the pencil toward the drum, a cam on the sleeve of the arm presses back the 
pawl, thus permitting the drum to continue its motion. By releasing the pawl as the cord tightens, 
the drum is put in operation without jar. This figure shows also the metallic pencil furnished by, 
Helen. Elliot Brothers with the Richards indicator, for use in connection with prepared paper. 

Iq using an indicator, the pipes sjiould be heated if possible before turning steam on ^e instru- 
Bot, and the piston should be permitted to work up and down 
for a tune before, applying the pencil to the paper. The atmos¬ 
pheric line should not be taken until after the diagram, so as 
to be sure that the whole instrument is thoroughly heated. The 
•tOM^beric line will. be below its true position if taken before 
the indicator spring is .heftted. The speed of the engine while 
the indicator is in use should be accurately ascertained. If a 
counter is attached, it is better to note its reading before taking 
the diagram, and again afterward; or the revolutions may be 
counted while inspecting the second-hand of a watch. If the 
count be commenced on the ev^n minute, the last number counted 
before the minute expires is the correct one. The steam-pres- 
nre, vacuum, and other customary data should also be not^ on 
the diagram in connection with the date and hour. 

ifmVi Continuous Indicator ,—This is an early example of a 
di» of devices designed to obtain a record of the pressure in a 
steanH^ylinder for a considerable length of time. Fig. 2417 is 
» side elevation, Fig. 2418 an end elevdtion, and Fig. 2419’ a plan 
of die apparatus* 6^ is a cock in a pipe connecting with the steam-cylindcr. H is the indicatof- 
cylinder arranged horizontally, in which, a solid piston .is accurately fitted to work steam-tight. Near 
the Doiddle of the piston-rod m, which is properly guided in a rectilinear course, is inserted the lower 
€nd of a long parabolic spring n, the other extremity of which is fixed to the summit of a standard 
It forming part of the framework of the machine, the spring being so fitted as to admit a certain 
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amount of travel of the piston in both directions. The piston-rod carries also a small pencil o, for 
the purpose of tracing the different degrees of tension of • the steam on the opening of the lower 
co(^ G, T\yo pencils pp are placed in holders fixed to the framing exactly opposite to the point at 

which .the pencil o stands when the stop-cock G is shut, to mark 
a continuous atmospheric line. A thiM * pencil which is sus¬ 

ceptible of a slight degree of vertical motion in its. socket, and 
is destined to mark the termination of each stroke, is brought 
into contact with the paper by placing the instrument, so that 
the working-beam, cross-head, or any other rigid part of the 
engine may touch lightly at the end of the stroke tho top of 
an upright rod w. Which is connected by a system of levera rat 
with the top of the pencil q. A continuous band or roll of 
paper may be subjected to the action of this machine for an 
indefinite period, so as to produce diagrams representing the 
action of the engine during successive strokes. The r<^ of 
paper is first wound upon the cylinder Z, by means of the han¬ 
dle y ; it is then passed over the three small rollers vvv placed 
to oppose the pressure of the pencils, and is received upon the 
cylinder M situated at the opposite end of the framing Q Q. 
The axis of this latter cylinder is produced on one side so as to 
form also the axis of a conical pulley Or fusee AT, opposite to 
which is situated a cylindrical drum O, which receives a uni¬ 
form motion from any rotating part of the engine to be oper¬ 
ated on, by means of a wonn-wheel w on its axis, gearing with 
an endless screw on the axis of the pulley F. The cylindrical 
roller O communicates motion to the conical roller by a cord 
wrapped round both, and fastened at 
opposite- extremities of each. The 
object of this arrangement is to com¬ 
pensate for the increased surface ve¬ 
locity due to the increased diameter 
of the cylinder M as the paper is 
wound on to it, by imparting to it a 
proportionally retarded motion: 

The method provided in the above 
apparatus for operating the band of paper from a rotating part of the engine will not give accurate 
results, as the pressures in the cylinder do not represent the rotative efforts on the crank-pin. The 
paper should be propelled in a scries of steps, so to speak, by a motion derived from that of the 

main piston, as has been done in other 
apparatus for a similar purpose. * 
AthUm and Storey's ^eam-Power Me¬ 
ter or ConUnwms Indicator ,—A section 
through the case of this instrument is 
shown in Hg. 2420. A is the indicator- 
cylinder, the ends of which are connect¬ 
ed to the ends of the cylinder of the en¬ 
gine through pipes in continuation of a 
and h. The indicator-piston is double¬ 
acting, and is controlled by a spring E 
in the. usual way. The piston-rod car¬ 
ries up and down with it an integrating 
disk X>, with an attached long pinion 
the disk and pinion being free to resolve 
on the rod between the collars shown. 
F is a motion-disk, adjusted in its bear¬ 
ings to press lightly against the inte¬ 
grating disk D, A rotary motion alter¬ 
nately in opposite directions is given to 
disk Z’ by a connection to the main pis¬ 
ton. When the cocks in connections are 
shut and the atmosphere admitted to 
both sides of the indicator- 
piston, the integrating disk 
D bears at the centre of the 
disk and receives no mo¬ 
tion therefrom. When the 
connections are opened, the 
indicator - piston will move 
upward, when the excess of 
pressure is on the bottom, 
carrying up the disk i), which will receive motion from the disk F proportioned to the distance it is 
moved above th*c centre of the latter. When the excess 6f pressure is on the top of the indicator- 
piston, the disk D is carried below the centre of the disk F^ and at that tin»c the direction of the 
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mtin mston will have been reversed; so the movement of the disk F will also be reversed, and the 
disk n receive motion proportioned as before to its distance from the centre of hut in the same 
Predion as before. The motion of the disk D is imparted through the long pinion £ to a toothed 
wheel Cy which operates the indices of a recording apparatus not shown. The principles of the 
operatioD of int^rating apparatus of this character are explained in the article Dtnamometebs. 



A very accnrate estimate of the average power developed by marine engines may be obtained by 
fixing the cutoff, taking indicator diagrams at intervals with different steam-pressures, ascertaining 
aocorately the average steam-pressures by diagrams from a recording gauge (see Gaugj^ Steam), or 

frequent observations of a common gauge, then calculating the average relation between the 
imtial and mean pressures of the diagrams, and applying the same ratio to find the average mean 
pressure from the aver^ steam-pressure. 

Speed-Indicators. —Two types of apparatus are available to indicate speed. In the first type an 
index shows on a scale the speed at the time, and varies its position with the velocity. This is 
retdily accomplished by connecting the index with the slide of an ordinary conical pendulum or 
goremor for stationary machinery, and with any of the forms of marine governor when applied to a 
vehicle. A common high-speed centrifugal governor, acting against the resistance of springs, is quite 
sufficient when care is taken to proportion the springs so that the balls and slide will take different 
podtkms at different speeds. Apparently overlooking this simple arrangement, prominent manu- 
fscturers have used a governor to operate a valve regulating a supply of water under pressure to an 
ofdinary pressure-gauge, which thereby indicated changes of spc^, but in a ratio different from the 
sctual changes, wMch would not have been the case had the governor-slide been attached directly to 
the index and the remainder of the apparatus omitted. Spe^-indicators have also been made with 
bent glass tubes, in which the level of the mercury was varied by centrifugal force. 

In other apparatus a similar result is accomplished in a complex manner by differential mechan- 
um, in which the difference between the speeds of the machine tested and of a timepiece varied the 
positioD of an index on the scale. 

The second type of apparatus is based somewhat on the principle of the chronograph. A belt of 
paper is connect^ to move at a rate proportioned to that of the vehicle or machine, and marks are 
on the same at regular intervals by electrical or mechanical connection with a timepiece, the 
distances between the dots representing the velocities during that period. 

W}fUu?s ReeortUng Speed-Indicator is designed to record the speed of trains on railroads. A band 
of paper on a drum is propelled by gearing connected with the axle of a car, and a pencil is traversed 
longitudinally of the cylinder once an hour by clockwork. A stop of the train therefore is indicated 
by a line pandlcl with the axis, and for varying speeds the inclinations of the lines vary. The strip 
of paper is ruled with longitudinal lines representing minutes of time, and with transverse lines 
repreMting distance—that is, miles or quarter miles. The paper has also printed on it the names 
of the stations at such distances as they occur according to the scale. In some cases the grades and 
arres are also printed on the slip. 0. £. £. 

INDUCTION COIL. See Electric Machines (Static). 

INERTIA. See Dynamics. 

INJECTORS. An injector is an instrument used principally for forcing water into a boiler. By 
itt agency, a gas issuing from a reservoir under a high pressure not only acquires velocity enough to 
it back again throng another opening into the same reservoir, but it also transports back 
vHb it several times its weight of water. li^en it is considered that the steam which leaves the 
boiler under a high pressure with great velocity is condensed en route^ and reenters the boiler as 
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water at a greatly reduced volume, the principles which govern the machine appear clear. Thus, if 
an opening one inch in area be made in a boiler carrying 16 lbs. pressure above the atmosphere (80 
lbs. above zero), if there is no reduction by friction, the steam will issue from it with a velocity of 
approximately 1,440 feet a second; and the steam which would issue from this opening would be 10 
cubic feet in a second, which would weigh two-thirds of a pound. When this steam is condensed to 
water, it maintains its velocity, but is ^uced in volume from 10 cubic feet to of a cubic foot; 
or in other words, the stream of steam of one inch area, which issued from the boiler with a velocity 
of 1,440 feet a second, would be reduced to a stream of water of an inch in diameter, having the 
same velocity, 1,440 feet per second. The laws of hydraulics show that water will issue from a ves¬ 
sel under a pressure of 15 lbs. per square inch with a velocity of 46 feet per second, and that any 
stream having a greater velocity than 46 feet, if directed against an orifice in the vessel, would enter 
the vessel notwithstanding the pressure of 16 lbs. in the vessel. The jet of condensed steam has a 
velocity of 1,440 feet, or more than 30 times that necessary to reenter the boiler. Its velocity may 
be reduced by allowing it to mix with nearly 900 times its weight of water, and the mixture will still 
retain the velocity necessary to reenter the boiler. In the case of the injector, the same water which 
serves to condense the steam mingles with it and enters the boiler as the feed. These figures are 
reduced in practice by the friction of the sides of the orifices. The amount of water in excess which 
the steam can carry back is very much less than 900 times its weight in practice. This arises mainly 
fyom the friction of the jets. The friction of the sides of the dis&arge orifice reduces the velodty of 
the issuing stream to six-tenths of the theoretical velocity, and that of the receiving orifice to six- 
tenths of the remainder, making a total reduction to nearly one-third of the original, or about 600 
feet a second, the friction of the pipes and bends reducing it still more. In practice, therefore, 
the velocity of the issuing steam would be 900, and of the entering stream would need to be 70 feet 
per second. The relative amounts of steam and water then become as 900^ + 70’ = 160. The 
steam then may mingle with 160 times its weight of water, raising its temperature from 100’’ to 
109®, and still retain velocity enough to force the mixture back into the boiler. If the supply of 
water is reduced, the entering stream becomes hotter and hotter, until a temperature is reached at 
which all of the steam is not condensed; at this point the injector ceases to work. The final tem¬ 
perature of the mixture of steam and water, at which some of the steam escapes without being con¬ 
densed, is much less than 212®. 

The general features which may be found in all varieties of injectors are represented in Hg. 
2421, which is thus explained: ** It consists of a pipe A for the admission of steam, which, escaping 

through the nozzle C at a high ve¬ 
locity, is joined by water, which, 
flowing in through the pipe B, and 
passing around the end of the noz¬ 
zle Cf mingles with and condenses 
the steam in the conical pipe 2>, 
and is driven through the pipe IT 
and check-valve / into the boiler; 
excess of steam or water, from 
want of adjustment, escaping by 
the outlet B F and pipe O, The 
parts shown arc common to all forms of injectors, under various shapes and modifications, and have 
been named—C, receiving-tube; D, combining-tube; /T, delivery-tube; /, check-valve: EF^ over¬ 
flow ; and overflow nozzle. During the passage of the water from D to J7, it is driven across the 
space F, If too much water is being supplied to the steam, some water may escape at this point and 
flow out through the overflow nozzle O ; while if there be too little water, air will be drawn in at 
O and carried into the boiler with the water.*’ 

The chief differences between the various injectors in the market consist in the relative proportions 
of the parts, and in the means employed for changing these proportions, either automatically or oth¬ 
erwise, so as to adapt the instrument to variation of steam- or water-supply. Many injectors, also, 
are provided with lifting attachments, to enable them to raise and deliver water from lower levels. 

A series of injector trials, probably the most important and extended ever made, were oonducted 
in May, 1879, by Park Benjamin’s Scientific Expert OflBce of New York, with the object of obtaining 
new and reliable data rogaiding the performances of these machines expressly for the present wort 
Tests were made of three forms of Sellers injectors and of the Hancock inspirators, these instru¬ 
ments having already given notably good results under conditions of actual use. Reports of both 
series of trials are given in full below. The experiments were undertaken with a view to sub¬ 
mitting the injectors to the most thorough trials that could be devised, in order to cover all condi¬ 
tions occurring in practice. 

The Sellers Injectors. — Report of Tests conducted by Park BenjamirCe Scientific Expert OMce^ 

May^ 1879, at the Works of Messrs, W, Sellers d: Co,^ Philaddphia, Trials in charge of RicHard 
H, Bud, C, E. 

Preparations and Conditions. —^The supply-water for the injectors was delivei^ through a pipe 
in such a manner that it could be run into a tank elevated above the level of the injector into a tank 
below this level, or could be admitted directly to the injector under the pressure in the main, as 
desired. It could also be drawn directly from the pipe or through a Worthin^on water-meter. 
Both the supply and delivery pipes connected with the injector were provided with cups through 
which water was allowed to escape from these pipes, and in which a thermometer could be placed 
for the purpose of ascertaining the temperature of the feed and delivery water. The steam-supply 
pipe leading to the injector was provided with a throttle-valve, for the purpose of redudng the 
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steam-pressure when desired; and a sensitive pressure-gauge was connected to the steam-pipe 
between the throttlc-yalve and the injector. This same pressure-gauge could be connected with 
the deliverj-pipe between the injector and the check-valve of the boiler, so that it could be used 
to indicate die water-pressure by closing the valve in the pipe connecting the gauge with the 
steam-pipe, and opening the valve in the pipe connecting the gauge with the delivery-pipe. The 
delivery-pipe was connected directly with the feed-pipe of the boiler that supplied steam to the 
injector, a^ there was a safety-valve in the delivery-pipe (which could be loaded to any desired 
pressure) between the injector and the check-valve of the boiler. A large Harrison boiler, having 
49 square feet of grate-surface, and consisting of 1,088 cast-iron spheres, each 8 inches in diameter, 
was used to furnish steam for the experiments. The boiler was managed by an exceptionaliy expert 
fireman, who maintained the steam-pressure at any point required without sensible variation. The 
water-supply pipes were so arranged that by heating water in the elevated tank previously mentioned 
(which could be done by blowing live steam into the tank, or feeding hot water into the tank by the 
mjectorX cold water could be mixed with this in any desired proportion, in the pipe connecting the 
tank with the supply-pipe of the injector, so that the highest temperature of fe^-water admissible 
could readily be determined. 

A scaffolding was constructed on the roof of the testing-room, and steam, supply, and delivery 
pipes were provided, for connecting the injector at a considerable elevation above a portable tank in 
the tesdng-room, for experiments with lifts greater than could be measured when the injector was 
used on the lower level. The supply-pipe for high lifts was made in sections, so that the lift could be 
readily varied. A sensitive chemic^ thermometer was used for measuring temperatures, and this 
was tested by being placed in boiling water and in melting ice, and found correct at these two points. 
The water-meter was also carefully tested by running water through it at various rates into a tank 
of known capacity. It was found that the readings of the meter were somewhat in excess, the re¬ 
sults of a number of trials at various rates giving an actual delivery of 45.4 cubic feet for a delivery 
as indicated by meter of 46.3 cubic feet; so that the proper correction for delivery was made by 

45 4 

multiplying the readings of the meter, in every instance, by —^ =: 0.981. 

46.3 

The Injedon, —Three patterns of injectors were tried in these experiments, smd descriptions of 
each, with results obtain^, are append^. All the injectors had the same numerical size. No. 6, the 
number indicating that the smallest diameter of the delivery tube was 6 millimetres or 0.2362 inch. 
This dimension was carefully measured in the case of each injector. 

The general features of the injectors used in these experiments cover, with the exception of special 
details of construction, nearly all the varieties in the market; illustrating— 



1. The injector with automatic adjustment of combining-tube and water-supply, in connection with 
a lifting attachment; 

2. The non-adjustable injector with fixed nozzles, non-lifting; 

A The non-adjustable injector with fixed nozzles, in connection with a lifting attachment. 

instruments have, however, some special details of construction, as will appear by the de- 
Mripcioos that follow. 

1. The Seif-Adjutiing 1876 Injector ,—An elevation of this injector is shown in Fig. 2422, and a 
■ectkaial view in Fig. 2428. The injector is self-contained; or in other words, it has both steam 
ud check valves, so that it can be connected directly without other fittings, although of course it is 
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generally desirable to place another stop-valve in the steam-pipe, and a check-valve in the delivery- 
pipe, BO that the injector can be taken to pieces or disconnected at any time. Another important 
feature of this injector is, that it is operated by a single handle, and that the waste-valve is only 
open at the instant of starting. 

Referring to Fig. 2423, A is the receiving-tube, which can be closed to the admission of steam 
by the valve JT. A hollow spindle passing through the receiving-tube into the combining-tube is 
secured to the rod and the valve AT is fitted to this spindle in such a way that the latter can be 
moved a slight distance (until the stop shown in the figure engages with valve AT) without raising 
the valve AT from its seat. A second valve IT, secured to the rod has its seat in toe upper side 
of the valve AT, so that it can be opened (thus admitting steam to the centre of the spin^e) with- 
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out raising the valve AT from its seat, if the rod B is not drawn out any farther, after the stop on 
the hollow spindle comes in contact with the valve X, D is the delivery-tube, O an overflow open¬ 
ing into space (7, K the check-valve in delivery-pipe, and PR the waste-valve. The upper end of 
the combining-tube has a piston NN attached to it, capable of moving freely in a cylindrical portion 
of the shell and the lower end of the combining-tube slides in a cylindrical guide formed in 
the upper end of the delivery-tube. 

The rod B is connected to a cross-head which is fitted over the guide-rod c/) and a lever AT is secured 
to the cross-head. A rod L attached to a lever on the top end of the screw waste-valve passes throu^ 
an eye that is secured to the lever H; and stops T, Q control the motion of this r^, so that toe 
waste-valve is closed when the lever H has its extreme outward throw, and is opened when the lever 
is thrown in so as to close the steam-valve AT, while the lever can be moved between the positions of 
the stops P, Q without affecting the waste-valve. A latch V is thrown into action with teeth cut in 
the upper side of the guide-rod </, when the lever AT is drawn out to its full extent and then moved 
back; and this click is raised out of action as soon as it has been moved in far enough to pass the 
last tooth on the rod J, An air-vessel is arranged in the body of the instrument, as shown in the 
figure, for the purpose of securing a continuous jet when the injector and its connections are exposed 
to shocks, especially such as occur in toe use of the instrument on locomotives. 

The manipulation required to start the injector is exceedingly simple—much more so in practice, 
indeed, than it can be rendered in description. Moving the lever H until contact takes place between 
valve X and stop on hollow spindle, which can be felt by the hand upon the lever, steam is admitted 
to the centre of toe spindle, and, expanding as it passes into the delivery-tube D and waste-orifice P, 
lifts the water through the supply-pipe into the combining-tube around the hollow spindle, acting 
after the manner of an ejector or steam-siphon. As soon as solid water issues through the waste- 
orifice P, the handle H may be drawn out to its full extent, opening the steam-valve X and closing 
the waste-valve, when the action of the injector will be continuous as long as steam and water are 
supplied to it. 

To regulate the amount of water delivered, it is necessary only to move in the lever H until the 
click engages any of the teeth on the rod /, thus diminishing the steam-supply, as the water-supply is 
self-regulating. If too much water is delivered, some of it will escape through O into C, and, pressing 
on the piston NNy will move the combining-tube away from the delivery-tube, thus throttling the 
w'ater-supply; and if sufficient water is not admitted, a partial vacuum will be formed in C, and the 
unbalanced pressure on the upper side of the piston NN will move the combining-tube toward the 
delivery-tube, thus enlarging the orifice for the admission of water. From this it is evident that the 
injector, once started, will continue to work without any further adjustment, delivering all its water to 
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the boQer, the waste-valve being kept shut. By placing the hand on the starting-lever, it is easy to 
tell whether or not the injector is working; and if desir^ the waste-valve can be opened momentarily 
bj poshing the rod JL^ a knob on the end being provided for the purpose. 

EtperimaUt with the Self-Adjiteiinff 1876 Injector. —In the experiments made with the mjector 
descnbed above, a No. 6 instrument was employed, selected at random from a lot in stock. It was 
run for considerable intervals of time at pressures varying by 10 lbs. from 10 to 160 lbs. per square 
inch, the manipulation described above being observ^ in each instance; and at all pressures the 
adjustment of the water-supply was perfect for all positions of the starting-lever, within the capacity 
of the instrument. 

Table I. shows the results of the experiments on delivery of injector, temperature of delivered water, 
and other particulars, which are fully detailed in the general heading and in the several columns. For 
each pressure of steam noted in column 1, the water was deliver^ by the injector into the boiler 
under approximately the same pressure. The delivery was measured by observing the indications of 
a water-meter, and correcting the readings as already described, meter-readings &ing taken at fre¬ 
quent interrala, and each experiment being continued for a eufScient length of time to obtain a num¬ 
ber of duplicate readings for equal intervals. The pressures in column 8 were obtained by throttling 
the steam supplied to the injector, and observing the pressure at which it ceased to work, each experi- 
meat beii^ repeated several times with precisely the same results. The temperatures in column 9 
were obtained by gradually heating the water supplied to the injector, and noting the temperature at 
whidi it ceased to operate, each temperature recorded being check^ by seve^ repetitions of the 
experiment 

Tisu L— Maxhnum and Minimum Delivertf of the Self-adjustino 1876 Injector^ No. 6 / Temperature 
of delivered Water^ Preesure a^nst which Injector delivers Water, arid highest Tenwerature ad~ 
mUtible of Feed. Water flowvng to Injector under 16 Inehes Head. Waste-Valve shut. 
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l^le H. shows the performance of the injector when lifting water 5 feet The injector, as ordi- 
urily constructed for use with high-pressure steam, has a spindle with a hole which is rather too 
email for low pressuree; so that a spindle with a larger opening was attached in all but the last expe- 
niMt, when the high-pressure spindle was replaced. The low-pressure spindle was such as is fitted 
in injectors designed for use on steamboats and other places where the pressure is ordinarily less than 
that carried in locomotive boilers. 

Tabu H. —Jfaximum and Minimum Delivery of the Sdf-adjueting 1876 Injector^ No. 6/ Tem^a- 
tare of delivered Water^ and Pressure against which Injector delivers Water. Feed-Water lifted 
5 Feet. Waste-Valve dosed 
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To obtain the vacuum in the supply-pipe, as recorded in Table III., a short supply-pipe was used, 
having a vacuum-gauge connected to it, a globe-valve at the lower end of the pipe ^ing immersed in 
a tank of water, so that the injector and supply-pipe could be heated by blowing steam through the 
supply-pipe, and could be cooled quickly to ordinary temperature by allowing the injector to draw 
water ^m the tank. 

Table III.— Vacuum in the Supply^Pipe of the Sel/-adjuetinff 1876 InjectoTy iVb. 6. 



Experiments were then made to determine the steam-pressure required to lift water and start the 
injector, for such lifts as could conveniently be obtained in the testing-room, by throttling the eteam 
until the lowest pressure at which the injector would start was ascertained. Using the high-pressure 
spindle, the pressure required for a lift of 3 ft. 4 in. was 38 lbs. per square inch ; and for a lift 
of 6 ft., 47 lbs. per square inch. Lifting with this pressure, the injector delivered water against a 
pressure of 75 lbs. per square inch. 

Having started the injector with a pressure of 47 lbs. per square inch and a lift of 5 ft, the steam- 
pressure was gradually reduced, and the injector continued to deliver water until the steam-pressure 
was 10 lbs, per square inch, the water-pressure being 17 lbs. per square inch. Using the low-pres¬ 
sure spindle with larger hole, the steam-pressure required for a lift of 6 ft was 30 lbs. per square 
inch. The injector and supply-pipe were then heated by blowing steam into the tank, and, with a 
steam-pressure of 150 lbs. per square inch and a lift of 4 ft., the injector was started in 3 seconds 
from the time of touching the starting-lever. 

Lifting water 5 ft., the highest temperature of supply-water with which the injector would start 
was as follows: With the high-pressure spindle and a steam-pressure of 120 lbs. per square inch, 
highest temperature of supply-water, 123"*; 90 lbs., 180°; 60 lbs., 129°; and using the low-pressure 
spindle, at a steam-pressure of 80 lbs., 101°. 

Experiments on the least pressure with which the injector would start, the water flowing to it under 
15 inches head, resulted as follows: 

With a free discharge through safety-valve in delivery-pipe, equivalent to a water-pressure of 5 lbs. 
per square inch,.the least steam-pressure with which the injector would start was 7 lb& per square inch. 

Discharging into the boiler against a pressure equal to that of the steam, the least steam-pressure 
with which the injector would start was 8 lbs. per square inch. 

When the injector was started, delivering water against a pressure of 5 lbs. per square inch, the 
steam-pressure was reduced by throttling to one half pound per square inch before the injector ceased 
to work. 

Lifting 5 ft. with a steam-pressure of 120 lbs. per square inch, and a supply-pipe having one end 
free, the supply-pipe was violently shaken for the purpose of stopping the injector if possible. It was 
found that this could be done, but only by a peculiar shock of great violence—^much more violent, in 
fact, than would ever be likely to occur in practice. 

Finally, the amount of water wasted in starting the injector was carefully measured, the average of 
a number of trials being 36 cubic inches, or about 1^ U. S. pint. 

2. The Non^Adjiutahle Injector with fixed Nozdes^ norUifting^ Figs. 2424 and 2425.—^The No. 6 in¬ 
jector of this variety with which experiments were made looks externally like a cylindrical casting, 
open at one end for connection with the steam, with two openings in the shell on opposite sides for 
connection with supply and delivery pipes, and a waste-valve which can be turned radially so as to dis¬ 
charge in any desired direction, and can be shifted so as to diseharge on either side of the shell. 
There is a cap on the other end of the shell, and when this is removed the delivery and combining 
tubes can be drawn out for examination. The external diameter of this injector is 70 millimetres, 
or 2.8 in., and the total length 219.5 millimetres, or 8.6 in. It is apparently about as compact as 
such an instrument can well be made. Indeed, considering the appearance of injectors as ordinarily 
constructed, this instrument might rea dily be mistaken for a steam-fitting. In its action, however, 
as will be seen by reference to Table Iv., it compares very favorably with larger and more com- 
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pUcated injectors. This injector, being non-adjustabie, and having no valves attached to it, requires 
a check-valve in the delivery-pipe, a steam-stop valve, and a valve to regulate the amount of water 
supplied. The latter valve is necessary, because this injector, like all others having fixed nozzles, if 
not supplied with the proper amount of water for the steam-pressure under which it is working, 
will leak at the waste-valve when the water-supply is too great, and will draw in air if the water- 
supply is insufficient. This was'fully proved by experiments in which, the injector being adjusted 
for nmiimum delivery under one pressure, the pressure was then varied, with the results just noted. 
It will be observed in Table IV. that the experiments on minimum delivery were made under two 
conditions in several instances—with the waste-valve both open and closed. In ordinary practice, 
where the steam-pressure is not maintained sensibly constant, it is not considered desirable to work 
the injector with the waste-valve dosed. 


Tabu FV.— Maximum and Minimum Ddivery of ike Fixtd-Noxde^ Non4iflina Injector^ No, 6 ; 
Temperature of delivered WateVy Freuure againat tohich Injector ddivere Watery and Highest 
Temperature wimissihle of Feed- Water, Water flowing to Injector under 16 Inches Head, 
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The manipulation of this injector, although not as simple as that of the ** 1876 ^’instrument, 
presents no especial difficulty. It is necessary to open the water-supply valve sufficiently to deliver 
about the maximum amount of water that the injector can take at the given pressure, and, the waste- 
valve being open, as soon as the water escapes freely through the waste-orifice, to open the steam- 
valve slightly, until the jet is established, and then to open the steam-valve wride, by a quick motion. 
A special valve is provided, as illustrated in Fig. 2427, for facilitating this manipulation. 



Another important difference between the injector with fixed nozzles and the self-adjusting injector 
b illustrated by comparing the maximum delivery of the two injectors, at different steam-pressures, as 
recorded in column 2 of Tables I. and IV. respectively. It will be seen that the maximum delivery 
of the self-adjusting injector increases continually with increase of steam-pressure, while the fixed- 
nozzle injector has a mftTimum delivery at a steam-pressure depending upon the proportions of the 
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combining-tabe, which is greater than the maximum delivery for any other steam-pressure, cither 
higher or lower. Thus, it appears from Table IV. that, using a combining-tube adapted for a pres¬ 
sure of 70 lbs. per sq. in./the greatest amount of water is delivered by the injector at this pressure; 
and that on replacing this combining-tube by one adapted to a steam-pressure of 120 lbs. per sq. in., 
similar results are obtained—the amount of water delivered by the injector, in each instance, 
decreasing as the steam-pressure is increased beyond the point for which the combining-tube is pro¬ 
portioned. This is true of all injectors with fixed nozzles, so that the self-adjusting injector pos¬ 
sesses advantages apart from the ease with which it adapts itself to varying steam-pressure and 
water-supply. Still, there are many localities where injectors can be work^ under practically con¬ 
stant conditions, and for such situations the non-adjustable injector is well adapted; while the sim¬ 
plicity of this particular form, and the ease with which its internal parts can be examined and 
removed, will doubtless prove strong recommendations. 

Although this injector has no lifting attachment, it can be made to lift water when once started 
under a head in the supply-pipe. This was illustrated by starting the injector with a steam-pressure 
of 22 lbs. per sq. in., the water flowing to it under 15 inches he^, and then suddenly changing the 
connections so that the supply was obtained from the lower tank with a lift of 3 ft., the injector oon- 


2426. 



tinuing to deliver water under these conditions. This action is probably the same as that of a siphon, 
which will continue to work when once charged, but cannot start unless the pipe is first filled. 
There being a vacuum at some point of the delivery-tube when the jet is established and the injector 
is at work, this acts in a similar manner to the long leg of an ordinary siphon, and the flow continues. 
8. The Ncn-Adjuetable InjeetoTy voith Jixed Nozeles^ in eonnedion with a Li/Hng AUachment^ Figs. 


2427. 



2426 and 2427.—Attached to one side of this injector is an ejector or steam-siphon which draws 
water, when lifted by the admission of steam, through the combining-tube, and discharges it through 
the orifice of the lifting attachment, through which also the waste-overflow takes place. This injector 
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has» check-valve connected to it, also a steam-stop valve which can be opened wide by half a revo¬ 
lution of the lever on the stem. In connecting the injector, since it has fixed nozzles, a water-supply 
Tilre must be provided, and, as already remarked, a second check-valve in the delivery-pipe and 
another steam-stop valve are desirable. 

In starting this injector, steam is first admitted to the lifting-nozzle, the water-supply valve being 
•djosted so as to deliver about the maximum amount of water corresponding to the steam-pressure; 
and as soon as solid water issues from the lifting-nozzle, the steam-valve is to be opened slightly 
unfil the jet is established, when the full steam-pressure is to be admitted, and the valve that admits 
steam to the lifting-nozzle is to be closed. 

Some little dexterity is required to start the injector for a maximum lift, but the manipulation is 
readily acquired. As the velocity of steam escaping from an orifice varies greatly with the pressure, 
other things being equal, the lifting-nozzle must have proportions depending on the minimum steam- 
pressure to be employed, since it can readily be adapted to higher pressures by partially closing the 
steam-admission valve. The lifting-nozzle on tha injector with which the following experiments were 
made was proportioned for a minimum steam-pressure of 60 lbs. per sq. in.; and it was found that 
the results obtained at that pressure were not materially exceeded at higher steam-pressures, while 
there was a rapid decrease in the vacuum and lift for steam-pressures below 60 lbs. per sq. in. 

Table T. shows the vacuum indicated on a gauge connect^ to the supply-pipe at different steam- 
pressures, the experiments being conducted sio^rly to those made with the 1876*’ injector. 

Table V.— Vaatum in Supply-Pipe of the Fixed-Nozde Lifting Injector^ No. 6. 
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It is considered by some that the indications of a vacuum-gauge connected to the supply-pipe of an 
injector represent the actual lift that can be obtained. The experiments made with this injector, 
however, do not confirm this opinion. For the purpose of ascertaining the maximum lift, the injec¬ 
tor was connected at the top of the scaffolding to which reference has been made, and the heights 
to which water could be lifted and delivered were carefully measured, the lifts being varied by 
chsngfng the length of the supply-pipe, the boiler-pressure l^ing also varied for each lift, until a 
iteam-pressure was reached at which the injector would raise and deliver the water. The results of 
these experinoents are contained in Table VI. It will be seen that no advantage was derived from 
bcreasixig the steam-pressure beyond 60 lbs. per sq. in., while the decrease in lift was rapidly accel¬ 
erated as the steam-pressure was reduced. It is believed there were no leaks in the supply-pipe 
Bsed in these experiments, but the greatest lift obtained is by no means an equivalent for the best 
▼Knum recorded in Table V. This suggests that records of lifts based on the indications of a 
vaconm-gauge may not be very reliable. 

Tabli VL —SUamrPreeeurt required to lift and deliver Water xoith the Fixed-Nozde Lifting Injec¬ 
tor y No. 6. 
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On the completion of the experiments just described, the lifting-nozzle was replaced by one 
adapted to a lower steam-pressure, and the injector was started with a steam-pressure of^49 lbs. per 
■qo^ inch, and a lift of 21 ft. 10 in.; after which the steam was throttled, the water-pressure being 
nmilarly reduced, the injector continuing to work until the steam-pressure was reduc^ to 7 lbs. per 
■qaare inch, the water-pressure being 10 lbs. From this it will be seen that by the aid of a priming 
attachmait the injector could be started at a much lower steam-pressure than that for which the 
hftmg-nozrie is adapted 

Ituty of Sellers Injectors .—A final note in relation to the duty of injectors, or the foot-pounds of 
work performed by the consumption of 100 lbs. of coal in the boiler supplying steam to the 
iojector, may be of interest. When the evaporation of the boiler is known, this duty can readily be 
Mput^ from the data obtained in connection with the maximum delivery of the injector. This 
can be filnstrated by an example, assuming the boiler evaporation at 9 lbs. of steam per lb. of coal, 
ft result whidi, thou^ rather above the average, is occasionally exceeded in good practice. Using 
tbe data recorded in Table L for the maximum delivery at a steam-pressure of 130 lbs. per sq. in., it 
appears that 150—66 = 84 units of heat were imparted to each pound of water delivered by the 
injector, and, the weight of a cubic foot of water at a temperature of 66® F. being about 62.8 lbs., 
^ the toul weight of water delivered per hour was 161.2 x 62.8 = 10,042.76 lbs.; so that the 
total amoont of heat imparted to the water per hour was 10,042.76 x 84 = 843,691.84 units. 
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to the other is such that the inspirator requires no adjustment for changes in steam-pressure or water- 
supply, the waste-valve being kept closed while the instrument is in operation, except at the time of 
starting. The sectional view of the stationary inspirator, Fig. 2428, will serve to explain the action 
of the instrument In this figure, A is the steam-supply pipe, connected to the steam-space of the 
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The total heat above 32** in a pound of dry steam, at a pressure of ISO lbs. per aq. in., is 1,187.8 
units, and the heat remaining in a pound of steam above 32'’, after condensation, was 150—32 = 118 
units; so that each pound of dry steam imparted 1187.8—118 = 1,069.8 units of heat to the feed¬ 


water, and the weight of dry steam required per hour was 


843,591.84 


-,-e--n--.— 1^069.8 -- 

column of water equivalent to the pressure against which the water was delivered was 


= 788.6 lbs. The height of t 

... , 144 X 130 

ras delivered was --= 

62.3 


300.5 ft., so that the useful work performed per hour was 10,042.76 x 300.6 = 3,017,049.38 foot- 

788 6 

pounds. The weight of coal required to do this work, on the assumed boiler evaporation, was —^ = 

S 017 049 38 X 100 

87.6, so that the duty of the injector, per 100 lbs. of coal, was-^- '—Eh a -= 8,466,636 foot- 

87.6 


pounds. 

The Hancock Inspirator. — ^An elaborate series of trials of this apparatus was made by Park 
Benjamin’s Scientific Expert Office of New York, to obtain new data for the present work, at the 
factory of the Hancock Inspirator Company in Boston, in May, 1879. The experiments were con¬ 
ducted by Richard H. Buel, G. E., and the report is appended. 


Report of Trials of Hancock InspiraioT, 

The Hancock inspirator differs in some important respects from the instruments commonly classed 
under the head of injectors. It consists essentially of a lifting-jet and lifting-nozzle, combined widi 
a forcing-jet and force-nozzle or injector, steam ^ing admitt^ to both of these nozzles whenever 
the inspirator is in operation, to deliver the supply-water to the force-nozzle, and to force it through 
this nozzle into the boiler. Although both the lifting- and force-nozzles are fixed, their proportion one 
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boiler; B Is the water-supply pipe; and C is the feed-pipe, to which is connected on overflow or 
vaste-pipe with waste-valve, these latter connections not being shown in the figure. D is the lifting- 
jet, E the lifting-nozzle, G the forcing-jet, and H the force-nozzle. This latter nozzle is somewhat 
tniiogous to the combining-tube of an ordinary injector. F and I are stop-valves, the first controlling 
the s^nission of steam to the forcing-jet, and the latter determining the course of the water delivered 
bj the lifting-jet. The action of the inspirator can perhaps be most simply explained in connection 
with a description of the manipulation required to start ^e instrument. In the figure, the inspira¬ 
tor is represented in operation; but when it is not working, a steam-valve in the pipe not shown, 
u closed, as is also the valve while the valve I and the waste-valve are open. Opening the valve 
m the steam-supply pipe steam is admitted to the lifting-jet drawing water through the supply- 
pipe and dis^arging it through the lifting-nozzle valve /, waste-valve, and overflow-pipe. As 
soon as water issues from the overflow-pipe, the valve / is to be closed, when the supply-water will 
pass through the force-nozzle and will escape at the overflow. The valve /'is then to be opened, 
bj moving the lever K one quarter turn, and the waste-valve is to be closed, when the water lifted 
a^ delivered to the force-nozzle H will be forced into the boiler by the steam issuing from the 
forcing-jet G. If the water-supply is to be varied, this can be effect^ by partially closing a valve 
in the supply-pipe i?, without throttling the admission of steam; or both the steam and water may 
be throttl^ if dcsii^. In practice, however, the delivery is varied by throttling the water-supply. 
Whatever changes of adjustment are made, whether of steam- or water-supply valves, within the 
cipsdty of the inspirator, the instrument will continue in operation with the waste-valve closed. 
In this respect the inspirator differs materially from fixed-nozzle injectors, which cannot be operated 
with the waste closed, under the conditions recited above. 

The principle of the locomotive inspirator, Figs. 2429 and 2480, is the same as that of the station- 
uj inspirator just described, but the arrangement is such that all the operations of starting and 
itopping can be performed by the movement of a single lever; and the instrument is self-contained, 
being r^y for attachment without the use of additional valves. A slight movement of the starting- 
lever admits steam to the lifting-jet. When water issues from the overflow, a further movement of 
the starting-lever closes one of the valves, thus turning the supply-water through the force-nozzle, 
admits steam to the forcing-jet, and closes the waste-valve, thus starting the instrument. In attach¬ 
ing this instrument to a locomotive, it is ‘usual to place a ** lazy-cock ** in the supply-pipe, by means 
of which the engine-runner can control the water-supply without changing the position of the start- 
ing4erer. 

In the tests made with the inspirator, both forms, as described above, were tried, the size of the 
instraments being No. 30, this indicating that the smallest diameter of the force-nozzle was 0.80 of 
an inch. This dhoansion was carefully checked by measurement. But one inspirator of each form, 
locomotive and stationary, was used in the experiments, and no changes of any kind were made in 
them during the trials. Some of the results of the trials are contained in Tables VII. and VIIL, 

Tablz Vn. —Ifarimum and Minimum Delivery of the Hancock Stationary Inspirator^ No, 30, liftirtg 
Water from 2 fo 8 Feet; Temperature of delivered Water ; Vacuum t« Suppty-Pipe ; ana rda- 
live Steam- and Water-Pressures under which Inspirator will deliver Water. Tempei'oture of 
Sttpply.Water, 70^ F. 
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and the manner of obtaining the quantities in the several columns will be briefly detailed. Tlie 
steam- and water-pressures were measured by gauges made by the Crosby Steam Gauge and Valve 
Company of Boston. These gauges were tested by their manufacturers immediately before the 
trial, and were certified to bo correct. The temperature of delivered water was measured by a 
thermometer inserted in the delivery-pipe, close to the inspirator. All the thermometers used in 
the tests were made by Huddleston of Boston, and were carefully tested. In determining the tem¬ 
peratures at maximum and minimum delivery, the water was forced into the boiler furnishing 
steam to the inspirator, and the results in Table VIII. and in column 9, Table VIL, were deter¬ 
mined under the same conditions. The boiler used in the experiments was of the sectional vari¬ 
ety, and quite small, the grate-surface being only 6.25 feet. Considerable difficulty was experi¬ 
enced in maintaining the steam-pressure steady when forcing water into it by the inspirator that 
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was being tested, so that, in the capadtj experiments, the results of which will be found in col¬ 
umns 2 and 8, Table VII., the delivered water was run to waste, being throttled in the delivery- 
pipe until the water-pressure was equal to that of the steam suppli^ to the inspirator. The 
use of so small a boiler, apart from its inconvenience, was decidedly unfavorable to the perform¬ 
ance of the inspirator, as considerable water was entrained with the steam, owing to the severe 
drain upon the boiler. To determine the quantity of water delivered by the inspirator, the supply- 
water was drawn from a tank which was support^ upon platform scales, and the time required to 
deliver a given weight was measured by a etop*watch, the experiments being repeated several times, 
at each pressure, in order to check the results. The vacuum in the supply-pipe was measured by 
attaching a vacuum-gauge to a short supply-pipe immersed in water, and nearly closing the water- 
supply valve. The highest admissible temperature of supply-water was measured by a thermometer 
placed in the supply-pipe, close to the inspirator, the supply-water being lifted from a barrel, and its 
temperature being regulated by mixing hot and cold water in the supply-pipe. The accuracy of this 
method of trial was also chewed by gradually heating the water in the barrel until a point was 
reached at which the inspirator would no longer work. 

Tabue VIII .—Highett Ttmperaturt admiastbU for Supply- ITafsr, lifted 2 Feet^ by the Baneoclc Sta~ 

tionary Inxpiraior^ No. 80. 
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In some further trials of this inspirator, on June 11 and 12, 1879, lifting-jets and nozzles of differ¬ 
ent proportions were used, with the following results: At a steam-pressure of 50 lbs. per square inch, 
the maximum temperature of supply-water admissible was 151*’; at 60 lbs., 146''; 80 lbs.. Id?*' ; 90 
lbs., 145"; 100 lbs., 148" ; 110 lbs., 144"; 120 lbs., 146". Experiments were also made at different 
rates of delivery; and it was found that the maximum temperature admissible for the supply-wrater 
was practically the same whether the inspirator was working with a minimum or maximum delivery. 

In addition to the experiments already described, the results of which are contained in Tables VII. 
and VIII., other trials were made, which are detailed below. 

Delivering water against a pressure equal to that of the steam, the temperature of supply-wat«r 
being 69", and the lift 2 feet, the lowest pressure at which the inspirator would start was 12 lbs. 
per square inch with a free supply, and 9 lbs. with the supply throttled Once started, and delivering 
under a free dlschaige, the inspirator continued to work as long as there was any indication of pres¬ 
sure on the steam-gauge. Delivering against a water-pressure of 5 lbs. per square inch, the inspirit 
tor continued to work until the steam-pressure was reduced to 1 lb. 

Experiments were also made to determine the time in which the inspirator could be started, when 
both the instrument and the supply-pipe were heated by allowing steam to flow through for a short 
time. With the stationary inspirator, lifting water from 2 to 8 feet, allowing steam to flow through, 
and then starting the instrument at once, without closing the steam-valve, the time required to sturt 
was 16i seconds when the temperature of the supply-water was 116", and 6^ seconds when the tem¬ 
perature of the supply-water was 76", the steam-pressure being 95 lbs. per square inch, and the 
water-pressure the same. 

Using the locomotive inspirator, with a lift of 8| feet, steam-pressure of 125 lbs. per square inch, 
water-pressure 160 lbs., and supply-water 70", the time required to start, after heating the instru¬ 
ment and supply-pipe as hot as the steam could make them, was 2 seconds. With a lift varying 
between 2 and 8 feet, and a steam- and water-pressure of 95 lbs. per square inch, it was found that 
the inspirator would start promptly (not a single failure occurring) with supply-water heated to the 
highest temperature admissible for regular working. At these moderate lifts it was found that the 
water could be taken by the lifter, and discharged at the waste orifice, at much higher temperatures 
than were admissible for the operation of the inspirator—^the temperature of the supply-water being 
raised to 195" without sensibly affecting the prompt action of the lifter. 

A number of trials were made to determine the amount of water wasted in starting the locomotive 
inspirator, and the average was 1.15 U. B. quart 

The stationary inspirator was fitted up with a supply-pipe having considerable flexibility by resumn 
of two right-angled bends, and attempts were made to stop the operation of the instrument by strik¬ 
ing and jarring the supply-pipe, the steam- and water-pressure being 180 lbs. per square inch, and 
the lift 8 feet After extraordinary exertions, the jet was broken in a single instance, and the 
inspirator stopped, but only by straining the connections to such an extent that it was considered 
unsafe to repeat the experiment. The supply-pipe was jarred by heavy blows applied at various 
points, without affecting the operation of the inspirator. 
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The Tcsnlta of the experiments in Table YII. show that the inspirator requires no adjustment for 
dianges in steam^pressure and water-supplj; and a further experiment was made by simultaneously 
redu^g the steam* and water-pressure from 160 to 2^ lbs. per square inch, keeping the waste- 
Tslre closed, without adjusting either the steam- or water-supply. This experiment affords addi¬ 
tional proof in regard to the adaptability of the instrument to varying conditions of pressure. 

After completing the experiments already described, the stationaiy inspirator was connected 26 
ft. above a tank, and was started, with a steam-pressure of 60 lbs. per square inch, delivering 
against an equal water-pressure. I^e water-pressure was then increased to 80 lbs. per square inch 
b^ore the inspirator ceased to work. The temperature of the delivered water in this experiment 
was 166°. Again starting the inspirator at 26 ft. lift, and steam- and water-pressure of 60 lbs. 
per square uuh, these pressures were gradually reduced, and the inspirator continued to operate as 
long as there was any indication of pressure in the steam-gauge, the water-pressure being 2^ lbs. per 
square inch. 

The inspirator is sometimes used to elevate water into tanks, using the lifting-jet only. With a 
lift of 26^ ft., the temperature of the delivered water was only increased from 7(r to 83°. 

Experiments were also made upon the ease of starting the inspirator at a lift of 26 ft. With the 
inspirator and supply-pipe at ordinary temperature, the time required to lift the water was 10^ 
seconds; and to start the instrument, the steam- and water-pressure being 60 lbs. per square inch, 
the time required was 21| seconds. The inspirator and supply-pipe were then heated by blowing 
through, and water was lifted in 48^ seconds. These trials, together with those made at low lifts 
fueviously detailed, show the remarkable promptness of the instrument in starting, under all condi¬ 
tions within its capacity. 

The lifting-jet used in these experiments was proportioned for a steam-pressure of 60 lbs. per 
square inch ; and to show the range of this jet, after the inspirator had b^n started on a 26-ft. 
lift, the steam- and water-pressure were simultaneously increased to 80 lbs. per square inch before 
the jet broke. Reducing the lift to 24 ft., the steam-pressure required to start against an equal 
water-pressure was 46 lbs. per square inch, and the range was considerably increa^, the steam- 
and water-pressure being varied to 100 lbs. per square in^ before the jet broke. With a lift of 24 
ft, and steam- and water-pressure of 60 lbs. per square inch, the water in the supply-pipe was 
heated to 117° before the inspirator ceased to work. 

On June 11, 1879, some experiments were made with a stationary inspirator. No. 20, at higher 
fiftt than had l^n previously employed. The lifting-jet used was proportioned for a steam-pressure 
of about 60 lbs. per square inch, at a maximum lift; and the results of the trials are appended. 
For a lift of 26 ft 7 in. the steam-pressure required to stort the inspirator was 60 lbs. per square 
inch, and the time employed in starting was: From time of opening steam-valve to lifting water, 10 
seconds; and from time of opening steam-valve until inspirator was in operation with a water-pres¬ 
sure equal to that of the steam, 38 seconds. After the inspirator was started the water-pressure was 
mcieaaed to 95 lbs. per square inch, the steam-pressure being 60 lbs., before the jet broke. The lift 
was then increased to 27 ft, and the inspirator lifted water in 11 seconds with 63 lbs. of steam, and 
delivered water against a pressure equal to that of the steam in 62f seconds. The water-pressure 
was then increased to 96 lbs. per square inch before the jet broke; and to show the range of this 
particular lifdng-jet, the steam- and water-pressure were simultaneously reduced to 10 lbs. per square 
inch, and then increased to 70 lbs. before ^e inspirator ceased to operate. 

Tn IxjKcroB, comsidkred as a Pumping Engine, is not an economical machine, as will appear 
from the calculations on page 169. As a boiler-feeder, however, it is more economical than a 
•team-pump, when cold feed-water is used, since, although but little of the heat of the steam is con¬ 
verted into useful work, nearly all the remainder is returned to the boiler with the feed-water. In 
its present improved form, the injector is rapidly superseding the pump on locomotives, and to a conp 
admble extent on stationary and steamship boilers also. 

INSULATORS. See Telxgeaph Appaeatcs. 

IRONCLAD VESSELS. See Armor. 

IRONING MACHINE. See Laundrt Machinery. 

IRON-MAKING PROCESSES. The various processes of iron-making, by which is here under- 
•tood the production of wrrought iron from iron ore, are divided into two classes, the direct and the 
indirect llie direct processes are those in which the ore is converted in one or more operations 
into wrought iron, without being first converted into cast iron. The indirect processes are those in 
whidi the ores are first smelted in a blast-furnace, forming pig iron or cast iron, and the pig iron is 
then converted by a subsequent process into wrought iron. For the method of making cast iron, 
■ee Fcxxace, Blast, and Fcrkacb, Cupola ; for other subjects more or less directly related to iron- 
naking, see Forge, Forging, Furmaobs, Habimers, Punching and Shearing Machinery, and Steel. 

In the blast-furnace, iron ores—containing oxygen in combination with the iron, together with vari- 
m earthy impurities—are first deoxidized, and the impurities are then removed by fiuxing. The 
boa b then impregnated with from 2 to 6 per cent, of carbon, a smaller percentage usually of sili- 
mo, and still smaller percentages or traces of other impurities, as sulphur and phosphorus; then 
acM and run out of the furnace in the shape of pig iron. In the subsequent conversion of pig 
ban into wrought iron, the carbon, silicon, and other impurities are removed, and the resulting pro- 
daet, wrought iron (sometimes called malleable iron, also weld iron), consists of iron with very small 
proportioiia of impurities. The methods by which this conversion is accomplished include what 
are known as the teery and the puddling processes, which are treated of hereafter. By the Besse¬ 
mer and Siemens-Martin steel processes pig iron is also decarbonized and freed from impurities, 
ftnning a product which may be as pure as or even purer than wrought iron, to which the names of 
mild steel, homogeneous metal, and ingot iron are variously applied. 

In this article the several direct processes will be describe^ also those indirect processes whose 
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object is the conversion of pig into wrought (weld) iron. Those indirect processes, including the 
Bessemer and Siemens-Martin processes, whose object is the conversion of pig iron into mild steel 
(ingot iron) are treated of in the article on Steel. 

I. Direct Processes. 

The direct processes of making wrought iron are both ancient and primitive. Records of these 
processes date back to the earliest historical times, and processes almost exactly similar to the 
ancient ones are still in use in uncivilized countries, and to a small extent, for the manufacture of 
iron of certain grades, in the United States. The direct processes have b^n almost entirely super¬ 
seded in modem times by the Indirect; not however on account of the improved quality of ^e pro¬ 
duct of the latter, but on account of its cheapness. In recent times many efforts have been made 
BO to improve the economy of the direct processes that they may make iron more cheaply than the 
indirect, but thus far without success, except nnder the most favorable conditions in a very few 
instances. 

In the roost primitive processes, such as those which are still used in Asia and Africa, scarcely any 
other apparatus is needed than a small hearth, or a hole in the ground, with or without a chimney. 
An air-blast is furnished by a bellows or other simple blowing machine. Only rich ores are used, 
and the fuel is invariably charcoal. A furnace of this kind, still used in Persia, consists of a mere 
cavity in the earth, 6 to 12 in. deep, and of a diameter equal to twice the depth. It is lined with 
pulverized charcoal. Charcoal in fragments is then thrown in, and covered with ore, which may be 
fine and caked together with water, or in coarse pieces. Several alternate layers of charcoal and' ore 
succeed, when the whole heap is covered with charcoal. It is then fired at the bottom, and the 
blast applied by a large hand-bellows, which blows through a pipe introduced in the lower part In 
a few hours a small ball, or loup^ is obtained, which is taken out and hammered by hand. By reheat¬ 
ing and hammering it is finally brought into shape, and purified of cinder. The process is such as 
may be practised on a smaller scale in a blacksmith’s forge. Figs. 2431 and 2482 are respectively a 
section and a ground plan of a hearth in use in Europe about the middle of the 16th century, as 
described by Agricola. The letter h in both shows the hearth proper, t the tuyere, and h the bellows. 
This form is not unlike the blacksmith’s forge of our own times, and the furnaces used in the 


M33. 



2481. 



Catalan process at the present day are but modifications of it. These crude furnaces show that the 
production of iron from the ore is a process of the most simple description. The quality of the iron 
produced in them also is not surpassed, and rarely even equalled, by that made by the most ap¬ 
proved methods of modem times. The euormous progress in iron-making during the last three 
hundred years, and especially within the present century, has been in the direction of quantity and 
cheapness, and not in that of improved quality. 

The Catalan Process .—This process derives its name from the province of Catalonia, in northern 
Spain, where probably it was first introduced into western Europe. The furnace in which it is car¬ 
ried on is known as the Catalan forge, although the names open fire, forge, German foi^e, and 

bloomary are often indiscriminately 
applied to it. Some writers make dis¬ 
tinctions between the various types 
of furnace to which these names may 
be correctly applied, but they are not 
important, and the same name is ap¬ 
plied to different types of furnaces in 
different localities. The term bloom¬ 
ary is also applied to a furnace which, 
while somewhat similar in shape to 
the Catalan forge, is used for a differ¬ 
ent purpose, viz., the conversion of 
pig iron into wrought iron. It is de¬ 
scribed under the head of the finery 
process. 

The simplest form of the Catalan 
forge, as still used in the Pyrenees, is 
shown in Figs. 2488, 2484, and 2485. 
Fig. 2483 is a vertical section through the axis of the tuyere, and Hg. 2484 another section at 
right angles to the former. In Fig. 2433, W \V represents the wall separating the forge from the 
blast machinery, and in which is the embrasure for the tuyere. The hearth is usudly lined with 
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cast4ron plates, and the ecunier^ or side opposite the tuyere, with flat bars. Sometimes the lining of 
these is a refractory sandstone or granite; but the cinder-slope (on the side o of the tuyere), on 
vhidi the workman rests his bars, is always of cast iron. The aperture o is for the discharge of 
dader into the embrasure beneath. The tuyere i is a truncated half cone of copper, with the orifice 
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or Oft drcolar, from 1-^ to 2 in. in diameter; it is set at about 20 in. above the bottom, and inclined 
At an angle of 30** to 40**, and projects about 8 in. into the fire. The hearth at the bottom measures 
aboat 24 to 26 in. square. Blast is furnished either by a bellows, or by the blowing machine driven 
bj water-pressure known as the irompe, (See Blowers.) In the operations of the forge as usually 
exacted, a charge of about 1,000 lbs. of ore is weighed out and crushed under the forge-hammer. 
The foniaoe having been heated, and a mass of incandescent charcoal and melted cinder lying upon 
the bottom, fresh charcoal is packed in the hearth up to the orifice of the tuyere, and upon this bed 
A box of coarse ore is emptied and packed against the sloping side or counter, charcoal alternating 
with fine ore being packed on the tuyere side. The blast is started at a light pressure, gradually 
botasing to about 1^ lb. per square inch. The whole of the contents of the hearth, except a small 
portion at the sloping side on wUch the coarse ore is placed, are kept covered with fine ore and char¬ 
coal, thus forcing the gases (carbonic oxide) formed by the combustion of the charcoal to pass out 
throogh the coarse ore and i^uce it to the metallic state. The ore gradually sinks down, and the 
iznporities melt into slag, which is tapped off every hour. The operation lasts about six hours, at 
the end of which time the greater portion of the ore has been i^uced and the impurities fluxed 
mj. The pieces of reduced iron which may be adherent to the sides are pushed by the workmen 
into the central mass of iron. The blast is then stopped, and the mass of iron, known as a loop or 
mami, weighing about 350 lbs., is pried out of the fire by long bars, and hammered into blooms or 
billeta. Four operations or heats are usually made per day. The details of the process vary to 
Acnae extent in (Ufferent localities. Both the quality of the product and the yield depend upon the 
ikill of the workmen. The slag is very rich in oxide of iron, which of course causes a considerable 
vttte of ore. According to Fran 9 ois, in the forges of the department of Ari4ge, in the south of 
fluce, lOi) kilogrammes of merchant iron are generally obtained from 212 kil. of ore, with a con- 
nmiption of 340 kiL of charcoal. Richard estimates that in good work 100 parts by weight of ore 
ihoiikl yield 31 of bar iron and 41 of slags containing about 30 per cent, of metallic iron. Yields 
obtained by Richard from the foige do Ressecq were: ore 100, bar iron 31.2, slags 60.2; ore 100, 
Iv iron 31, slags 61.8. (For a very full account of the Catalan process, as practised on the con¬ 
tinent of Europe, and of the still more primitive processes in use in India, Borneo, and Madagascar, 
OMWiJt Perth’s " Metallurgy of Iron and Steel,” London, 1864, pp. 254-319.) 

Yarknis modifications of the Catalan process have been made in certain localities. One of the 
most important improvements is the application of the waste heat to heat the blast, which has 
reached its greatest development in the United States. In 1878 there were 64 works with over 200 
Citaiaa forges in the United States, with a total annual capacity of about 65,000 net tons per year. 
Of these, 24 works with 145 forges were in the State of New York, nearly all of them being in Clin¬ 
ton and Essex counties, in the Adirondack region. In 1850 there were as many as 200 forges in 
these two counties. At that date the capacity of each forge was about 1 ton every 24 hours; with 
the better quality of ores 100 lbs. per hour eould be obtained. Using selected ores containing 65 per 
cent metallic iron, tons of ore were required per ton of iron made, and 250 bushels of charcoal 
were used per ton. At the present date this practice has not been essentially improved upon. The 
hearths of these forges are about 32 in. square and 13 in. deep. The sides and bottom are of cast- 
iron platef 2 or 3 in. thick. The fire is open at the front, but is walled in at the sides and back. 
The toyere is at the side. The blast is bea^ to about 650** F.; the hot-blast oven, consisting of a 
few q-ehaped pipes, is placed directly pver the fire. The ball of iron, or loop, weighing about 300 
Ih^ U drawn out every three hours, eight heats being made per day. It is shingled under hammers 
vrighing from 1 to 2 tons, and formed into slabs or billets. The iron made by the Catalan process 
is this country is generally of the most excellent quality, and commands a price about 50 per cent, 
pester than that of ordinary iron made by puddling. It is this fact which has enabled the process 
to cmtiniie in existence to the present time, notwithstanding its great waste of material and want of 
Acwwmy of labor. 

The Otmund Furnace .—Percy describes a furnace which he names the osmund furnace, from the 
Swedkh word oemfund^ the name of the bloom used in it. It is merely a Catalan furnace extended 
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upward in the form of a quadrangular or circular shaft. A Tcrtical section is shown in Fig. 2486. 
From a perspective view given by Percy it would appear to be about 10 ft. high. It was formerly 
in use in Norway, Sweden, and other parts of Europe, and “it continues in use to this day ** (1864), 
says Pen^, “ in J^nland.” The Germans called it BUueofen and Bauemofen, It is interesting as 
marking a stage in the gradual development of the blast-furnace from the Catalan forge; this and the 
Stuckofen^ hereafter described, being the intermediate furnaces between the Catalan foige and the 
blast-furnace. The method of operation of the osmund furnace is nearly the same as that of the 

Catalan forge. The following remarks con¬ 
cerning it are taken from Percy: “ Not more 
than H foQ could be made weekly in one of 
these furnaces; and in working up the osmund 
or bloom there was a loss of from 83 to 60 per 
cent. It is especially worthy of remark t^t, 
notwithstanding the presence of a large amount 
of phosphorus in the ore employed, the osmund 
furnace yielded good malleable iron; whereas 
the iron obtained from such ores by the usual 
method of producing cast iron in the first in¬ 
stance, and subsequently converting it into mal¬ 
leable iron, is cold-short and bad. It has been 
previously stated that the osmund furnace is 
still in operation in Finland; but a still more 
interesting circumstance is, that it maintains its 
ground side by side with a modem blast-fur¬ 
nace. The ore treated is so-called lake ore; and it is only by means of the osmund furnace that 
good iron can be made from this ore, the reason, no doubt, being that the phosphorus in the ore does 
not pass into the iron, but remains in the slag.** 

The Btiickofen, —The Stuckofen, Wolfofen (from Stiiek^ IPo//, names for the bloom), or high bloom- 
ary furnace is the final development of the old furnaces in which wrought iron was produced dire<^ 
from the ore. In it, indeed, by increasing its height and the pressure of the blast, cast iron was 
first made, it is believed by accident; and this cast iron was then a waste product as the art of 
making iron castings was at that time unknown. The Stuckofen is now nearly abandoned in Europe, 
a few only said to be still in existence in Hungary; but a similar furnace is in use in Japan. (For 
description of the latter, see Jountal of the Iron and Steel Indxtute^ 1876, No. 2, p. 612.) According 
to Karsten, the European furnaces varied in height from 10 to 16 ft. In some the shaft increase 
regularly from top to bottom, but in most it bellied out in the middle; it was either round or quad¬ 
rangular in horizontal section. One described by Percy had an interior form of two truncated cones 
with their broad ends or bases in contact. It was 16 ft high; the diameter at the bottom was 2| 
ft, at the top or mouth 1^ ft., and at the widest part, which was exactly in the middle, 4 ft 2 in. 
The furnace was carried up a few feet higher than the mouth, gradually widening, for the sake of 
convenience in charging. There was one tuyere, placed 14 in. above the bottom, but in the course of 
long working the bottom or hearth stone became so much corroded away that it was 20 in. above the 
bottom. The operation of the Stuckofen did not differ greatly from that of the Catalan forge. A 
lump of from 4 to 6 cwt. required for its production from 216 to 284 cubic feet of charcoal. On an 
average three such lumps were made in a day. The metal forming the lump produced in the Stucko¬ 
fen was described by Quantz (1799) as soft, tough, and malleable, though less so than bar iron; he 
considered it os intermediate towcen cast and bar iron, yet nearly approaching the latter. 

The Stuckofen was at one time employed for the pr^uction of both wrought and cast iron, the 
conditions necessary for the formation of the latter being prolonged contact of the reduced metal 
with carbon at a high temperature; and this is secured by increasing the proportion of charcoal rel¬ 
atively to the iron-producing materials. When the Stuckofen produced cast iron, it became known 
as the Blauofen; and it was the development of this by increasing its dimensions, the pressure of 
the blast, and the temperature of the hearth, which gradually led to the blast-fumace of the presen'^ 
day, in which cast iron exclusively is product. (See Furnace, Blast.) 

Modem Direct Proceesee ,—Soon after the introduction of the blast-fumace, malleable or wrought 
iron began to be made from cast iron, by various methods hereafter describe. These constituted 
the indirect processes, which on account of their greater economy have nearly superseded the direct 
processes. It has been found in practice that to convert the ore into cast iron, and then to convert 
the cast iron into wrought iron, required a smaller expenditure per ton of product than to make the 
wrought iron from the ore in one operation. The manifest theoretical advantages of direct pro¬ 
cesses, however, have for many years, and especially daring the last half century, led inventors to 
devise methods by which the direct processes could be so improved as to become more economical 
than the indirect. Frequently these new direct processes have seemed almost to attain commercial 
success, but the improvements in the indirect processes have been so rapid that the latter have more 
than held their ground against the former. The new direct processes are still being experimented 
upon by some of the most eminent metallurgists; and although they have not come into general use 
at the present time, it is not improbable that they may do so before many years have elapsed. A 
brief statement of several of the modem direct processes will therefore be of interest. 

ChenoCe Process, —^M. Adrien Chenot of Clichy, France, in 1823 made his first trials of a process 
for making steel direct from the ore, and for tUrty years experimented and improved upon these 
processes. From 1862 to 1867 several works were erected in France, Spain, and Belgium for the 
manufacture of steel upon a commercial scale by his methods. In 1871 the process was still in use 
at Clichy, near Paris, where it had been established in 1866, and near Bilbao in Spain, where it had 
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been established in 1862. The following is condensed from Grateau's account of the process as con¬ 
ducted at Hautmont, in France, in 1867, as given by Fercy: 

The ore sufficiently pure, if in mass, is broken into lumps of about 80 cubic centimetres (1.779 
inch); but if puWer^ent, it is agglutinated by compression, with the addition in some cases of re¬ 
ducing matters—^for example, 3 per cent, of resin. It is then mixed with more wood charcoal than 
Boffices to remove the whole of the oxygen from the ore. In practice on ore containing 55 per cent, 
of iron is mixed with 1^ to 1^ time its bulk of charcoal. With this mixture the reduction furnace 
is charged. The furnace consists of two rectangular vertical chambers or retorts, about 6 ft. long, 
ft ^e, and 28 ft. high, inclosed in a cubical pedestal of masonWork surmount^ by a truncat^ 
cone. Beneath the retorts are the fireplaces, and below the level of the ground at the bottom of the 
fireplaces is a pit to receive the apparatus for discharging. Around each of the retorts is a series of 
vertical fiues, communicating below with the fireplaces, and above with a large fiue opening into the 
air. If the reduced iron were withdrawn while hot, or even warm, it would on coming in contact 
with the air take fire and be again oxidized. In order to prevent this, at the bottom of the retorts 
is fixed a rectangular case of sheet iron, about 16 ft. in length, termed the refraidisaoir or cooler. 
The cooler may when necessary be surrounded with a second case, through which circulates a current 
oi cold water. In a furnace at Hautmont with a single retort, 4 ft. II in. long by 1 ft. 8 in. broad, 
the charge was about 1^ ton of calcined iron ore and half a ton of wood charcoal. Reduction is 
complete in 3 days, when the charge is withdrawn, and the freshly-formed iron sponge (the name 
ghm to the redact metal) falls into the cooler, where it remains' 3 days; and so the operation is 
repeated, the entire process, including reduction and cooling, lasting 6 days. The yield is about 
12 cwt. of sponge, and the fuel consumption about 1 ton 6 cwt. of charcc^ When perfectly re- 
dnoed, iron sponge has a bright gray color, is soft, and can be easily cut with a knife into thin sUces. 
It may be ignited by a match, when it continues to bum until wholly oxidized. The imperfectly 
redno^ ore has a black color, and can neither be cut nor ignited. A modification of Chenot*s pro¬ 
cess consists in reducing the ore by a current of hot carbonic oxide, and not by intermixture with 
solid carbonaceous matter. The r^uction-chamber is connected with two carboidc-oxide generators 
on each long side, communicating with the reducing chamber near the bottom and above the top of 
the cooler. After the sponge is removed from the cooler it is balled together in a charcoal hearth, 
sod hammered into a bloom. 

A report on Chenot's process made in 1866 by MM. Combes, Regnault, and Thiria to the French 
Minister of Public Works, says: ** It is not probable that these processes, in their actual state, could 
be applied with advantage to the manufacture of iron, except perhaps where rich ores of iron might 
be procured at a low price and labor would be cheap.** The French Exposition of 1866 granted the 
of honor to M. Chenot, considering his process the most important metallurgical improvement 
of the time. 

Oia^s Proce89.^In 1837 and 1840 Mr. William Neale Clay obtained two patents in England on 
a process for making wrought iron direct from the ore. In tMs process the purer kinds of ore were 
cnisbed to lumps not larger than a walnut, and these, mixed with one-fifth their weight of charcoal, 
eoke, ooal-slack, or other carbonaceous matter, were subjected to a bright-red heat, in a clay retort or 
other suitable vessel, until the ore was reduced to the metallic state. When the reduction was com¬ 
plete, the spongy iron was transferred direct to a paddling furnace, where it was balled, and then 
wTOQght into blooms under a tilt-hammer. The process succeeded in making an excellent quality of 
iron, which however was not uniform, but it was commercially a failure. 

A modification of Clay*8 process was tried at Workington, England, which was not abandoned till 
after 1,000 tons of bar iron had been mode by it at a heavy loss. In this modification the ore was 
reduced directly in a puddling furnace. A mixture of ground hematite with about one-third its 
weight of coal-slack, washed in a solution of soda ash or brine, was used, and smelted in conjunction 
with pig iron. To the mixture of hematite and slack there were added about 4 lbs. of fire-clay, 4 oz. 
of so^ ash, and 6 oz. of common salt to each 112 lbs. of ore. The bar iron produced was tolerably 
uniform and of fair quality. 

RaUotCa Proeen, —^This process was patented in the United States by James Renton in 1861. It 
w carried on upon a commercial scale in Cincinnati and in Newark, N. J.; but it proved a failure 
m economy, although good iron was produced by it. The furnace in shape resembled an ordinary 
puddling furnaoe, having a fire-brick chamber at the end, 10 ft. high, 6 ft. broad, and 7 in. wide. 
This chmber, which was in fact a laige vertical muffle or retort, was entirely surrounded externally 
by the flue or chimney of the furnace. It was filled with 12 cwt. of a carefully mode mixture of 
from 20 to 25 per cent, of ore, and from 76 to 80 per cent, of coal, both finely broken, and became 
Buifidently heated to cause the reduction of the ore. The reduced ore was dii^harged, os required, 
from the bottom of the chamber into the body of the furnace, where it was exposed to a welding 
best and worired into balls, which were hammered in the usual way into blooms. 

Fafes*# Pro eeu . —Mr. Frederick Tates published a pamphlet in London in 1860, describing a pro¬ 
posed direct process which appears to be a modification of Chenot’s. It employed gas-furnaces, in 
which carbonic oxide was produced in generators, to heat the reduction chamber. The latter consisted 
of asucoesslon of three fire-clay retorts, set vertically over each other and united by socket-joints. 
They were from 30 to 36 ft. in height, and capable of holding 30 to 40 tons of ore. The shafts 
were filled by means of hoppers at the top, and the product was discharged through double air-tight 
doors at the bottom, so as to prevent the admission of air. 

fieulA** ProcesM. —ffirect process experimented upon at the Clifton Iron Works, New York, in 
1868, the invention of Dr. George Hand Smith, is described by Osborn. The crushed ore is mixed 
with about half its weight of charcoal, and charged in about 2 tons at a time into a reverberatory 
furnace, in whidi also carburetted hydrogen is generated from petroleum or coal-tar. The car- 
boretted hydrogen aids directly in reducing the ore. In about five hours the ore is deoxidized and 
72 
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carbonized, so that the resulting sponge is really steel. This process, Osborn states, does not seem 
to have been very successful. 

Another direct process, mentioned by Osborn as in operation at Kinggold, Pa., consists ** in draw, 
ing the ore down from shelf to shelf to meet an ascending column of ignited charcoal particles, and 
thus deoxidizing the ore.*’ There is no later record of the results of these two processes. 

Still more Recent Direct Proceasee ,—^The above-described modem processes have all resulted in 
commercial failure, and have been nearly if not quite abandoned. As most of them, however, con¬ 
tain some elements of success, and the cause of their failure was generally mechanical difficulties 
which perhaps are not insurmountable, they may again be brought forward in improved shape. They 
are worthy of record, therefore, for other purposes than as mere matters of history. Four new 
direct processes, of which accounts have been published, have been invented, and are still (1879) 
being experimented upon, with apparently some prospects of success. These are the direct processes 
of Dr. G. W. Siemens of England, Mr. Thomas S. Blair of Pittsburgh, Mr. Charles M. Du Puy of 
Philadelphia, and Mr. Edward Peckham of Plattsburgh, N. Y. 

SiemeM^t Direct Process ,—^This process is in operation at Towcester, England, and at Landore, 
Wales. The inventor first experimented at Landore in 1869 with a rotating furnace. Air and gas 
were admitted at one end, and the flame aid gas produced by their combustion passed to the opposite 




or chimney end, where a mixture of crushed ore and carbonaceous material was introduced. By the 
slow rotation of this furnace, the mixture gradually advanced to the hotter end of the chamber, and 
was reduced to spongy iron. The reduction of the ore was accomplished in a comparatively short 
time, but it was found that the spongy metal produced absorbed sulphur from the heating gases, and 
thus was rendered unfit for the production of steel. This led to the abandonment of this form of 
the process. The next stage of the experiment consisted in melting ores mixed with fluxing mate¬ 
rials in a reverberatory furnace so arranged as to accomplish the fusion in a continuous manner, so 

that the fused ore might be acted on by 
solid oarbonaceous matter, and the me¬ 
tallic iron be separated in a compact 
form, while the earthy constituents of 
the ore would form a fusible slag with 
the fluxing material. The results proved 
that a most excellent character of iron 
could be obtained by this means, but 
the yield was unsatisfactory, the slags 
showing a variable percent!^ of iron, 
amounting rarely to less than 16 per 
cent., but occasionally reaching 40 per 
cent. The precipitation of the iron re¬ 
quired a most intense heat, exceeding 
the welding heat of iron. The inventor 
thei^ in 1870-*71, again turned his at¬ 
tention to the rotating furnace. 

. The difficulty in obtaining a lining ca¬ 
pable of resisting the high degree of 
heat necessary for the precipitation of 
the iron, and at the same time resisting 
the chemical action, was overcome by 
the use of bauxite mixed with clay and 
plumbago. The heat for the rotating 
furnace is produced by the Siemens gas- 
producers and regenerators (hereafter described). Fig. 2437 represents a longitudinal vertical section 
through the rotator and the regenerators, and Fig. 2438 a vertical cross-section through the rotator. 
The improved rotating chamber is constructed of iron, and rests upon four anti-liiction rollers. 
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Wbeel gearing is applied by which either a slow rotative velocity of 4 to 5 revolutions per hour can 
be imparted to the diamber, or a more rapid velocity of 60 to 80 revolutions per hour. The cham¬ 
ber sied at Landore is 7 ft 6 in. in diameter and 9 ft. long, and is provided with a bauxite lining 
about 7 in. thick. A tap-hole is on the working side for ^scharging the slag into the cave below, 
where H is received into vessels mounted on wheels. At the two extremities of the rotating chamber 
are large orifices, one of which, on the side of the regenerators, serves for the introduction of the 
heated gas and air, as well as for the exit of the products of combustion, and the other, facing the 
working platform, is closed by a stationary door. The gases enter ?nth a certain velocity which 
sends them forward toward ^e door, and makes them reach the exit passage only after they have 
traversed the rotating chamber to and fro. {Journal of the Iron and Steel Institute^ i., 1878.) 

Dr. Siemens has erected three of these rotative furnaces at his experimental works at Towoester, 
two of them with working drums 7 ft. in diameter and 9 ft in le^h, and the third of smaller 
dimensions. The ends of the furnace-chamber are lined with bauxite bricks, and the circumference 
with ferrous oxides, resulting from a mixture of fumace^inder enriched with roll-scale or with cal- 
dned blackband in lumps. The operation is thus described by Dr. Siemens in a paper read at the 
Newcastle meeting of the Iron and Steel Institute in September, 1877 (Journal of the Iron and Steel 
hutitute, 1877): ** About 30 cwt of ore mixed with about 9 ewrt. of small coal having been charged 
into the furnace, it is made to rotate slowly for about 2i hours, by which time the r^uction of the 
metal should be completed, and a fiuxed slag be formed of the earthy constituents containing a con- 
siderahle percentage of ferrous oxide. The slag having been tapped, the heat of the furnace and 
the speed of rotation are increased to facilitate the formation of balls. These balls contain on an 
arerage 70 per cent, of metallic iron and 30 per cent, of cinder, and upon careful analysis it is 
foond that the particles of iron, if entirely separated from the slag, are pure metal, althou^ the 
elag may contain as much as 6 per cent, and more of phosphoric acid and from 1 to 2 per cent, of 
sulphur. In shingling these balls in the usual manner, the bulk of the cinder is removed, but a 
suffident residue remains to impart to the fracture a dark appearance without a sign of crystalline 
fracture. The metal shows in being worked what appears to be red-shortness, but what should be 
termed slag-shortness. In piling and reheating this iron several times, this defective appearance is 
gradually removed, and crystalline iron of great purity and toughness is produced, ^e balls as 
they come from the rotator are placed under the shingling hammer and ^aten out into flat cakes 
not exceeding an inch in thickness. These are cut by shears into pieces of suitable size, and formed 
into blooms of about 2 cwrt. each, which are consolidated under a shingling hammer and roUed into 
bus. The bars have been sold in Staffordshire and Sheffield at prices varying from £7 to £9 per 
too, being deemed equal to Swedish bar as regards toughness and purity.’’ 

The Siemens process was experimented upon in Pittsburgh for a few months in 1877-78. While 
eicelluit iron was produced, the waste was so great as to prevent the success of the process on a 
commercial scale, and caused its abandonment at the time. Another furnace for working this pro¬ 
cess is now (1879) being erected at Tyrone, Pa. 

JWotVs Direct Process. —In 1872 Mr. Thomas 8. Blair of Pittsburgh made an improvement on 
Chenot’f and Clay’s processes. The operation was conducted in an upright retort, circular in section, 

ft in diameter and 60 ft. high. In the upper 10 ft. was inserted a metal pipe, or thimble,” 8^ 
ft in diameter, leaving for this distance from the top an annular space about 4^ in. across, through 
whidi the ore and chskrcoal passed down. (Experience showed that these dimensions were too large: 
3 ft diameter of retort and 2 ft. 4 in. diameter of thimble, and a total height of 40 ft. from ground 
level, are large enough.) Heat produced by burning fuel-gas from any form of generator is applied 
outside of the retort; and the carbonic oxide rising upward in the thimble is met by air passing 
downward to meet it, producing a mass of flame in the tffimble, keeping it at a red heat except near 
the top. The ore and charcoal charged into the top of the annular space are thus exposed to heat 
from both the outside and inside. The reduced ore is cooled in passing down to the lower portion 
of the retort, which is kept closed until the sponge is removed. One such retort produces about 2 
tons in 24 hours. The sponge after removal is compressed by hydraulic power into blooms, which 
can be welded in a heating furnace or melted in an open hearth into soft steel. In melting the 
iponge with half as much pig iron into steel in a Siemens open-hearth furnace, the loss was about 
16 per cent. 

In 1876 Mr. Blair discovered during some experiments that by the addition of a small quantity of 
alkali to the carbonaceous matter mixed with the ore. the action of reduction was quickened to a 
remarkable extent, and ore which took 80 hours to reduce without alkali could be perfectly reduced 
m 6 hours with it. Subsequent investigation showed that lime answered as well as any other 
alkali, and that an addition of 6 per cent, was amply sufficient. It was then found that the old form 
of furnace was not adapted to quick reduction, and the system of external heating was abandoned, 
and Uiat of passing hot carbonic oxide through the mass of ore and carbonaceous matter was 
adopted. The following is a description of the furnace: 

A vertical retort of fire-bricks, with an external wrought-iron casing, stands upon an entablature 
supported on columns. The retort is continued below the entablature by a wrought-iron cylinder 
whh water-jacket; or, as proposed by Mr. J. Ireland of Manchester, England, instead of one wrought- 
iron cylinder four small ones are suspended, which split up the hot sponge into small columns, by 
this means effecting the cooling more rapidly. At the lower extremity of each cylinder is a conical 
Aouthpiece and valve, by which the iron sponge can be discharged periodically into any receptacle 
pkced beneath. The retort is filled by an ordinary bell and hopper. The carbonic oxide is gener¬ 
ated in a gas-producer placed a few feet from the reducing furnace, and connected with it by a flue. 
The pnxhmer is etrcnlar in section, formed of wrought-iron plates, lined with fire-brick, and standing 
CO an entablature supported by columns. Below the entablature is suspended a wrought-iron con- 
QBiiation, tapering to a conical discharging-valve for allowing the ashes to be from time to time 
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removed. Apertures for admitting air for combustion in the gas-producer are placed in its circum¬ 
ference, fitted with slide-covers to regulate its admission. The cost of producing iron sponge by 
this process in England was estimate bj Mr. Ireland in 1878 to be 22s. per ton, exclusive of the 
ore. He states that iron sponge melts readily in a cupola furnace, and the risk of oxidation is less 
than when it is thrown into a bath of pig iron in an open-hearth furnace. To produce 100 tons of 
the metal per week, he estimates the cost of plant at about £2,500—two reducing furnaces, two 
cupolas, fan or blower, small en^ne and boiler, hoist, and ore-breaker, being all that is required. 
(Journal of the Iron and Steel Jnstitute, i., 1878, p. 48 ; Transactions of the American Insiitute of 
Mining Engineers^ vol. iL, p. 176.) 

The inventor has furnished the writer of this with a few notes of the results of the later experi¬ 
ments made in Pittsburgh, as follows: The sponge was produced regularly, and in considerable 
quantities, as four furnaces, each containing three retorts each 8 ft. in diameter, were kept steadily 
in operation. Having at command such unprecedented quantities of iron in this rare form, oppor- 
tuni^ was afforded for experimenting upon it on a large scale, and the following facts were develo]^: 

1. Iron sponge cannot be economically cleaned of its earthy constituents by simply bringing it to 
a welding heat and hammering. If carried far enough to make clean iron, the loss is excessive. 

2. It is not valuable as an ^junct to puddling, if introduced in lumps; if fine-ground, it greatly 
accelerates puddling, but the iron is not so clean. 

3. It can be used in the open-hearth steel melting furnace if in pieces of half an inch diameter or 
over, simply thrown in cold, or roughly balled up in a scrapping furnace and cast in hot. The waste 
need not exceed 16 per cent., and the quality of product is the best that the ore is capable, under 
any process, of producing. 

4. It oan be readily run through a cupola and carbonized up to a point of fair fiuidity, without im¬ 
parting to it over one-half of 1 per cent, of silicon. 

The general conclusions arrived at after the production and utilization of about 1,000 tons of iron 
sponge at Pittsburgh were: 

1. That a state of fusion is necessary somewhere in the course of working, in order to give a 
desirable product. 

2. That the open-hearth melting fundee affords an excellent means of treatment. 

8. That the proper field for the process appears to be at the mines of rich iron ores, where, with 
simple apparatus, the sponge oan be produced, run through a cupola, and its resulting metal sent 
into market as a cheap and valuable stock for further metallurmcid operations. 

Du Pufs Direct Process. —In 1868 Mr. Charles M. Du Pny of Philadelphia began a series of experi¬ 
ments on reducing iron ore by means of carbonaceous fuel in closed vessels. Experiments in Uiis 
direction were made as early as 1791 by Lucas, who patented a process for reducing iron with car¬ 
bon in air-tight pots, and by Mushet in 1794, who forged iron which he had carefully reduced away 
from the atmosphere, and brought to the pasty state in a crucible. In 1877 Mr. Du Puy patented 
his latest improved process, which is thus described: Rich hematites or magnetites are crushed and 
pulverized, toother with charcoal or other fuel and fiuxes in the proper proportions, in an ordinary 
**Chilian*’ mill, such as is used for grinding the **fix*’ for puddling furnaces. This mixture is then 
filled into annular sheet-iron canisters, of No. 26 iron, which are about 16 in. in diameter and from 
16 to 88 in. high, the hole In the centre being 6 in. in diameter, holding enough ore to make a cake 
of metal that will shingle from 100 to 260 lbs. of iron. The fuel used for deoxidation may be 
either charcoal, coke-dust, or anthracite-dust. The canisters are placed on end in an ordinary rever¬ 
beratory furnace, on a bed of coke, 7 or 8 in. apart, so as to allow a full circulation of heat. The 
heat is urged to. a full welding temperature, and in about 6 or 6 hours the canisters with their 
contents have consolidated into masses of metal, saturated with pasty slag, which after being trans¬ 
ferred to a hammer are made into blooms without reheating. Of the practical capacity of this pro¬ 
cess the inventor writes as follows: **Suppose a furnace is constructed 10 by 15 ft inside capacity, 
to hold 5 rows of these canisters (88 in. high) one way, with 7 canisters the other, placed 8 in. apart 
and 8 in. from the furnace walls; then the furnace would hold 85 canisters, each containing about 
400 lbs. of ore, of 67 per cent, metallic iron. They would be reduced in 6 to 7 hours, but say 8 
charges were made in 24 hours. Each canister of 400 lbs. of ore yielding 80 per cent or 280 Ibe. 
of metallic iron hammered or squeezed, the furnace would produce 8,000 lbs. of iron at a chaige, or 
24,000 lbs. of muck-bar every 24 hours.” 

Several practical tests of the process, made in Pittsburgh and elsewhere during 1677-*78, have 
given most excellent results as regards the quality of the iron produced. An analysis of iron made 
by it from Republic (Lake Superior) ore gave 99.7 per cent metallic iron, 0.042 carbon, 0.021 silicon, 
0.082 sulphur, 0.016 phosphorus, 0.186 slag. The ore from which this iron was made contained 
0.063 phosphorus. The purity of the iron makes it equal to the best brands of Swedish iron used 
for crucible steel or other purposes where great purity is essential. (Journal of the Franklin Instil 
tute^ December, 1877, and December, 1878.) 

Peekham^s ^reet .Mwas.—This process, which appears to be an Improvement on the Catalan 
process, is described in a report by Prof. H. S. Osborn (Iron Age^ May 81, 1878). A few ex¬ 
tracts from this report will ^ve an idea of its method of operation: ** The plan adopted by Mr. 
Peckham is one of three stories, or retorts, with flues on each side, provided with dampers so 
arranged that each crucible or retort may be kept at a uniform and at any desired heat. Each crud- 
ble or retort and flue is provided with a door in its rear or back end. This enables the careful 
manager not only to determine the degree of heat, but also if he chooses to examine the ore as to 
its progress in deoxidation. He can either continue the heat or draw the ore down to the next lower 
story or crucible, on its way to the inclined plane or floor, along which the ore is conveyed when 
deoxidized to the hearth or fire without exposure to the cold air.** ** Mr. Peekham’s method, sum- 
marily, consists in beating the ore in the presence of carbon in air-tight crudbles, or retorts, at suo- 
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oeesirely increased but uniformly maintained temperatures, commencing at a yeiy low heat. He 
then transfers the treated ore, or resulting metallic iron, while yet hot, an(^ without exposure to cold 
air, to a forge fire, wherein it is worked. The ore is mixed in proper proportions with the charcoal 
let in upon the uppermost shelf or floor of a horizontal crucible; there it receives the first roasting, 
in connection with charcoal and carbonic oxide, from the fire of the hearth. It is then passed down¬ 
ward and let fall upon the next lower crucible floor, where it readily takes up more carbon, which 
combines with the remaining oxygen of the ore and passes off. It now begins to become metallic 
iron, and the heat, increasing at die next lower chamber or crucible, reduces the ore more fully to 
the metallic condition. Without exposure to the chilling contact with air, it is immediately drawn 
down upon the fire of the hearth and balled into the loop, and thence sent to the hammer to be 
made into blooms or billets.*’ 

Mr. Peckham states, November 27, 1878, that his process has been in use for over two years by 
Bowen k Signor of Saranac, N. Y., who are making some 2,000 tons of iron a year by it, which is 
used for horse-nails, fine rivets, eta, in place of Norway or Swedish iron. It is also in operation at 
Eimmswidc, Mo., at the works of the P^ham Iron Company. Using Iron Mountain or other good 
0 ^ it requires, for 2,240 lbs. of blooms. If ton of ore and 160 bushels of charcoal Each furnace 
will turn out about 8,600 lbs. of blooms in 24 hours. 

Another modification of the Catalan process is now (1879) being experimented upon by the Hori- 
oon Iron Company at Ticonderoga, N. Y. In this, as in the Peckhi^ process, the ore descends 
through a retort-<^mber, where it is partially reduced before being drawn into the fire. Its chief 
peculiarity consists in the charging of the very fine ore-dust into another chamber, where it is pre¬ 
heated, then taken by a screw conveyer and carried through a small gas-pipe into the tuyere, 
which conveys it into the forge fire and deposits it upon the surface of the ioup. In this way, it is 
eUimed, a loss of fine ore is avoided and a saving of fuel effected. 

J%e EUenhauaen Proem. —Between the direct and the indirect processes for making wrought iron 
maj be placed the Ellershausen process, since it is virtually a combination of both. In this process 
the purer varieties of ore are powdered and mixed with the molten pig iron as it flows from the blast- 
foiuMa The oxygen of the ore partially burns out the carbon and the silicon of the pig, and the 
blooms formed consist of a conglomerate of partially decarbonized pig iron and granulated iron ore. 
These are subjected to a high heat in a puddling furnace, to reduce or separate the superfluous ore, 
and are then rolled into bars. The process was in operation for more th^ a year in Pittsburgh in 
1868-’69,and for some time in Troy, N. Y.; and at one time it was thought to be a complete success. 
After a thorough trial, however, it was abandoned on account of its want of economy. (For a full 
description see Osborn’s ** Metallurgy,” page 860 ei teq.) 

H IsDiascr Procissks. 

These include all those processes in which wrought iron is made by decarbonizing pig iron. The 
process which is now most extensively employed for this purpose is that of puddling. But before 
the introduction of puddlii^ the conversion was effected in a ** finery ” or hearth. 

Tht Flnerj Proeesut. —^Tliese have undergone numerous modifications in different localities, but 
are all substantially the same in principle. Professor Turner describes no less than fourteen 
disfinct varieties, which are comprised in three general classes, viz.: the once-melting-down process 
[Eiwmltehmeizerei\ the Walloon process ( Wallon8chmiede\ and the German or breaking-up process 
(Ihatehe oder Aujfhreektehmiede). The first of these has six subdivisions, the others four each. 
Three only of the fourteen varieties are considered by Percy as worth describing—the Swedish, the 
English, and the Styrian Walloon processes. The English is subdivided into two varieties, the South 
Wales and the Lancashire processes. These we shall describe briefly. 

In the South Wales process, the apparatus consists of a ** melting finery,” commonly termed a 
“ refinery or run-out,” described more particularly hereafter, and two charcoal fineries or hearths. 
The pig iron is melted under coke in the melting finery, and the molten metal is allowed to flow into 
the two charcoal fineries supposed to be ready to receive it. Each of the latter is merely a shallow 
qusdruigular hearth formed of iron plates, surmounted by a fire-brick stack. Cold blast is used, 
supplied through one tuyere. The molten metal as it flows into the finery partially solidifies, and is 
at once broken op by an iron bar. Charcoal is thrown in, with which the iron is mixed, and the mass 
heaped up on the side next the tuyere. Water is thrown at intervals over the charcoal to prevent its 
lanecessaiy waste. If this is not done frequently, great loss of fuel occurs. The metal is lopsened 
and raised op and cinders tapped off from time to time, and the blast kept on constantly for about 
an boor. At the end of this time the metal is thoroughly decarbonized, beromes pasty, and is welded 
together into a ball, which is taken out and hammered into any desired shape. 

The finery knoiro as the Lancashire hearth is still used extensively in Sweden. As in the South 
Wales process, the furnace consists of a cavity formed of cast-iron plates. The plate at the bottom 
is kept cool by flowing water. The side walls above the hearth are protected by cast-iron plates. 
Hot blast is us^ tiirongh one water-tuyere with semicircular-shaped nozzle. The axis of the tuyere 
ii inclined at an angle of about 10°. The apparatus for heating the blast is merely a siphon pipe of 
cast iron placed in a chamber above the hearth. A cast-iron plate is provided upon which pigs or 
bkMxns may be heated, thus economizing the beat of the waste gases. In the operation of this 
Iwlh, it is filled with clean charcoal, and then a charge of 200 lbs. of pig iron in plates 2 in. or 3 in. 
thick, whidi has been previously heated on the cast-iron plate, is transferred to the hearth. Fresh 
charcoal is added and the blast turned on, when in about half an hour the metal will have completely 
ttdted down, and in dropping through the blast from the tuyere will have become partially oxidized. 


•Tb« tenns finery and reflnery are sometimes used indiscriminately. The nomenclature used by Percy Is followed 
coe,maUmr refinery mean the fhmaoe in which partial decarbonizat^on la effected (the ‘^run-out"), and finely the 
teases In which the decarbooiaation is completed. 
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After complete fusion the fining proper begins. This consists in continually breaking up the metal 
with a bar, and carrying towaM the tuyere the raw or insufiiciently decarbonized portions, which 
being more fusible than the rest run to the bottom and there harden. This operation lasts about half 
an hour. Subsequently all the metal is brought up to the top of the hearth and again melted down 
at a high heat to form the ball, fresh charcoal being thrown in at intenrals. The ball is then taken 
out and hammered. The bloom thus obtained, when the workmen are skilled, is very sound and free 
from impurities. The following commercial details of the Lancashire process, as carried on in 
Sweden, are given by Percy: 


Average weight of blooms from one finery per week, tons. 6.6 

Weight of bloom per cent, of pig iron. 86.75 

Charcoal consumed per ton of blooms, by weight, tons. 0.9 

“ “ “ “ by volume, cubic feet.266 


In the United States the fineryprocesses are still carried on to some extent. The works are known 
as bloomaries or forges, which names, as before mentioned, are also indiscriminately applied to 
Catalan foiges. The furnaces are known as fineries or knobbling fires. In 1878 there were reported 
68 works with an annual capacity of 66,000 net tons, of which 86 works with a capacity of 40,000 
tons are in Pennsylvania, chiefiy in the central portion of the State, fineries in Pennsylvania usually 
work 13 hours a day, and make in that time six loops weighing about half a ton; the product of a 
fire is therefore about three tons per week. Instead of pig iron, refined or plate metal from the run¬ 
out or refinery is sometimes used, requiring a smaller amount of fuel and a shorter time to complete 
the operation than when pig iron is used. With refined metal a fire may make a ton per day. A ton 
of billets requires usually about nine-tenths of a ton of charcoal and 24 cwt. of pig iron. 

In November, 1878, there were seven varieties of blooms or billets quoted in the Philadelphia 
market, some made by the Catalan direct process, others by the bloomary indirect process. The fol¬ 
lowing will give an idea of the names of these blooms, their relative value, and the purposes for 
which they are chiefiy used: 1. Champlain ore blooms, $88 to $89 per ton of 2,240 lbs. Made in the 
Catalan forge, principally in the Champlain district in New York, but a few in New Jersey and the 
South. Us^ for C. No. 1 plate iron, and for sheared “ skelp ** for tubes, but now in little demand. 
2. Charcoal-scrap blooms, $87 to $39 per ton of 2,240 lbs. at forge. Made in all sections of the 
United States by ** sinking'* scrap with charcoal in a bloomary or reverberatory furnace. Used for C. 
H. No. 1 boiler-plate, and for wire purposes. 8. Best charcoal blooms, $68 to $66 per ton of 2,240 


lbs. Same as No. 1, but made from high-grade magnetic ores containing but little phosphorus. Used 

for crucible steel. 4. Best charcoal bars, $60 
to $65 per ton of 2,240 lbs. Made from No. 8 
^ ^ ^} i hammering or rolling. Bars 12 ft. long by 

1 ^ 3^ by ^ in. Used principally in Pittsburgh by 

. crucible-steel makers. 6. Cornered blooms, 

1 $60 to $66 per ton of 2,464 lbs. Made in 

i f i -j- i t 1 bloomary fires with charcoal from pig iron 
J ! i ■ H. (chiefly from charcoal pig), principally in Peun- 

■ ; - ■ ^ i sylvania. They are small blooms, 24 in. loiig 

hy 4 J to 6 in. square, with beveled edges; 
I hence the name cornered. Used for thin sheets. 

■ j : I fl* Cold-blast charcoal blooms, $57 to $60 per 

ton of 2,240 lbs. Made in bloomary fire with 

■ ■ ’ ^ - r - charcoal from cold-blast charcoal pig. Locali- 



tics, Cumberland, Susquehanna, Schuyl- !~4^ | Lj( 

kill, and Juniata valleys, Pennsylva- ' ■ 

nia. Used for best flange boiler-plate. ■ j - ] -■- 

7. Anthracite pig blooms, $50 to $51- ^^ -p 

per ton of 2,240 lbs. Made from an- . - - i. 

thracite pig in bloomary fire. Fuel 

generally charcoal, although coke is sometimes used. Made throughout Pennsylvania. Used for 
flange boiler-plate, the writer's informant says, ** if the conscience of the user will permit" They 
are not as reliable in quality as No. 6. At the time the above quotations were given, forge pig waa 
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quoted in PhOadelphia at $16.50 to $16.60, and ordinary wronght-iron bars (made in the puddling 
fumice) at from $36.80 to $42.66 per ton of 2,240 lbs. The high prices obtained for the charcoal 
blooms are eTidence of their superior quality. 

Tht Rejaury or Bun-out Fire .—This may be considered as an auxiliary to either the finely or the 
puddling furnace. Its object is the partial purification of the pig iron preparatory to its more com* 
plete plication in other furnaces. It is now but little used in the United States, but is still used 
to some extent in Europe. The refinery is illustrated in Figs. 2439, 2440, and 2441, taken from 
Per^s ** Metallurgy.” It consists essentially of a rectangular hearth with two or more (often three) 
water-tuyeres on each side, inclining downward. The sides and back are formed of hollow iron 
castings called water-blocks, through which water is kept flowing, the front of a solid cast-iron plate 
containing a tap-hole, and the bottom of sand resting on a solid platform of brickwork. Coke is used 
as fuel, with cold blast at a pres¬ 
sure of about 8 lbs. per square 
inch. The space immediately 
orer the hearth is inclosed on 
each of the two sides either by 
a brick wall or by a cast-iron 
plate; the front and back with 
foldii^ WTought-iron doors, which 
are frequently left open. Above 
this space is a short chimney sup¬ 
ported on cast-iron columns. 

In the operation of the reflnery 
a charge of coke is thrown upon 
the hearth, and upon it about 1 
to 2 tons of pig iron, with a 
small portion of hammer-scale. 

The blast is turned on and the 
metal melted, running through 
the coke to the bottom of the 
hearth. The blast being strongly 
oxidixing, a considerable quanti¬ 
ty of cu^er is formed, and the 
iron is deprived of most of its 
lilioon and a portion of its car¬ 
bon. The blowring lasts for about half an hour after the iron is melted, the tuyeres being deflect¬ 
ed upon the surface of the iron, when the metal and dnder are tapped out together, and flow out 
ihxig the running-out bed in front, which consists of a number of cast-iron plates. In some 
plaoM these plates are cooled by flowring water beneath them, but in others the use of water has been 
tbandoned on account of the danger of explosions. The metal and cinder are rapidly cooled by the 
eut-iroQ plates, and the cinder rises to the top, whence it is removed. The plate of refined metal, 
iboat 2 or 8 in. thick, is then broken up and removed, in some cases being cooled in an adjoining 
trough filled with water. It has the appearance of white or chilled cast iron, the upper surface being 
of s cellular structure or **honeycomb^” to a depth dependent upon the length of time the metal 
ku been blown. The depth of the honeycombing should not be greater than 1 in. in 8 in., otherwise 
the metal is hard to melt in the puddling furnace. The amount of coke used per ton of iron is about 
4 cwt. The loss in weight of the iron is about 10 per cent. In some places the iron is charged in 
the melted state directly from the blast-furnace, instead of being first cast into pigs. The product 
of the refinery, plate-metal, as it is commonly called, is used either in the finery or bloomaiy fire 
heretofore desoibed, or in the puddling furnace. 

Procen. —M. Ferdinand Hamoir, of Maubeuge, France, put in practice in 1875 a process 
for refining east iron previous to puddling, which appears to have ^ven good results. The process 
eoDsitts in submitting cast iron, at the instant it is tapped from the blast-furnace, to a current of air 
from the same blast that is beii^ supplied to the tuyeres of the furnace itself. An economy of 10 
per cent of the coal required in puddling is 

Mid to be the direct consequence of the partial 2448. 

deearbonization thus effected, and in 24 hours, 
with the same quantity of coal, two charges more 
per day are obtained from the puddling fur¬ 
nace. (Journal of the Iron and Steel Inetifute, 
il, 1876, p. 660; i., 1876, p. 184.) W. K. 

IRON-MAKING PROCESSES—PUDDLING. 

The puddling process consists essentially in stir¬ 
ring about molten pig iron on the bed of a re- 
rerberaiory furnace, heated by the flame pro¬ 
duced by the combustion of fuel in an adjoin¬ 
ing chamber, until the silicon, carbon, sulphur, 
tmoephoms, and other impurities of the iron 
are oxidized and removed, and the iron thereby 
rendered pasty when heated and malleable when 
cold. The process was patented by Henry Cort in England in 1784. Fairbairn stotes that Cort 
“cipendcd a fortune of upward of £20,000 in perfecting his inventions for puddling iron and rolHng 
it into bars and plates; that he was robbed of the fruit of his discoveries by the villainy of officials 
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in a high department of the Gh>Temment; and that he was ultimately left to staire by the apathy 
and selfishness of an ungrateful country.*’ He states further that Cort’s inventions ’^have conferred 
an amount of wealth on the country equivalent to £600,000,000 sterling, and have given employment 
to 600,000 of the working population of our land for the last three or four generations.” 

The puddling furnace is represented in the accompanying engravings, fig. 2442 is a top view, 
fig. 2448 a side elevation, fig. 2444 a longitudinal section, Fig. 2446 a horizontal section, and Fig. 

2446 an elevation at the fire¬ 
place end of the furnace. The 
furnace consists externally 
of an oblong casing of iron 
plates, firmly bound together 
by iron tie-bars, and lined 
with fire-brick. The fire-grate 
is separated from the woric- 
ing-chamber of the furnace 
by a wall known as the bridge- 
wall, over which the hea^ 
products of combustion pass 
and play upon the surface of 
the molten metal and effect 
its conversion, and pass thence through the ’^neck” to a chimney, usually SO or 40 ft. high, which 
is closed by a damper. Either blast or natural draught may be applied to effect the combustion of 
the coal in the fire-box. In some cases a steam-boiler is supported on pillars above the puddling 
furnace, and the products of combustion are caused to pass in a fine beneath it, or through its inter¬ 
nal fiues, before entering the chimney, thus utilizing a portion of their waste heat. The working- 
chamber is dish-shaped, and is constructed of cast-iron plates, the sides being usually hollow blocks 
through which a stream of water or of air is allowed to pass to cool them and prevent their burning 


2444. 




out. Free access of air is also allowed beneath the bottom plate for the same reason. The sliding 
door shown is lined with fire-brick. 

fig. 2447 represents a longitudinal section of an improved form of puddling furnace, known as 
Caddick and Mayberry’s furnace. It consists of a chamber or gas-generator of fire-bricks, surrounded 
by a casing of thin iron plates, say three-sixteenths of an inch thick, and a puddling hearth. The 
whole of the plates are of wrought iron, the buckstaves or binders being cast-iron columns, held 
together at the top by suitable tie-rods. The ordinary sliding fire-brick door is used, but outside of 



this is provided a second door of thin plate iron, in which a suitable aperture is made to admit the 
rabble; this door acts in protecting the puddler from radiant heat. A is the generator, the inner 
casing, and C the outer casing. Blast is admitted into the space between the inner and the outer 
casing through the pipe D ; the air becomes heated by coming into contact with the inner casing, 
and passes into the inclosed space below the grate-bars, through holes formed in the lower part of 
thifl casing. Here the already heated blast is heated to a further degree by the red-hot ashes. A 
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portion passes np through the grate-bars, while another portion is admitted to the combustion-cham¬ 
ber above the level of the fire. The result is complete combustion, so that smoke is practically pre¬ 
vented, and saving of fuel is effected. The admission of the blast over the fire is regulated by a 
valve F. The frame which contains this valve is provided with a slide having sight-holes, through 
which the holes in the brickwork may be kept free from 
obstruction. Blast is supplied by a fan. « 

In the operation of puddling, the furnace being heated to 
a high temperature, a charge of 400 to 500 lbs. of pig or 
plate metal is introduced into the working-chamber, and in 
about half an hour it is all melted. The “ puddler and 
his ^helper ” then alternately stir about the iron, or rabble 
it as it is called, in such a manner as to expose thoroughly 
every portion of the iron to the action of the flame, which 
is strongly oxidizing in consequence of its containing an ex¬ 
cess of air from the atmosphere. The door of the furnace 
is closely shut, except the small hole, which is just large 
enough to admit the rabble of the puddler, and allow him 
to see into every part of the working-chamber. The whole 
operation requires usually from to 2 hours. Gort*s pat¬ 
ent in describing the process says: ** After the metal has 
been some time in a dissolved state, an ebullition, effervescence, or such-like intestine motion takes 
plsoe, during which a bluish flame or vapor is emitted; and during the remainder of the process the 
operation is continued (as occasion may require) of raking, s^arating, stirring, and spreading the 
whole about in the furnace, till it loses its fusibility, and is flourish^ or brought to nature. As 
ioon as the iron is sufficiently in nature, it is to be collected together in lumps called loops, of sizes 
suited to the intended uses, and so drawn out of the door or doors of the furnace.’* 

The bed of the puddling furnace introduced by Cort was of sand, and continued to be so made 
until about the year 1818, when Mr. Samuel Baldwyn Rc^rs of Glamorganshire substituted the 
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iron bottom. The bottom of sand was subject to great 
corrosion by the oxide of iron formed during the opera¬ 
tion. Mr. Rogers alleges that whereas in 1818 it was con¬ 
sidered that “ 8 tons were a good weekly yield for a fur¬ 
nace, the effect of his invention has been to increase the 
weekly yield of a furnace to 20 or 24 tons.** Cort speaks 
of his furnace as being charged with ** sow and pig metal,*’ but it was generally customary, prior to 
the introduction of the improvement known as boiling, to use plate metal from the run out fire, in 
viiich the purification of cast iron is partially effected. By the use of plate metal the time necessary 
for the operation is greatly diminished, as is also the waste of metal. 

Tnt Boiling Fro^u. —Shortly after the invention of the iron bottom for puddling furnaces, a 
iBodification was introduced in the process, which consisted chiefly in the addition of hematite or 
q>ecular ore with hammer- or roll-scale to the charge of pig iron. These are called the fettling *’ 
or **fix.** The ore and scale, being on the bottom of the hearth under the charge of melted pig iron, 
np their oxygen, which unites with the carbon and silicon of the pig iron, hastening its purifica- 
The ores at the same time become deoxidized and reduced, forming metallic iron, which unites 
vith the malleable iron converted from the pig, and thus increases the yield. Mr. S. B. Rogers, in 
1 m “ Xetallnigy,** says: “ There are two processes made use of, bearing distinctive names, which 
properly come under the denomination of puddling; first, puddling as originally invented by Mr. 
H«iiry Cort, and second, boiling, a working of cast iron in a bath of fiuid iron cinders, which has 
he«ii practised for untold ages; there was no invention in the case, but only a modification,** etc. 
Fairbaim, however, says Mr. Hall, of Bloomfield Iron Works, Tipton, may safely be considered as the 
Ikst who introduced the system of boiling, which ultimately dispensed with the refinery and estab- 
Ihhed the more expeditious process of puddling direct from the pig. The process of boiling, or 
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** wet puddling/’ as it is sometimes called, has now almost entirely superseded the older form or 
** dry puddling ”; but the latter is still used in some localities. In boiling, the “ ebullition ” or ^ ef- 
feirescence ” mentioned by Cort is much more energetic than in dry puddling. It is not a real boil¬ 
ing, however, but merely an intensely rapid generation of carbonic oxide within the body of the 
molten metal, by the union of the oxygen of the ore and scale on the bottom of the furnace with the 
carbon of the pig iron lying above. The effervescence eauses the cinder to rise up over the bed of 
molten metal, and a portion of it runs out at the rabbling-hole, even though the latter is several 
inches higher in the boiling than in the old puddling furnaces. In the United States boiling is 
almost exclusively practised, the word puddling being still retained as the name of the process. 
Some details of the process, as conducted at a works in Pittsburgh, are as follows: 

Each furnace is allowed 1«000 lbs. of specular ore in a double turn of 10 heats. The diaige of 
pig iron to each heat is 475 lbs., and the yield in puddle-bar, weighed after being rolled, is about 480 
lbs. There is thus a slight gain in weight over the iron charged, due to the iron reduced from tiie 
ore. When working single turn, each furnace makes 6 heats per day, the first furnace being chaiged 
at 3:80 ▲. m., and the last charge withdrawn at 1 p. ic. Working double turn, 10 heats are made, the 
working time being from 8:80 ▲. M. to 7:80 p. M. Triple turn has been practised to some extent, 15 
heats l^ing made in 28 hours, or from 2 a. m. to 1 ▲. if. the next day. Tbe capacity of each furnace 
per day therefore is: single turn, 2,880 lbs.; double turn, 4,800 lbs.; triple turn, 7,200 lbs. The 
consumption of fuel in puddling (or boiling) varies, according to the quality of the coal and of the 
iron, the skill of the workman, and the length of time in the 24 hours that the furnace is in opera¬ 
tion, from 1,600 to 8,000 lbs. per ton of 2,240 lbs. of product. It is found that by working double 
turn there is usually a saving of 20 per cent, of fuel over working single turn, and that a double fur¬ 
nace (one in which there are two working-doors, and in which a double charge is worked) there is a 
saving of 10 to 20 per cent, over the single furnace. 

There are three great objections to the puddling process, as described above, which inventors have 
long labored to remove. These are: the large amount of severe labor required, two skilled work¬ 
men being needed at each furnace; the variable quality of the product, dependent upon the skill and 
trustworthiness of the workmen; and the great consumption of fuel. In the modem types of pud¬ 
dling furnace in which economy of fuel is attempted, the waste heat is usually applied to heat the 
air required for the combustion of the fuel, or to heat the gaseous fuel itself, or both. In furnaces 
designed to economize labor, the iron is either stirred by rabbles worked by machinery, or the work¬ 
ing-chamber is caused to rotate or oscillate, the motion of the furnace being substituted for the 
motion of the rabbling tools. Uniformity of product is secured by perfect uniformity of working, 
and by properly controlling all the operations. In many recently invented furnaces the appliances 
for economizing fuel and labor are combined. The improved furnaces have reached their greatest 
development in England, where they are repladng the old furnaces so rapidly as to lead to the belief 
that the latter will soon be entirely disused. On the continent of Europe and in the United States 
the introduction of the improved furnaces has been slower, but none the less sure. Chief among die 
improvements designed to effect economy of fuel is the Siemens regenerative furnace, which is 
applicable to almost (if not quite) every department of metallurgy in which intense heat is required. 
In the manufacture of iron it is especially used for heating iron and melting steel. For these pur¬ 
poses it has been one of the most valuable inventions of this century. In puddling, its use has been 
until recently comparatively restricted, but it is now increasing. A brief description will here be 
given. 

The Siemens EegeneroHve Furnace ,—^The regenerative gas system, invented by Dr. C. W. Siemens 
in 1862, may be generally described as a producer, in which gas U generated from coal, wood, peat, 
or other fuel, and a chamber termed a regenerator, divided into four compartment^ filled with 
loosely stacked fire-bricks, which are placed immediately under the furnace. The gas-producers may 
be erected at any practicable distance from the furnace to which they are to be applied. The pro¬ 
ducer shown in Fig. 2448 is a rectangular fire-brick chamber, one side of which is inclined at an 
angle of 45** to 60 , and is provided with a grate at its foot. The fuel is filled in at the top of the 
incline, and falls in a thick bed upon the grate. Air is admitted at the grate, and as it rises slowly 
through the ignited mass it generates the gaseous fuel which is burned in the furnace. The com¬ 
position of the gas varies with the nature of the fuel used and with the management of the gas-pro¬ 
ducer. One analysis, of gas made by burning a mixture of three-fourths caking and one-fourth non- 
caking coal, is as follows: 


Carbonic oxide. 24.2 volumes. 

Hydrogen. 8.2 “ 

Carburetted hydrogen.. 2.2 “ 

Carbonic acid. 4.2 “ 

Nitrogen. 61.2 “ 


iOO.O 

The gas leaves the fuel at a temperature of about 1,000’’ F., and ascends into the upper part of 
the prc^ucer with a slight outward pressure. It is usually carri^ upward to a height of 8 or 10 feet 
above the producer, and is then led along through a horizontal sheet-iron tube, from which it passes 
down to the regenerative furnace, either directly or through an underground flue. 

In the regenerative chambers the gas and the air employed for its combustion are separately 
heated by the waste heat of the flame from the furnace above. These are four chambers, filled with 
fire-bricks, stacked loosely together so as to expose as much surface as possible. The waste gases 
from the flame in the working-chamber of the puddling, heating, or other furnace to which the re¬ 
generators are applied, are drawn down through two of the regenerators, and, heating the upper 
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rovB of bricks to a temperature little short of that iu the furnace itself, pass successively over cooler 
and cooler surfaces, and escape at length to the chimney-flue nearly cold. After heating these two 
chambers for a certain len^ of time, the direction of the draught is reversed. The current of 
flame or hot waste gases is then employed to heat up the second pair of regenerators, and the gas and 
air entering the furnace are passed in the opposite direction through the first pair, and, coming into 


9448. 



contact with the brickwork, are heated as they ascend, until at the top they attain a temperature 
nearly equal to the initial beat of the waste gases. Passing up into the furnace, the gas and air 
meet, an^ thus heated, they at once ignite, pr^ucing an intensely hot flame. The flame after trav¬ 
ersing the working-chamber is drawn down through the second pair of regenerators to the chimney- 
floe. The current is continued in this direction until the uppermost courses of brickwork in the first 
pair of regenerators begin sensibly to cool; but by this time the second pair are sufficiently heated, 
and the draught is again reversed. By reversing the draught at regular intervals, nearly all the heat 
b retained in the furnace which would otherwise escape, the temperature in the chimney-flue rarely 
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acceding 300® F., whatever may be the heat of the furnace. In addition to the economy in the 
amount of fuel medj a much cheaper quality (such as coal-slack^ may be generally burned in the gas- 
produoer than could be used in a furnace working at the same neat, and in which the fuel is burned 
directly upon the grate in the ordinary way. 

Fig. 2449 represents a Siemens regenerative furnace for heating iron. For puddling, the only essen- 
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tial difference is in the shape of the working-chamber. The gases from the producer entering nXBJi 
on the right, and the air for their combustion entering at O 0, pass upward through the heated re¬ 
generators L L and through the flues M N io the working-chamber K if, where they meet and ignite. 
The flame, after doing its work of heating the iron in a AT, then passes downward as shown by the 
arrows through AT and the regenerators X X on the left, heating these as they pass through, 
thence through the reversing valve S to the chimney-flue T, 

In puddling with the Siemens regenerative furnace, it is claimed that the heat can be raised to an 
almost unlimited degree, and that the flame can be made oxidizing or reducing at will, by vaiying the 
proportion of air and gas, without interfering with the temperature. The saving of fuel is claimed 
to be nearly 60 per cent, over the ordinai 7 type of puddling furnace. The yield, as shown by a 
return of 80 consecutive charges of a single puddling furnace, was as follows: pig iron charged, 
average per heat, 483.3 lbs.; ore for fettling, 92.6 lbs.; puddle-bar returned, 485 lbs. The gas- 
furnace turned out 18 heats in 24 hours, against 12 heats in 24 hours in the ordinaij furnace. A 
rolling-mill supplied with 8 double puddling furnaces, each heated by the Siemens regenerative sys¬ 
tem, is now (1879) being built at McKeesport, Pa. It is expected that the capacity of these 8 fur¬ 
naces will be 50 tons per day. 

The Continuous Begenerator .—Several forms of so-called regenerative gas-furnaces have been de¬ 
vised, in which the currents of waste gas, fuel-gas, and air, instead of l^ing reversed and passed 
through different chambers, are caused each to flow continuously through its own chamber. Usually 
the waste gas is applied to heat the air only, the gaseous fuel being taken directly from the producer, 
which immediately adjoins the regenerator, the waste gas and air passing in contraiy directions 
through flues which adjoin each other. Such is the arrangement of the continuous regenerator of 
Messrs. William and George H. Sellers of Philadelphia. The products of combustion are caused to 
pass through a number of fire-clay tubes in a chamber underneath the furnace, and the air is heated 
by passing around these tubes. In this system a part of the heat of escaping gases is sometimes 
applied to heat the entering gas by means of a similar regenerator or tube-chamber. 

In the continuous regenerator of Mr. William Swindell of Pittsburgh, the products of combustion 
pass down under the puddling chamber through a series of flues which alternate with a series of 
air-flues, in passing through which the air is heated, which in the puddling or heating chamber bums 
the gas from the producer immediately adjoining the furnace. A number of flues arc built above the 
puddling-chamber also, into which the air passes after passing through the flues beneath. 

Fricks Retort Furnace. —Mr. John Price of Sunderland, England, about 1876 introduced a furnace 
known as the retort furnace, which has met with considerable success as a puddling furnace in Eng¬ 
land. (Journal of the Iron and Steel Institute^ ii., 1875, p. 453.) It has many of the merits of the 
regenerative furnaces, and is not so expensive in first cost. Fig. 2450 represents a longitudinal sec¬ 
tion of the furnace as adapted for heating. To make it a puddling furnace requires merely an al¬ 
teration in the shape of the working-chamber. .A is a combustion-chamber supplied with grate- 
bars ; £ a heating-chamber, separated from A by the usual bridge; C is the neck, descending into 



an underground flue Z>, leading into an upcast or retort chamber, as it is designated, E. In the 
centre of the chamber X is a fire-brick circular pillar Fy with spaces around, marked EEy and on 
which is placed a cast-iron cylindrical air-vessel &, which is protected by fire-brick. On this air- 
vessel G is built a retort /T, partly of fire-brick, partly of cast-iron. The top of the cast-iron part 
of the retort is fitted with a hopper /, in the throat of which is a damper X, worked by a rocking 
shaft and lever K from the ground. The lower portion of the retort made of fire-brick has two 
necks X X, the one leading to the combustion-chamber for the passage of fuel, the other to the out¬ 
side of the furnace for the insertion of stoking tools, to force the fuel forward into the combustion- 
chamber. The entrance of the outer neck is closed by an air-tight door M. The upcast or retort 
chamber E extends to near the top of the retort, where it is closed by brickwork, but is opened at 
the side by the flue JV, leading to the stack O. Near the bottom of the chamber E are pipes F 
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passing aitnind the chamber, and opening into the chamber E are a number of port-holes leading 
to the space around the pipes P in which the .latter are heated. The blast, entering through the 
pipes Py passes into the heated air-chamber Ey thence through the outlet R into the ash-pit 8, 

In practice, a fire is lighted on the grate-bars, and the furnace well heated. The retort is then 
filled with fuel, and the firing commences from the retort; and by the time the fuel at the top dc- 
Mends to the bottom of the retort it is well heated, and a continuous supply of heated fuel is then 
kept op. The gases generated in the combustion-chamber A pass over the bridge into the heating 
chamber By down the neck ( 7 , into the underground flue D, into the upcast or retort-chamber Ey 
giring op t^r heat to the circular air-chamber &, the retort Hy and the air-pipes jP, their residue 
pissing off by the flue N into the stack 0. Combustion is supported by air under pressure from a 
fan. A return of a single-bedded puddling furnace working 12^ tons of pig iron per week, and of a 
dooble-bedded puddling furnace working 26 tons per week, gave the following figures: The product 
of the single furnace during the time of the test was 212 tons of puddle-bars and scrap iron; of the 
double furnace, 653 tons. The consumption per ton of puddled iron and scrap was: 


Single Furnace. 


Pig and scrap iron. 20,70 cwt. 

Fettling.40 “ 

Coal.14.02 “ 


Double Fumaoe. 
20.97 cwt. 
.21 “ 
10.71 “ 


FitAmmz’s Gca-FurTtact.—Thi^ furnace, as successfully used for puddling at the Ougrde Iron 
Works, near Li6ge. Belgium, is thus described: The apparatus consists of three distinct parts: (a), 
a gas-producer, in which only a small quantity of air is admitted through the grate for the produc- 
tioa of carbonic oxide; (6), a mixing chamber, in which this gas and air is collected by the natural 
drtoght, and in which the combustion of the gas begins; (c), a furnace or laboratory, in which the 
oonbostion is nearly completed, and where the different reactions in the puddling take place. The 
dimensions of each of these three parts vary with the composition of the different coals. Before the 
air arrives at the intermediate chamber, it is circulated beneath the bottom of the furnace, and in 
the sides of the chamber itself, in such a way that both the air is heated and the parts of the fur¬ 
nace are cooled which cannot be exposed to Intense heat writhout injury. The usual dimensions of 
the puddling chamber are increased, and two working-doors are placed at opposite sides. The 
ehar^ of pig iron at each heat is 400 kil. (8 cwt.). In regard to the economy of fuel of this furnace, 
h is stated that the puddling of ordinary white Ou^4e iron, which required with an ordinary fur¬ 
nace 900 to 1,000 kil (18 to 20 cwt.l, is now done with less than 600 kil. (12 cwt.) per ton of pud¬ 
dled bars produced. The puddling of fine-grained iron, which required 1,800 to 1,500 kil. (26 to 80 
cwt), is now done with 800 kil. (16 cwt.). The economy in waste amounts to 3 or 4 per cent. The 
cost of repairs, wear and tear, and labor are also stated to be less than in the ordinary type of fur¬ 
nace. (Revue UniveneUe dee MineVy 1877; Journal of the Iron and Steel InstihUey i., 1877, p. 228.) 

Sevei^ other gas-puddling furnaces have been introduced in various localities, the chief features 
of wfaidi consist in generating gas from coal or other fuel in a chamber, which may either immedi¬ 
ately adjoin the puddling furnace or be removed some distance from i^ and in burning the gas in 
the paddling chamber by means of a current of heated air. The air is heated either by passing 
through fire-brick flues over, under, or around the furnace, or through cast-iron pipes contained in a 
chamber annexed to the furnace. A combination of these plans is adopted in the furnace of Mr. 
William A, Sweet of Syracuse, N. Y. 

Other modifications in the original forms of puddling furnace are the preheating or the melting 
of the iron in a separate chamber, the running it in a molten state from the blast-furnace or from a 
cupola into the puddling chamber, and the enlargement of the puddling chamber and placing two 
woii^-doors, one on each side of it, making what is called a double furnace. The furnace of Mr. 
Benjamin Bayliss of Pittsburgh has three distinct chambers; first, the melting chamber, from which 
the iron is tapped into the second or the refining chamber, where the iron is blown by a blast and 
partially purified as in the ** run-out’’; and third, the puddling chamber proper, in wMch the pud¬ 
dling operation is completed. 

Hot air and steam have been combined to produce the gas from coal for puddling. The steam is 
■uperfaeated and introduced with the air below the grate, decomposing the coal and forming a gas 
vfakfa is burned by a blast of heated air in the puddling chamber. Natural gas has been used for 
about three years at the mill of Messrs. Spang, Chalfant & Co. at Sharpsburg, near Pittsburgh, the 
gas being brought from a well 17 miles distant through a 6-inch pipe. The results have been 
entirely successful both as to quality of product and economy of production. (Pa|>er by Mr. John V. 
Pearse in VoL L., “Second Geolo^cal Survey of Pennsylvania,” 1876.) Dr. C. J. Eames of New 
York has successfully applied petroleum gas, made from crude petroleum and superheated steam, to 
the puddling and heating of iron; but his process has not yet been introduced on a commercial 
Male. (Ef^ineering and Joumaly August 7 and 20, 1876.) 

MscHAjncAL PuDDUKO FuRNACES.—We come now to consider a few of the more prominent forms 
of mechanical puddling furnaces, in which the severe manual labor of the puddler is superseded by 
macfaineTy. These may generally be divided into two classes; the first, those in which the puddling 
chamber itself rotates, and by its motion continually presents fresh surfaces of the molten metal to 
the gaseous current, thus producing the same effect as the stirring done by the puddler; the second, 
those in which the puddling chamber is stationary, and the rabbles are moved by machinery instead 
of by the hand of the puddler. 

DanJa't Rotary Puddling Furnace, —^This fumaoe, the invention of Mr. Samuel Banks of Cincin- 
Bad, after many years of experimenting and the expenditure of large sums of money, has been made a 
practical success, and at the time of publication of this volume is in regular operation at the works of 
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Messra. Graff, Bennett & Ck>., Pittsbargh; Messrs. Hopkins, Gilkes & Ck>., Middlesborough, England; 
and Messrs, ^hneider & Co., Creusot, France. The furnace consists of a fireplace, a reTolving cjlin* 
dricol working-chamber, and a movable head-piece, and is represented in longitudinal section in Fig. 
2451. The revolving chamber is 6 to 6 ft. in diameter and 8 to 4 ft. long. It rests on carrying- 
rollers which permit fre^ rotation, and is made to revolve by means of a special engine geared to it 
by toothed wheels. The cylinder is open at both ends: one end butts against a ring that is fastened 
to the bridge-plate in the stationary fire-box; the other against the movable head-piece, which serves 
both as doorway and as flue connecting with the chimney. The bridge-plate and its ring and the 

joints at the head-piece are 
cooled by water.' The stave- 
plates forming the cylinder 
have hollow ribs to bold the 
lining. The ash-pit and fire- 
bole have closed doors, and 
the air is fed to the furnace 
by means of a fan-blast. The 
chamber is lined with a thick 
paste of pulverized ore and 
pure lime. The fettling is 
then made by throwing in pul¬ 
verized ore and melting it, 
thus glazing the lining. In 
the operation of the furnace, 
after the pig iron is melted 
(either in the furnace itself or 
in a cupola or other auxiliaiy 
melting furnace, from which 
it is transferred), the working- 
chamber is rotated about 6 or 
8 turns per minute. In about 
about 7 minutes more it balls 
together in a pasty mass, whieh rolls and turns from side to centre as the rotation continues, accumu¬ 
lating largely at every turn of the furnace. The puddler now takes a light tool, pushes straggling 
pieces of the pasty mass into the main body, and then stops the furnace to arrange the iron ready 
for balling. The mass is next thoroughly heated for about three minutes; then, slowly rotating the 
furnace, the puddler by the aid of his tools folds the mass over itself, and it is rolled together in a 
spongy porous ball. The movable head-piece being pushed to one side, the ball is then removed 
from the furnace by means of a large fork suspended from a crane, and carried to the squeezer. 

The following commercial details of working of the Banks furnace for two months in 1877 are 
given in a paper by Mr. John L Williams, superintendent of the Mill vale Works of Messrs. Graff, 
Bennett & Co., to whom is due the credit of having first made the Banks furnace a practical success. 
In these furnaces the iron is melted in the revolving chamber. 


Actual number of days worked. 87 

Number of heats made with nine furnaces, single turn. 1,941 

Amount of metal charged, lbs. 1,746,900 

Amount of muck-bar and croppings, lbs. 1,698,010 


Total loss, lbs. 58,890 

Percentage of loss. 8.080 


The amount of coal used for the above, including lighting, keeping up, melting fettling or fix,** 
and all other requirements, was 8,065 lbs. per ton of 2,240 lbs. of muck-bar. The amount of ore 
required for fixing ** was 484.52 lbs., of scrap 49.89 lbs., and of scale 55 lbs. per ton of 2,240 lbs. 
(Metallurgical BevieWy September, 1877.) 

The following details of the working of the improved Banks furnaces at Creusot are given by Mr. 
A. L. Holley: The two Creusot furnaces now make each a ton at a heat, and 20 heats per 24 hours 
for 6 days, or 12 turns per week. The crude iron is somewhat desiliconized in the premelting open- 
hearth furnace, and is for this reason easily puddled in half an hour. All the fettling (ore, s^e, 
and a little scrap) is put in cold. The results of one furnace for the first six months of 1878 are as 
follows: 


Number of turns worked. 862 

“ of charges. 4,806 

Product per turn, lbs. 22,005 

“ per charge, lbs. 1,850 

Consumption per ton of product: 

Pig, lbs. 2,808 

Fettling, lbs. 868 

Coal for all purposes, lbs. 1,161 


The Sellera Rotary Puddling Furnace .—^This furnace, somewhat similar in principle to the Banks 
furnace, is the invention of Messrs. William and George H. Sellers, the inventors of the continuous 
regenerator heretofore described. It is represented in perspective in Fig. 2452. It is designed to 
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be used with gaseous fuel in connection with the regenerator. The revolving chamber is open at 
one end for the reception of the charge and for the withdrawal of the puddled iron, as also for the 
admission of the fl^e and the escape of the products of combustion. At the opposite end the 
Tessel is clo^ by a water-back. The chamber or bowl of the puddling machine when working has its 
open end in contact with an opening of sim- 
ilir size in the front plate of a stack of flues. 

Within the circle of the opening in the front 
plate are arranged the mouths of three flues. 

The two upper flues carry the gas and the 
heated air from the regenerators to the ro¬ 
tating bowl, while an opening larger and 
lower down carries off the products of com¬ 
bustion to the regenerators below the floor. 

At the two upper openings the gas and air 
meet, ignite, enter the furnace mouth, and 
are driven to the back end of the furnace; 
and then reverberating, they pass back over 
the surface of the lower part of the bowl, 
and escape through the down-take, thus fill¬ 
ing the bowl with flame. The flue-stack, 
against which the mouth of the puddling 
chamber closes, is a rectangular casing of 
iron, in which are constructed the three flues 
above mentioned. It is shown in section in 
Fig. 2453. As plainly shown in Fig. 2452, 
the routing vessel can be moved on rollers 
away from the flue-stack. In the Sellers 
puddling furnace used by the Edgemoor Iron 
Company at Wilmington, Del, the charge of 
pig iron is 1,200 lbs. If the charge is melt¬ 
ed in a cupola, it can be puddled in 80 min- 
ntes. The blooms weigh about 6 per cent, 
more than the iron charged, this gain oom- 
ing from the ore-fettling; the consumption 
of coal for melting and puddling is about 
SCH) lbs., and the consumption of ore about 
400 lbs., to the ton of 2,240 lbs. of blooms. 

Rotary Paddliruf Rumaee, —The 
rotary furnace of Dr. C. W. Siemens is simi¬ 
lar in many respects to the Sellers furnace, 
like the latter, the air and gas enter at the 
same end at which the products of combus¬ 
tion are discharged, but at the opposite end 
there is a door through which the charge 
ii entered and the puddle-ball withdrawn. 

This furnace has already been mentioned 
under the head of the ** Siemens Direct Pro¬ 
cess,” in the experiments upon which it was 
naed. 

CrampUm'g Rotary Furnace. —Mr. T. P. 

Crampton of Westminster, England, has in¬ 
troduced a rotary furnace somewhat similar 
to the Sellers and Siemens furnaces, but in 
which the principal feature is the use of 
powdered fueL Coal-dust is blown in at one 
end of the puddling chamber by an air-blast, 
and the products of combustion after reverberating come out into a movable chamber at the same 
end,whirii forms the door. This furnace is said to be in successful operation at the Woolwich 
Ars^l (Journal of the Iron and Steel Institute^ i., 1878, p. 91.) 

Godfrey and Howoon's Rotary Gas-Puddtiny Furnace. —^This furnace, which has been introduced 
in England with successful results, is represented in fig. 2454. The acting part of the machine 
OQDsists of a pan-shaped vessel mounted on an axis. This axis is inserted into a long bearing bored 
out in a framing situated immediately below the pan, a bevel-wheel driven by a pinion being keyed 
on the axis between the bottom of the pan and the frame. The frame itself is mounted on trunnions 
which allow of a tilting motion at right angles to its bearings. The shaft of the pinion which causes 
the revolution of the pan passes centrally through one trunnion, while on the other trunnion a 
worm-wheel is keyed, worked by a worm, through which the tilting motion is effected. It will thus 
be seen that the pan can be revolved at any angle; its position can be changed through an arc of a 
cirde so as to bring its opening at one time in front of the source of heat, and at another to tilt 
out the finished ball. The centre of motion is shown in the drawing as situated a little above the 
bottom of the pan, and the weight of the trunnion frame is adjusted so as to balance the weight 
of the pan and its contents. The source of heat consists simply of an enlarged gas blow-pipe, 
tbe jet from which enters the mouth of the pan centrally or nearly so, while the pr^ucts of com- 
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bastion escape concentricallj outside 
the tuyere and inside the edge of the 
pan. The gas enters from the main 
into an annular space just above the 
tuyere, and the air is forced through 
a nozzle placed centrally, and perfo- 
rated with holes. This arrangement 
is capable of modification, provided 
only the ordinary blow.pipe conditions 
are complied with, viz., that the air 
mixes thoroughly with the gas, and 
that the focus of most intense heat 
may be somewhere near the surface 
of the metal under manipulation. The 
nose of the outer tuyere is protected 
from the heat by means of a coil, after 
the manner of a blast-furnace; but in¬ 
stead of water it is sufficient to allow a 
small jet of steam to circulate through 
it, this alternative being designed to 
obviate the consequences of a leak, 
which might result in a chance explo¬ 
sion in tne pan. The air-nozzle re¬ 
quires no protection. The products of 
combustion are utilized to heat the air 
required for combustion, which passes 
through a series of cast-iron pipes in 
the upper portion of the stack. The air is thus heated to a temperature of about 800^ F. 

The operation of the furnace is thus described : “ The metal having been melted and transferred 
by means of a ladle to the puddling furnace, the pan is now revolved at a moderate speed, 10 revo¬ 
lutions per minute being a convenient rate. Assuming that the pan is fairly red-hot before the 

introduction of the metal, no gas >is required. The 
charge being thus put in motion, the next thing is to 
add the fettling io the shape of ground oxides, in a 
cold state or slightly heated. Melted fettling is not 
employed at all. The oxides are simply sprinkled 
gradually on to the surface of the metal, which rolls 
up the granulated particles among its mass, and rap- 
idly becomes thereby of a thick pasty consistence, 
emitting carhonic-oxide fiames abundantly. It then 
presently rises in temperature, owing to its own in¬ 
ternal chemical action, and be^mes liquid again, but 
not with the usual ap|>earanee. The whole of the 
metal has assumed a granulated condition, swimming 
like rice grains in a bath of cinder. The carbon con¬ 
tinues to escape in flames, but without boiling, until 
the grains get viscous, and have a tendency to stick 
together. From this point to the end of the prooera, 
the rate of revolution should not be more than two 
per minute. Ftill no gas, or very little, is required. 
Xo more heat is necessary than will keep the cinder 
in a liquid state. In the course of some minutes the 
flame begins to diminish, and the tendency of the 
grains to adhere increases, until at last they collect 
together in small ragged masses. An extremely slow 
motion is now requisite, in ordor 
to prevent the formation of crude 
lumps before the iron has been 
properly converted. The longer 
it is kept in a loose and spongy 
state, the better. As soon as the 
carbon flames have vanished, or 
nearly so, a spurt of heat finises 
the operation, and the iron may 
be balled up.” (Journal of the 
Iron and Steel Institute^ il., 1877.) 

Ehrenverth^i Jtotary J^ddlimp 
Eumaee, —^This furnace, the in¬ 
vention of Joseph V. Ehrenweith 
of Bohemia, is shown in trans¬ 
verse section in Fig. 2465. It 
consists simply of a revolving 
hearth fixed on a vertical abaft, 
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and fonned of a cast-iron bottom and flange-plate. The entrance of air to the furnace is prevented 
by a cylinder of sheet iron, fixed to the hearth or flange-plate, and dipping into an annular trough 
in which water continually drculates. The heating of the furnace may done either by an ordi¬ 
nary fire-grate or by gas. When it is charged, the hearth is rotated at the rate of 20 to 24 revolu¬ 
tions per minute, and as soon as the pig begins to melt it is worked about by rabbles provided with 
**peels'* placed obliquely, which are moved either by hand or by engine power. It is said that in 
one furnace having two working-doors 16 to 20 tons of iron can be puddled at a time. (Blake's 
^ Report on Iron and Steel at the Vienna 
Exhibition of 1873,” p. 60; Journal of the 
Iron and Steel InMtUe, i., 1876, p. 340.) 

AUetfnd* Rotary Puddling Amaee,^ 

Sir J. 6. N. Alleyne, Bart., of Derbyshire, 

Bngland, has a puddling furnace somewhat 
similar to Ehrenwerth's. It has a rotating 
bottom of basin form, and rabbles used in 
connection therewith. The basin is formed 
with a double bottom, and is supported on 
a tubular shaft. A pipe extends up this 
shaft, conveying water to the space be¬ 
tween the two bottoms, which keeps the 
upper bottom coot The rabble consists 
of a stem with a number of tines project¬ 
ing down from it into the fused metal in 
the basin. {Journal of the Iron and Sled 
hetUvte, L, 1874, p. 262.) 

PemoCe Rotary Puddling Furnace .— 

The principal feature of this furnace, the invention of M. Pemot, of the works of MM. Petin and 
Gaodet in France, is an inclined revolving bottom, which, as it rests on wheels, may be kept entirely 
removed from the furnace. It is illustrated in the article Steel, which see. A report of the work¬ 
ing of this furnace at the works of MM. Petin and Gaudet, in 1874, states that the bottom will hold 
1,000 kilommmes of pig iron per heat, and with fine pig iron 4 or 6 heats may be got out every 12 
hours. Tm balls formed number 17 or 18 at each heat. The record of the working of 200 tons of 
fine iron and 60 tons of ordinary iron showed: 


Puddling of Puddling of 

flue pi^. ordinary pigs. 


Charge per 1,000 kilogrammes—pig iron. 1,021 1,062 

“ “ ‘ coals. 1,279 726 



The iron obtained was said to be superior to that obtained from an ordinary puddling furnace, and 
the waste of iron was much less. The cost prices taken from the books showed a difference in favor of 
the Pemot furnace as compared with the old system of about 40 francs per ton of 1,000 kilogrammes. 

The furnace has been quite extensively adopted on the continent of 
Europe. {Journal of the Iron and Steel InatUiUe.^ i., 1874, p. 143; 
i., 1876, p. 266.) 

Oirdlow'e Oecillating Puddling Furnace. —This furnace, recently 
invented in England by Mr. Thomas Girdlow, is shown in Fig. 2456. 
It is thus described by the inventor: 

“ It consists essentially of a reverberatory furnace differing but lit¬ 
tle in construction from 
the furnaces in general 
use, the essential feature 
of novelty being that the 
furnace is mounted on an 
axis and is free to njck 
or oscillate. The rock¬ 
ing or oscillating motion 
is given by a small en¬ 
gine, and a neck with a 
curved end is provided 
to keep up an open com¬ 
munication between the 


faraace and the chimney or flue during the oscillation, so that the products of combustion may be free 
to escape. The figure shows a side elevation, with section partly marked. The b^y of the furnace 
is supported so as to be free to rock on the bearings B ; (7 is the curved neck, which fits agamst the 
efammey D ; E\a the gearing by which motion is given to the furnace; F is the hearth, which con¬ 
tains the metal being puddled; O are hollow bridges kept cool by air or water passing therethrou^; 
Hte the fire-grate; I is the door through which the furnace is charged and the blooms removed; t/is 
the firing-door. After the fettlk^ and cinder are placed in the hearth in the usual manner, the fur- 
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nace is charged with iron, and is then ready for action. The furnace is first inclined so that the heated 
gases and products of combustion from the fire-grate shall strike directly against the metal in the 
hearth before passing to the chimney, and thus cause it speedily to assume the molten state. As 
soon as the metal is in a molten condition, the furnace is caused to oscillate slowly; from 6 to 8 
oscillations a minute are sufficient, the greatest angle which the hearth assumes out of the horizontal 
being about 30‘'. The oscillating motion causes the iron to fiow from one end of the hearth to the 
other, and strike against hollow bridges provided at each end and kept cool by air or water. The 
iron while flowing backward and forward acquires a sort of undulating or wave-like motion, so that 
every portion of the mass is brought into contact with both the fettling and the heated gases and 
products of combustion passing through the furnace. The oscillating motion also assists the balling 
if the puddler only takes advantage of the motion of the furnace. The operation of puddling in 
this furnace occupies from 40 to 60 minutes.” (/rtm, May 26, 1878, p. 616.) 

Fumau* with Mee/ianic<d Babbles. —Numerous devices have been introduced from time to time to 
operate the rabbling tools by machinery instead of by hand labor. One of these, the invention of 
Mr. John Griffith, is shown in Fig. 2467. The rabble is worked back and forth through the stopper- 
hole in the door, as in the hand operation, except that motion is given by machinery outside. The 
rabble v is suspended from the r, which is reciprocated by the pitman y and crank shown. A 
reciprocatory motion is also given to the point of suspension of the hanger r, which is communicated 
to the end of the rabble, causing the latter to assume a new direction at each stroke, working succes¬ 
sively over every portion of the floor of the furnace within certain limits, in lines radiating irom the 
hole in the door. When the iron begins to thicken, the machinery is disconnected by knocking out 
the cotter that fixes the upper end of the vertical arm. The latter then drops out, leaving the furnace 
door clear to ball up the iron. (Journal of the Iron and Steel Institute, !., 1872, p. 104.) 

Another plan of operating the mechan¬ 
ical rabbles is shown in Fig. 2468. In this 
the rabble is rotated by a belt from the 
pulley above, and the attendant directs it 
to any part of the floor or basin. The rab¬ 
ble is hollow for the purpose of injecting 
through it air, steam, or other gases into 
the molten iron during the puddling. 

Fepinass^s Meehanical Puddling Fur¬ 
nace. —In a furnace patented by M. A. Es- 




pinasse, and erected at the Firminy Iron Works, France, the puddling apparatus consists essentially 
of a vertical shaft placed in the centre of the fhmace, through the arched roof of which it passes; 
this shaft, which receives a rotary motion, and may be raised or lowered at will, carries at its lower 
end two helicoldal wings or blades, which revolve in the bath of molten metal and thus effect the 
puddling. The results of this furnace arc stated to have shown, in comparison with the ordinary 
type of puddling furnace, an increase in production, a saving in fuel and scrap used, a diminution 
of waste, and a reduction of nearly one-third in wages. (Journal of the Iron and SUd Institute, ii., 

1876, p. 672.) 

The Casson-Jhrmoy Puddling Furnace. —^This furnace, which is represented in longitudinal section 
in Fig. 2469, has been in successful operation for several years at the Earl of Dudley^s Round 
Oak Works, at Dudley, England, and has been introduced in several of the largest English works. 
It varies from the common reverberatory furnace in having a “ gas-producer ” in lieu of the ordinary 
grate; in the puddling chamber being of a perfectly circular form, the sides and bottom plates being 
so arranged as to expand and contract with the variations in the temperature of the furnace; in hav- 
ing, in lieu of a neck, a chamber for the preparatory heating of the pigs; and in the substitution of 
mechanical for hand puddling. The gas-producer is constructed similar in form to the Siemens, but 
instead of the air being heated in a regenerator, it is drawn or blown down the sides of the furnace 
chimney or flue, and under the bottom crown and walls of the producer, the gases being fired at the 
bridge; by this means a temperature of about 800*" is obtained, and the condition of the furnace is 
completely under the control of the puddler, who by arranging the blast-valves obtains either an 
oxidizing or reducing flame, as the condition of the iron may require. The puddling basin rests on a 
brick pillar 1 ft. 4 in. from the ground. On this is set a wrought-iron circular open dish, with sides 
about 4 in. deep. Within this dish 8 or more friction-balls, 6 in. in diameter, are placed at equal dis¬ 
tances from each other. On these spheres two cast-iron semicircular plates are laJd; on these plates 
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quently the fettling. By the absence of inequalities and corners, its shape 
does away with the difficulty usually attending the working of a mechanical 
rabble, at the same time effecting a considerable saving in fettling. The 
puddling machine is fixed over the furnace, and rests on four old rails, 
which seire as ** buckstawes ” on each side of the doors. It is driven by a small double-acting 
engine, to which it is attached, and the movement is precisely similar to that of the puddler, the rab¬ 


bles on either side of the furnace being easily changed during the heat The arms are connected 


by means of spring driving-rods, which protect the machine from any strain that may be caused by 
rabbles. 


The furnace Is worked in the following way: The preparatory chamber, besides heating the pigs, 
setres as a neck to the furnace, as soon as the iron is melted. The rabbles, which are so set that 
they cannot catch into each other in crossing, are fixed to the machine, and worked at a slow motion 
for about five minutes. The speed is quickened until the iron boils, when the slower speed is put 
on till the iron drops. The rabbles are then removed, and the real work of the puddler begins, by 
hia balling up the iron in the usual manner. The balls, which are of the ordinary size, are drawn 
from each door, and the cinder is tapped. A few shovelfuls of hammer-slag are thrown on the bed, 
and the pigs, which have meanwhile l^en supplied into the preparatory chimber, are again passed 
over. These generally melt on the bed in ten minutes or a quarter of an hour. The charges of 
about 13 cwt. usually take from an hour and 20 to an hour and 40 minutes. It will be noticed the 
iron shields are fixed on each side of the doors between the two buckstaves and about one foot from 


the ground fioor. It is found that the heat of the upper portion of the furnace induces a constant 
circ&tion of cold mr between the casings thus form^, and the surface of the brick walls protects 
the puddler when the door is drawn up to pull out the balls. {Journal of the Iron and SUd Jnsiitute, 
L, 1876, p. 109.) W. K. 

IRON-WORKING MACHINERY. Treahtent of the Puddled Ball. —The ball as it leaves the 


paddling furnace is a spongy mass, consisting of particles of iron feebly cohering, with fluid cinder 
filling the interstices between them. To compress the ball into a solid lump, and to expel the cinder 
from it, it is shingled, as it is called, either under a hammer worked by steam- or water-power, er in 
a squeezer. (See Hammers.) 

8queozer9.^-Oue of the earlier forms of squeezer, known as the crocodile squeezer, is shown in 
Figs. 2460 and 2461. It will be easily understood from the engravings without any description. The 


npper jaw alone is movable, and 
it is ribbed or serrated on its 
under surface, where it comes 
into contact with the ball. The 
ball, as it is compressed by the 
repeated downward movement 
of the upper jaw, is placed near¬ 
er and nearer the axis. The 
erooodile squeezer has been al¬ 
most entirely superseded by Bur¬ 
den's rotary squeezer, invented 
by Mr. Henry Burden of Troy, 
N. Y., which is shown in per¬ 
spective in Fig. 2462. It con¬ 
sists of a strong cast-iron wheel, 
vhh its axis vertical, and ribbed 



or serrated on its face, which revolves eccentrically within a strong cylindrical cast-iron frame ser¬ 
rated on its inner surface. The ball is entered at the left-hand side, where the opening between the 
wheel and frame is about 15 in. wide, and by the revolution of the wheel is carried round to the 
place of exit on the right, where the opening is only about 7 or 8 in. wide. The ball as it enters the 
iqueczer is an irregularly-shaped mass, approximately spherical, from 10 to 15 in. in diameter, and 
U emerges comprea^ into cylindrical form 7 or 8 in. in diameter and 12 or 15 in. long. The two 
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hinged bars shown at the right band of the perspective view act as a tripping apparatus to throw 
the ball out from the wheel and upon the plate in front. 

An exeellent form of squeezeri invented by Mr. Winslow of Troy, is in use at the works of Messrs. 
Graff, Bennett k Go., of l^ttsburgh, for eompressing the large 900- or 1,000-lb. balls made in the 
Banks puddling furnace. It consists of two horizontal rolls, about 2 ft. in diameter and 5 ft. long, 

placed side by side, with serrated surfaces, 
and, above these, with its axis parallel with 
and above the line between them, a heavy 
eccentric roll or cam, with a throw of about 
2 ft., its surface also serrated with the ex¬ 
ception of a portion farthest from the axis. 
The rolls and cam are driven by geared 
wheels. The ball, an oblong mass about 
26 in. in diameter and 8^ or 4 ft. long, is 
placed on the horizontal rolls, which revolve 
in one direction, and the cam is slowly ro¬ 
tated, and compresses the ball to an almost 
perfectly cylindrical form, while on one end 
it is rapidly struck by a steam-ram placed 
at the end of the squeezer, in a line with the 
axis of the squeez^ ball. The cam is ro¬ 
tated twice, and the ball when taken out is 
thoroughly compressed into a well-formed cylinder 18 in. in diameter and about 8^ ft. long. The 
ball after leaving the hammer or squeezer is at once, usually without reheating, taken to the rolling- 
mill or roughing-rolls. This consists of massive grooved rolls connected by toothed pinions, and put 




9469. 


in motion by the steam-engine. The rolls are fixed in heavy framings or “housings,” which have to 
support a tremendous strain as the ball is passed through, compressed, and elongated. The rolls 

9463. 



move continuously in one direction, and the bloom is passed between them in one direction, and 
back over the upper roll in the reverse direction. The bar so formed is passed, in the ordinary 
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method of treatment^ through a succession of grooYes gradually diminishing in size, until it is re¬ 
duced to a bar about 4 in. wide, three-quarters to one inch thick, and 12 or 16 ft. long. This is 
known as puddle-bar or ** muck-bar.’* The grooved rolls for working iron were invented in 1783 by 

Henry Ck>rt, the inventor also of puddling. That rolls 
without grooves, for making plate metal, were not in¬ 
vented by Cort at the same time, as is frequently stated, 
but were a prior invention, is shown by a passage in Bos¬ 
well’s “ Life of Johnson.” In the diary of his Welsh 
tour, Aug. 3, 1774, when at Holywell, Johnson says; “At 
a copper work, which receives its pigs of copper, I think, 
from Warrington, we saw a plate of copper put hot be¬ 
tween steel rollers, and spre^ thin: I know not wheth¬ 
er the upper roller was set to a certain distance, as 1 sup¬ 
pose, or acted only by its weight. At an iron work, 
I saw round bars formed by a notched hammer and 
anvil.” 

The puddle-bars are taken when cold to the shears 
(see Punching and Shearing Machinery), cut and piled 
into a second bloom, or “ pile,” as it is then called, the 
nze of which depends upon the size of the iron desired to be made, and upon its intended use, 
leheated in a reverberatory furnace, and rolled in the finishing-rolls to the r^uired shape. Some- 
times this piling, reheating, and rerolling is done several times, in order to increase density 
and strength of the iron, and more thoroughly free it from cinder, for 
special uses. 

Heating Furnaces .—Furnaces for heating the pile or other mass of 
iron vary somewhat in size and shape, according to the size and shape 
of the iron to be heated. In general, they are somewhat similar to the 
common form of puddling furnace, the puddling basin being replaced by 
in inclined bottom, made of sand thoroughly compacted. A common 
form of heating furnace is shown in longitudinal section in Fig. 2463, 
and Fig. 2464 shows a vertical section of the same through one of the 
vorking-doors. It will be seen that the bottom slopes in both direc¬ 
tions toward the fine; this is to allow the cinder formed by a slight oxi¬ 
dation of the iron which takes place during heating to run to a hole in 
the bottom of the flue provided for its exit. 


An improved form of heating furnace, known as Ilowatson’s, is 
shown in Figs. 2465 and 2466. In 1872 there were said to be about 
400 furnaces of this kind in use in England and Scotland. The waste 
heat of the furnaces is utilized in heating the air used for the com¬ 
bustion of the fuel on the grate-bars. At the bottom of the stack or chimney there is a square 
opening, and above it are several perforations in the brickwork, through which the air enters and 
pas s e s into fines snrronnding the base of the stack, where it b^mes heated by contact with the 
sides of said flues. It is then conducted round the neck of 
the foniace into a series of parallel horizontal passages 
under the bed, whence it enters the opening under the fire¬ 
bars, and reaches the fire at a high temperature. The fur¬ 
nace has also been advantageously adopted for puddling. 

{Jommai of the Iron and 8ted Institute., i., 1872, p. 132.) 

RoLLncG-MiLL Machinery.—^T he squeezers, and the com¬ 
mon form of rolling-mill, or “ two-high ” train, as it is 
called, have already been described. In the two-high train, 
one or more pairs of rolls are connected together, and the 
piece of metal requiring to be rolled is passed alternately 
between and over the pmr, the operation being repeated in 
nooessive grooves until the iron is reduced to the required 
size. The rolis present three distinct parts: the body, the 

uedcs or journal^ and the ends or “ wabblers.” The different sets of rolls are connected together 
by spindles and coupling-boxes. The wabblers and the ends of the spindles are grooved, and the 
eoopling-bozes fit loosely over them, allowing a play of about one-eighth of an in(£. The rolls are 
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supported between chucks inclosed in the housings. Each housing is supplied with a lai^ screw. 
These screws, which pass through large nuts fitted to the caps of the housings, press on the chucks 
above the upper roll, and serve to hold them in position. In order to facilitate the entering of the 
bar in the various grooves, wrought>iron pieces called rests are placed in front of the rolls, nearly 
but not quite at the height of the bottom of each groove. On the side of the rolls where the iron 
leaves the grooves are placed other pieces called guides, with grooves in them to direct the iron from 
the rolls. In the smaller sizes of rolls, or finishing-rolls, guides instead of rests are placed in front 

of the rolls, which are then called 
guide-rolls. 

One of the most important im¬ 
provements in rolling-mill ma¬ 
chinery has been the introduc¬ 
tion of the ** three-high mill,*' in 
which three rolls are placed one 
above the other. In this ar¬ 
rangement the middle roll turns 
in a contrary direction to the 
other two. The loss of rime, 
and in heavy rolling the waste 
of labor, in returning the bar 
over the top roll by the common 
system of rolling in the two-high 
mill, is completdy avoided in the 
three-high mill, which reduces in 
both directions. The three-high 
mill has come into most exten¬ 
sive use in the United States. 

For rolling plate, the three- 
high mill invented by Mr. Bernard Lauth of Pittsburgh, shown in Fig. 2467, is largely used. In this 
the middle roll is much smaller than the upper and lower rolls. The smaller a roll for rolling plate, 
the less the power required for a given reduction, since the portion of the plate acted upon at each 
Instant is smaller; but when the rolls are made small enough for economy of power in this regard, 
they are apt to spring, from the immense pressure brought to bear upon them ; the top and bottom 
rolls are therefore made heavy in order to receive the strain transmitted through the middle roU and 
prevent the bending of the latter. 

The handling of the iron, as it is being transferred from one groove to another, or from the upper 
to the lower roll and vice versOy is usually done by workmen with long hooked levers, the fulcrums 
of which are suspended by long rods from the roof framework overhead. For handling veiy heavy 
masses machinery is used to a greater or less extent. One of the most complete appliances for this 
purpose, in connection with the three-high mill, is the ** blooming-tables ” invented by Mr. Geoigc 
Fritz of Johnstown, Pa. The tables, one on each side of the rolls, are lifted and lower^ by hydrau¬ 
lic power, and each table Consists of a series of rollers which are set in motion every time the iron 
comes upon them, by an arrangement of friction and cogged wheels, for the purpose of canying the 
iron into the various grooves. These tables are universally used in the Bessemer steel works for 
handling the heavy ingots in the blooming-mill. An automatic lifting-table for the same purpose, 
the invention of Mr. Charles Hewitt of Trenton, N. J., and used at the Trenton Iron Works, was 
described by Mr. William Hewitt in the Iroti Age of Dec. 2, 1876. It is operated by the weight of 
the iron descending from the upper roll to the lower, which raises a set of counterweights, whose 
weight is afterward applied to lift the iron from the lower roll to the upper, the distance through 
which the iron is lifted on the tables being somewhat less than that through which it descends. 

In England, instead of the three-high mill, the reversing two-high mill is more generally employed. 
In this mill the direction of the rolls is reverse after each passage of the iron. The common method 
of reversing the rolls at present is by means of five spur-wheels, two of which are on the same axis 
and run in opposite directions. To each of these wheels is attached a clawed clutch, the daws of 
which are placed in opposite directions; and into each of the claws is moved alternately a clutch, 
which slides upon feathers fixed to the main shaft The centre clutch is moved into either of the 
side clutches l^fore the bloom, plate, or bar is allowed to enter the rolls, and at the time of the en¬ 
trance of the centre clutch the side clutches are moving at full speed while the centre clutch and rolls 
are stationary. The starting is therefore effected by a blow, the violence of which depends upon the 
speed and weight of the moving parts. Several improvements have been devised for avoiding this 
sudden shock, of which space will not allow treatment here. Reference may be made to the Journal 
of the Iron and Steel InxtUuUy May, 1871, and August, 1872; The EnmnecTy May 18,1870; Engineer^ 
ingy Aug. 3, 1866, May 9, 1873, and March 13, 1874; and the Metallurgical Reviewy February, 1878, 
p. 605. One system of reversing a two-high mill, which dispenses with the use of a clutch, consists in 
the use of a reversing engine, first adopted by Mr. Ramsbottom of Crewe. A two-cylinder engine is 
used, and it is reversed by the ordinary locomotive reversing links; but instead of the hand-lever for 
reversing, a steam or hydraulic cylinder is employed. The sudden stopping and reversing of the 
rolls is effected by admitting steam- or water-pressure to the small cylinder which reverses the link; 
tliis, operating the main steam-valves of the engine-cylinders, admits steam in front of the pistons, 
on which the latter cushion, causing the engine at the will of the attendant either to stop or to move 
in a reverse direction. 

An adaptation of this reversing engine was in 1878 adopted by ^Ir. Andrew Kloman of Pittsburgh, 
for rolling blanks for eye-bars, for bridges, and similar work in which it is required that the ends 
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of the bar shall be left of a lai^r section than the middle portion. He uses a two-high universal 
mill (see below), with a roller-fee^g table on each side. The bar is reversed to and fro as in the 
ordii^ two-high mill until it is reduced to a section equal to that required for the two ends, and 
then slowly passed through the rolls to the point at which it is desired that the reduced middle por- 
tkm shall taper into the larger section of the ends. The engine is reversed at the precise instant 
neoessaiy, and the bar rolled in the reverse direction imtil the point of change of section at the other 
end is ruiched, when the rolls are again reversed, and the operation continued imtil the middle por¬ 
tion is reduced to the required size. The lower roll (which is moved vertically by a hydraulic cylin¬ 
der placed beneath it) is then lowered, and the bar is withdrawn by the feeding-tables. 

The UfdvfTtal Miu. —^This mill derives its name from the facility which it affords for rolling dif¬ 
ferent widths and thicknesses with the same set of rolls. Mr. William Hewitt says: ** Mr. Isaac Drey¬ 
fus of Paris claims to be the inventor of this mill, but we think that he was anticipated by Messrs. 
Hartupee and Alexander of this country (see The Engineer^ June 14, 1861, and the Patent Office 
Report for 1858, p. 176.)*’ It consists, as described in Engineering of May 24, 1876 (as the inven¬ 
tion of Mr. Wagner of Austria), of two horizontal rolls, mounted and geared in the usual way, and a 
pair of vertical rolls, fixed in bearings which can be traversed on slides in a horizontal direction by 
means of a pair of right and left screws. The simultaneous movement of the two screws is obtained 
by a hand-wheel gea^ to a vertical spindle carrying two worms, which act upon wheels keyed on 
to the Bcrew-spin&es. By turning these spindles the two vertical rolls are brought closer together 
or removed from each other, and by these means the width of the bars to be produced in the mill 
can be fixed at wiU. The spacing of the horizontal rolls is secured by screws in the upper part of 
the housings in the ordinary way. When the mill is used as a reversing mill, as is usual, a pair of 
vertical rolls is placed on each side of the horizontal rolls. A mill of this kind is in use at the Mill- 
vale Works of Graff, Bennett A Co., near Pittsburgh, for reducing the bloom of Banks iron after it 
eomea from the Winslow squeezer described above. The cylindrical bloom, 18 in. in diameter and 
about 3^ ft long, is reduced in 10 or 12 passes to a muck-bar plate 26 to 80 ft long, 12 in. wide, 
and seren-eighth^B of an inch thick. A three-high universal mill has been erected at the works of 
the National Tube Works Company in McKeesport, Pa. In this mill the reversing of the engine is 
dispensed with, and the lifting of the iron from the lower to the upper rolls substituted. 

The Ccmiinuoua MiU, —The continuous mill consists of a consecutive series of rolls, each with one 
gmve, one pair in front of another, so placed that the piece to be rolled passes from one pair 
directly to the next pair, and so on to the last pair, being partially reduced by each. As the bar 
decreed in sectional area the velocity of the rolls increases, the last pair moving with the greatest 
velocity. This mill is now largely us^ for the rolling of wire rods. The arrangement of the rolls 
vines. In all it is necessary to so place the grooves that the fin formed on the bar by one pair of 
rolls shall be rolled down by the next pair. TMs is accomplished sometimes by having the pairs of 
rolls alternately placed horizontal and vertical, or by having the axes of each pair inclined at angles 
which alternate with each other, or by turning the bar as it passes from one pair to the next. A 
continuous mill for rolling wire rods, invent^ by Mr. George Bedson of Manchester, England, con¬ 
sists of a long series of rolls placed in pairs, alternately horizontal and vertical, each )^r having one 
groove, throi^ which the wire passes, and is delivered to the next pair, reduced in section and ex¬ 
tended proportionately in length. The gearing is so arranged as to give a higher speed to each suc¬ 
cessive pair. In the course of the operation one part of the billet is within the furnace, while 
mother part is being coiled up at the other end of the mill in the form of wire. (Osborn’s ** Metal¬ 
lurgy,” p. 816.) 

Another form of continuous mill, invented by Jeremiah Brown (British “ Specifications of Patents,” 
A D. 1868, No. 2,501), is thus described by the inventor: ** It consists in arranging two series of 
roDs, one in advance of the other, each of the series consisting of four or more rolls. The rotation 
of series of rolls is in a direction opposite to that of the adjacent series. Thus, when I employ 
two series, eadi consisting of four rolls, I arrange them in the following manner: The first pair of 
roDs rotates in a direction proper to take the bloom or slab or pile from the workman, and after 
bavii^ passed through the said rolls to deliver it to the second pair, immediately in front of the 
first pair, having rotation in the same direction, but sometimes driven at a higher speed than the first 
pair. The bloom or slab is now returned through a third pair, the axes of which are in a line with 
the axes of the second pair, but which third pair rotates in a direction opposite to that of the first 
tod second pairs. The bloom, pile, or slab is delivered by the third pair of rolls to a fourth pair, 
whose axes are in a line with the axes of the first pair, and which rotate in a direction similar to 
that of the third pair. The slab, pile, or bloom, having thus passed through four pairs of rolls, is 
delivered back to the workman on that side of the system of rolls from which it was introduced.” 

Still another modification of the continuous mill is that known as the “ open-face ” system, in 
which the consecutive pairs of rolls are placed not one in front of another, but side by side in line 
with each other. The alternate pairs are so geared as to rotate in contrary directions. The billet 
or rod is introduced into the first pair, and a workman rapidly catches the end as it emerges on the 
other side and enters it into the second pair, on the other side of which another workman catches it 
tod enters it in the third pair,«and so on, the rod sometimes being in five or six pairs of rolls at 
once. The rolls increase in velocity, each over the next preceding; and the last roll is sometimes 
ran so fast as to give the rod as it emerges a speed exceeding 1,000 ft. per minute. An improve- 
loent recently made in the continuous mill for wire is the introduction of a curved guide of U-shaped 
Mction, readiing from one groove to the next, through which the rod is run, thus dispensing with 
tbe workman at each groove. The perfection to which this type of mill has been brought for wire 
purposes is extraordinary. One bu(^ mill recently (November, 1878) is said to have rolled 64,820 
tbs. of No. 4 wire in 9 hours. The continuous mill has been introduced also for the rolling of hoops, 
ttd is likely soon to be applied in one form or another for many other purposes. 
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The rolls commonly used in iron works turn out round bars in a rough state, and only approxi¬ 
mately straight. They may be straightened by the ordinary straightening machine, which consists of 
one or more pressure-screws or cams operated by any convenient mechanism, by which pressure is 
brought successively on the various parts of the bar which are out of line. This is a very rough 
contrivance, and requires a considerable amount of labor to operate it. Several improved machines 

for rolling or straightening bars 
or tubes which are very much 
superior to the old forms will be 
described. 

LauUCt Straightening Machine, 
—This machine, made by Mr. 
Bernard Lauth, as seen in F!g. 
2468, consists of five rolls, three 
lower and two upper, with grooves 
corresponding to the section to 
be rolled and straightened. Any 
of the ordinary sections, such as 
rods, bars, rails, beams, or an¬ 
gles, may be straightened in this 
machine. Three of the rolls, 
two lower and one upper (and 
between the two), are so spaced 
that the piece to be rolled, if per¬ 
fectly straight, will fit exactly 
between them. The other two, 
which are on the entering side, 
are also so spaced that the piece 
may be entered between them, 
but are so placed with reference 
to the other throe as to give the 
bar or piece a very slight bend as it goes from the two to the three. This takes out any bend which 
may previously exist in the bar, replacing it by a slight bend always in the same direction, which the 
thr^ rolls remove. 

Reeti^t Conical Ditk-Rolh ,—This machine, invented by Mr. Jacob Reese of Pittsburgh (patents 
66,832, June 18, 1867, and 190.983, May 22, 1877), is used for rolling and straightening (^lindrical 
bars or tubes. The disk-rolls have slightly conical faces, and are arranged with the apex of one 
cone opposite the circumference of the base of the other, the opposite faces of the rolls ^ing parml- 


2460. 




2468. 



lei. These disk-rolls are caused to revolve In the same direction by means of the gearing, and con¬ 
sequently the surfaces of the rolls opposite each other will move in opposite directions, while the 
movement imparted to a cylindrical bar or tube (in the line of its axis) passing between the disk-rolls 
will be in one direction when the bar is above a line drawn through the axes of the rolls, and in an 
opposite direction when below this line. A movable rest is arranged between the rolls, and parallel 
to the operating faces thereof. In the operation the disk-rolls are adjusted by means of screws to 
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soit the dkmeter of the bar or tube to be rolled or straightened. The rest is brought to its lowest 
poahion, the rolls are rerolved, and the cylinder is seized by the rolls, one of which works with a 
downward motion on the line of bite, and the other with an upward motion, imparting to the bar or 
tobe a rotary motion on its axis, and at the same time a forward motion in the line of its axis. As 
soon as it is desired to 


rererse the direction of 
this latter motion, the 
rest is moved until the 
bar is brought above the 
centre of the rolls, when, 
while it continues to ro¬ 
tate on its axis, the for¬ 
ward motion in line with 
its axis is reversed, with- 
oat reversing the rolls. 

The speed of die motion in the line of its axis will also vary with the distance the bar is above or 
below the centre of the rolls; when at the centre this motion will cease. The highest speed is about 
100 ft per minute. When it is desired to reduce the bar while in the rolls, the screws are turned 
10 as to bring the faces of the rolls closer together, and thus the cylindrical bar or tube may be 
ndled, reduce^ and straightened by a sin- 





^ workman and in one contmuous opera- IhTI. 

tioQ. One of these mills is in use at the 
steel works of Messrs. Benjamin Atha k 
Coi in Newark, N. J., rolling steel rods, and 
one has recently been built for the Cleve- 
Und BoUing-Mill Company (1879). 

SeamoiCs Rounding and StraighienitM 
Matkine .—^This machine, invented by J. S. 

Seaman of Pittsburgh (patents 156,760, Oc- 
tober 6, 1874, and 192,460, November 28, 

1876), is shown in Fig. 2469. It consists 
of four collared or grooved rolls, two placed 
side by side (separated by a space which is 
adjnstableX above the other, 

dzMly a^ve the line between the two 
side rolls. The axes of the upper and low¬ 
er rolls are parallel; the axes of the two side 
tolls are parallel in their vertical planes, 

but their horizontal planes cross at a slight angle, one being raised above the other at one end, the 
seooDd being raised above the first at the other end. The two side rolls revolve in one direction. 
The bar to be rolled is passed into the quadrangular-shaped space between the faces of four rolls, 
snd the surfaces of the side rolls touching it and rotating in contrary directions cause it to rotate. 





The angular motion of the collars of the side rolls, caused by the obliquity of their axes, produces 
a forw^ motion in the bar to be rolled, and thus it is passed through from one end to the other. 
The upper and lower rolls act merely as guides to keep the bar in place between the side rolls. Any 
that may be desired may be brought upon the bar by the side rolls, and as it leaves the 
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9478. macbine it is rounded, straightened, and polished. 

Twenty of these machines were said to be in use in 
Tarious mills in 1878. 

Bending Rolls .—This description of machine is em¬ 
ployed to bend plates or other pieces of metal at any 
desired curvature or circle within the limits of the 
capacity of the machine. In the improved bending 
machine shown in Fig. 2470, Messrs. Ellers have ar¬ 
ranged two pinching-rolls, one directly over the other, 
both being driven. The bending-roll is placed to one 
side of the lower roll, with the housings so made as 
to guide the bending-roll diagonally past the lower roll 
toward the upper one, as shown in Hg. 2471, in which 
the top roll A is placed directly over the bottom roll 
£. C is the bending-roll, adjustable toward A in the 
direction of the diagonal dotted line. When roll C is 
down far enough to have its top level with the top of 
roll J?, then a plate, I) can Im passed between rolls 
A and B without being curved; but when C is raised 
toward the position indicated by the dotted circle C\ 
then the plate will be curved. The pinching-rolls are 
geared tc^ether to insure that they revolve in proper 
relation one to the other, and thus avoid any calender¬ 
ing motion on curved plates. To enable the removal 
from the rolls of plates bent to a full circle, the top 
roll is made to tilt at one end. 

Plaie-RotU .—In Figs. 2472, 2473, and 2474 are rep¬ 
resented the rolls used by one of the largest boiler-plate mills in the world, that of the Famley Iron 
Works near Leeds, England. The rolls are 31 in. in diameter and 11 ft. long, and are driven by a 




pitch, and they are worked by ordinary spanners (not shown) having a radius of 4 ft. and 16 arms. 
The feet of the housings ore planed where they rest on the bed-plates, and the holes for the screw- 
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bashes bored. Holes are also cast in the 
housings (or the balance-pillars to pass 
through, and the latter are cottered into 
the chocks as shown. The arrangenient 
for trareling the slab or plate forward into 
the rolls consists of a roller 9 in. in diame¬ 
ter traversing nearly the whole length of 
eadi plate (front and back), as shown in 
the half plan and cross-section, Figs. 2473 
and 2474, this roller being supported in 
the middle of its length by a friction-roller. 
On the outer end of the bottom (main) roll 
b keyed a plain friction-roller 2 ft. 9 in. in 
diameter and 9^ in. wide, and on the end 
of each 9-in. roller-spindle (which passes 
through the body of the housing, and is 
carried by the outer bearing) is keyed an¬ 
other roller 15 in. in diameter; l^tween 
the two rollers mentioned a third roller 
rcTolTes loosely on an eccentric shaft, as 
shown in the end elevation. Fig. 2474, this 
roller being forced into contact with the 
other rollers by means of the lever shown, 
and thus givi^ motion to the rollers in 
front and back plates and traversing the 
slab or plate as required. This arrange¬ 
ment has been found to work well, ^e 
front and back plates are each in one cast¬ 
ing, and drop into recesses formed on the 
inside faces of the housings; deep pockets 
are cast for the guards to drop into, the 
latter being notched as shown on the plan. 
Among other heavy work turned out by it 
were eight plates measuring 10 ft. 2 in. by 9 
ft 10 in. in area, manufactured for Messrs. 
Kej of Kirkcaldy. These plates were made 
from slabs from 4f in. to 5 in. thick, and 
were rolled out to the required dimensions 
in 34 passes, the average time required be¬ 
ing 7 minutes, and the pressure of steam 
n^ being 50 lbs. per square inch. More 
recently o^er plates of similar dimensions 
have rolled out by 33 passes in 5J 
minutes; and it is expected that with fur¬ 
ther practice in handling these heavy slabs, 
this time will be reduced to 5 minutes. In 
all the above-mentioned cases the plates 
hare been successfully rolled off without 
anj hitch whatever. 

BoU-RoIIm. —^Fig. 2475 illustrates some 
improvements in i^-rolling mills described 
bj Mr. A. Thomas in a paper read before 
t^ Iron and Steel Institute of Great Brit¬ 
ain (1877), which consist in the suppression 
of all the usual double collars, and in the 
casting of the top roll with grooves on one- 
half of its length only, while the remain¬ 
der is left plain and n^e conical; or, if 
froored all along, this latter half is des¬ 
tined for use in another train, or, if pre¬ 
ferred in the same housings, by reversing 
the roll The bottom roll is also cast with * 
grooves on one-half of its length only, the 
remainder being left taper or conical, or 
this latter half is done away with altogeth¬ 
er. The middle roll carries grooves on one 
half of its length, and ridges on the other 
half, til the grooves which roll in the same 
direction being placed next to each other, 
while in the ordinary system the grooves and 
ridges alternate, the neighboring grooves 
rol^ alternately in inverse directions, 
which causes the necessity for the double 
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collars between the grooves. The top and bottom rolls, when cast with conical ends, are left quite 
in the rough on this useless portion, in order to economize cost of material. The lower roll, from the 
same motive, is generally cast hollow. In this mill, the bar or ingot or bloom is first passed through 
the roughing-rolls, in the following order, as shown in the drawing: first between the middle and 
bottom roll, at A ; then between middle and top roll at B; and successively through C, 2>, and R, 
From this the bar is carried at once to the finishing train, and passes successively through grooves 
Hy and /. Such a disposition gives very great facilities for the rolling of all kinds of profile, 
angle, and T iron, and rails; and no difficulty whatever is experienced in producing lengths of 80 ft. 
in one single heat, and without need of fiat bars in the piling. Experience has demonstrated an 
economy of from io to 100 per cent, in the weight of castings needed for the rolls, as compared 
with the older kind, joined to 100 per cent of economy in the turning and repairing of the same. 

StrdcJiing and JStraighiening Machine. —In Fig. 2476 is represented an ingenious machine for 
straightening bars devised by Mr. S. W. Baldwin of Yonkers, N. Y. On the main sha^ driven by 
the large belt-pulley shown, are pawls which engage in a rack on a carriage which slides in ways 
on the bed of the madiine. At the rear end of the carriage is a screw^lamp. Extendi^ across 
the bed are numerous horizontal cross-ribs, on which the bar after it comes from the rolls is placed. 
One end of the bar is secured in the clamp on the carriage, and the other extremity is fastened 
in another clamp shown in process of adjustment by the workman on the left. This clamp travels 
on wheels running on a rail beside the bed, and may be adjusted and secured in any desired posi¬ 
tion. On the power being communicated to the main pulley, the pawls on the shaft are caus^ to 
engage in the rack, and so move the carriage to the right (as shown in the engraving), thus stretch¬ 
ing and at the same time straightening the bar. As soon as this operation is completed, the clamps 
are loosened, and the bar is moved over to one side of the bed, where the cross-rails are inclined, 
and here it is left to oooL The carriage may be quickly returned to its original position by hand. 
The machine is strongly built, and has been put into successful use in large iron works. 

Cold Rolling. —^This process, patented by Mr. Bernard Lauth in 1862 (patent No. 26,235, Aug. 23, 
1869), consists in passing rods or bars in a cold state through the rolls, reducing them very slightly 
at each pass. The result of this treatment is to strengthen the iron, and at the same time give it a 
finished appearance. Ordinary wrought iron, by being cold-rolled, may have its ultimate strength 
increased as much as 60 per cent, or even more, the amount of stren^hening depending upon the 
amount of reduction, which however must not be carried to too great an extent, as the bar is thereby 
weakened. The elastic limit of the bar may be mcreased by cold-rolling more than 100 per cent. 
The ductility, however, is decreased, and in general the effect is to give the iron the qualities of hard 
steel Cold-rolling has been applied principally to shafting, and to the finger-bars of mowing 
machines, for whidi purpose it has b^n used very extensively by Messrs. Jones k Laughlins of 
Pittsburgh. It is gradually being adopted for many other purposes. (Metallurgical Review, Septem¬ 
ber, 1877, p. 18.) 

Worke for Reference. —Under many of the subjects treated of in this article, and the articles on 
Iron-makino Procuesses, are inserted references to publications in which detailed accounts of these 
subjects will be found. For a description of iron-making methods and apparatus used prior to 1864, 
by far the best general work in the English language is Percy’s “ Metallurgy of Iron and Steel ” 
(London, 1864). The works of S. B. Rogers, Overman, Bauerman, Fairbaim, Kohn, Crookes and 
Rohrig, and Osborn may also be consulted. For the more recent literature of iron-making recourse 
must be had to the periodicals. The most valuable publication of this kind is the Journal of the 
Iron and Steel Institute of Great Britain, established in 1869. In this will be found origii^ papers 
on nearly all branches of the modem metallurgy of iron; and it is especially full on the subject of the 
new puddling furnaces. A few valuable papers are to be found in the TVansactions of the American 
Institute of Mning Engineers, the Journal of the Franklin Institute, and the Metallurgical Review. 
Papers on iron-m&ing are also constantly appearing in the English weekly engineering and iron- 
trade journals, chief of which are Engineering, The Engineer, Iron, and The Iron and Coal Trades 
Review, and in the American weeklies, the Iron Age, the American Manufacturer and Iron World, 
and the Engineering and Mining Journal. W. K. 

JACKET. Most commonly an outer case or envelope, usually of non-conducting material, designed 
to prevent radiation from the vessel inclosed. Steam-cylinders are often provided with a jacket of 
live steam circulating in the annular space between the cylinder itself and an outer casing, the object 
being to prevent radiation from the cylinder. Cylinders of air-compressors, on the other hand, often 
have jackets of circulating cold water, which reduces the temperature of the air heated by compree- 
sion. (See Air-Compressors.) Evaporating pans are sometimes heated by a steam-jacket; and 
steam-boilers are jacketed with felt to prevent radiation. 

JACK-PLANE. See Planes. 

JACKS. Mechanical devices for raising heavyweights. A jack often consists of a small pinion 
worked with a common winch. This pinion works in the teeth of a large wheel, on whose axis there 
is fixed a small pinion with teeth, working in a rack. The turning of the handle raises the radc, and 
of course any weight attached to it. If the length of the handle of the winch be 7 in., and the pinion 
which it drives contain 4 leaves, working in the teeth of the large wheel having 20 teeth, then will 5 
turns of the handle be requisite for one of the wheel. But the length of the arm of the winch being 
7 in., the circumference through which the handle moves will be about 44 in., and for one turn of 
the wheel the handle must pass through 6 x 44 = 220. The wheel carries a pinion of, say, 3 leaves, 
of a pitch of one-third of an inch, working the rack that carries the weight; one turn of the pinion 
will, therefore, raise the rack one inch, and as the power moves through 220 in the same time, 220 
will be the power of the jack. 

Fig. 2477 represents a plan of a jack-screw for turning large stone. 
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Figs. 2478 and 2479 exhibit a side view and plan of a traversing screw-jack. The screw-jack A is 
bolted to the plank C; at the other end of the plank is fixed the rack in which the toe of the 
strut F advances as the screw B is elevated; the strut works in a joint in the follower K: the posi¬ 
tion of the strut when the screw is depressed is shown by the dotted lines. The object of this strut 
is to relieve the screw of the violent cross-strain to which the apparatus is subject, when the engine 
or carriage is pulled over by the lever; which strain is entirely transferred to the strut, and the 
screw has merely to carry the load. The operation of traversing the jack is by hooking tho link / 
upon the hook of the lever the toe of the lever being inserted into a ratdiet of the rack U of the 
lower plank, when a man bearing down the end of the lever drags the apparatus and engine or car¬ 
riage toward him with great facility; the same lever is used to turn the screw, and to produce the 
traverse motion. 

Another form of traversing jack is shown at Fig. 2480, side elevation ; Fig. 2481, end elevation; 
and Fig. 2482, section through vertical screw. The lift of this jack is effected by means of a crank 
or lever, applied to the axis a, which works the bevel-gear h c, the latter gear being cut on the pro¬ 
jecting face of the nut e ; the revolution of this nut lifts or lowers the vertical screw, and with it the 
jaw d ; the screw-head, moving freely in a socket of the jaw-head, permits the latter to rise or fall 
without side movement. The horizontal screw a a, working into a nut in the foot of the upper screw- 
frame, effects the horizontal or traversing movement of the jack, the frame of the lower screw serv¬ 
ing as a bed or slide for the latter movement. A ratchct-lever may be used to work either of the 
screws instead of a crank. 

The Hffdravdic JaFk devised by Mr. R. Dudgeon is the simplest and most portable in comparison 
with the force it is capable of exerting. The ordinary form of base jack is shown in Fig. 2483, and 

3488. 3484. 


Fig. 2484 is a sectional view of a locomotive jack. 

The machine is from 2 to 8 or more inches in diame¬ 
ter, according to the power desired, with an enlarged 
head (attached to the inner cylinder which is the 
ram), having a socket for the reception of the lever, 
by which the piston of the force-pump is worked. The 
ram, with its head, contains just so much water or 
other fluid as is required to fill the vacancy in the cyl¬ 
inder caused by the raising of the ram in the act of 
lifting; and when this is accomplished the water is 
returned into its original recess D by a valve operated 
by the lever that works the pump. The force-pump, 
piston, and valves are contained inside of the ram. 

The lever L is detached, and may be put on at pleas¬ 
ure. The joints in the head maintain a parallel motion for the force-pump piston, which is the ful¬ 
crum of the lever. The ground-lifting attachment is an iron tube screwed into the lower side of the 
head, and passing down to the bottom of the press outside of the cylinder, on the lower end of which 
is a claw that supports the weight to be rais^. These jacks arc light, portable, and of easy appli¬ 
cation. A jack to raise 4 tons weighs not more than 50 lbs., and one to raise 60 tons not more than 
200 lbs. They are all worked by the labor of one man only, which is capable of raising 10 tons 
through a space of one foot in minute, or 60 tons the same distance in 10 minutes. 

JACQUARD LOOM. See Looms. 

JETTY. A jetty is a dike or pier constructed of wood or stone, or of both combined, and projecting 
into the sea from the shore, in such a way as to cover the harbor from the action of wind and waves. 
Jetties are also constructed for the purpose of securing sufficient depth of w'atcr at the mouths 
of rivers obstructed by bars, this result being obtained by contracting the natural channel of the river 
by two lines of jetties, and thereby increasing the velocity of the current sufficient to keep the chan¬ 
nel free from deposits of material brought down by the river. 

The Miesisfippi River Jettice .—One of the most important engineering works of modem tiroes has 
been the construction of the jetties at the mouth of the Mississippi River, by Captain James B. finds. 
The object was to create and permanently maintain a wide and deep channel between the Sou^ Pass 
of the Mississippi and the Gulf of Mexico, 80 ft. in depth and S50 ft. in width. South Pass is one 
of the three into which the river divides itself about 12 miles above the gulf. Southwest Pass and 
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Pass i POutre being respcctivelj to the right and left of it. South Pass is much the smallest of the 
three, and across its bead there stretched a wide bar having but 14^ ft. of water at average flood- 
tide. In order to obtain a deep ship-chamiel to the gulf through South Pass, it was necessary to 
deepen the bar at the head of the pass. Immediately below the bar the South Pass becomes at once 
much more narrow and deep, and assumes its normal cross-section. It is from 600 to 700 ft. wide, 
and from 45 to 65 ft. deep. The general course of the pass is a reversed curve, the reversing point 
being near Grand Bayou, where a volume was thrown out to the right that was about 23 per cent, of 
the Tolnme of the pass. By means of a dam constructed at Grand Bayou, this entire volume is 
thrown into South Pass. The length, from the head of the pass to the land’s end at the mouth of the 
p^, is about 10 miles. Here the water began to spread out to the left over a bar extending for a 
mile toward the gulf. The western shore of the pass also recedes quickly. At a distance of 4,000 ft. 
from the eastern land’s end, the width of the pass is about 1,700 ft., measured from the bar on the 
east to the shore on the west. The western shore now receded more rapidly, and at a distance of 
2,000 ft. farther out there was no shore on either hand to confine the river water, except a small reef 
on each side. It therefore rapidly spread out, losing its velocity and consequently its carrying power, 
thus by deposits of sediment slowly forming shoals and bars. In the central thread of the current 
the depth was greater, and the velocity was retained by the momentum of the volume in the still 
deeper channel-way above. This velocity was soon lost by the gradual shoaling, and a bar, having but 
I i ft. of water upon it at average ebb-tide, was formed directly across the pass, connecting with bars 
still more shoal on either side. 

The objects in view in locating the jetties were to maintain between them a width that would insure 
• permanent depth of 30 ft, and so to direct the outflowing current as to give it the benefit of the 
strong westerly current that is found in front of the delta of the Mississippi, caused by the prevailing 
eisterly winds. The width determined upon was 1,000 feet. 

The guide-piling for the east jetty was the working line for the location. It commences at land’s 
end and skirts the edge of the bar for 9,000 ft., which in a great measure protects the work from the 
vires of the gulf. Beyond this point the jetty is exposed to the full violence of storms and breakers. 
The bar banning at land’s end had an upward slope seaward averaging 1 ft. in 400 ft. This ascent 
vas very uniform until the summit was reached, where there was a plateau about 3,000 ft. long. The 
depth on this plateau did not vary much from 7i ft. at average ebb-tide. At the sea end of it there 
vas a descent of about I ft. in 60 ft. to the deep water of the gulf. The guide-piles at the sea end 
of the east jetty were placed in 35 ft. of water. The west jetty piling commenced at a point 1,000 
ft vest of the east jetty and 4,000 ft. from the land’s end, on the east side, measured on the line 
of the east jetty. Its alignment was parallel to that of the east jetty, and extended to a point nearly 
opposite to the end of the east jetty. The ultimate limit is in H line due west from the end of 
the east jetty. This arrangement 
throws the east jetty seaward of 
the west about 800 ft., to give 
a sheltered entrance to vessels. 

The piles in both jetties were 
driven as guide-piles only for the 
villow-work, and did not in any 
wav form a part of the final con- 
ttructioa. During the progress of the work they assisted materially by forming a good anchorage 
•od protection for the more important mattress-work laid against them. The west jetty is con¬ 
nected with the shore by a dike of piling and willow-work. 

The willow strips of which the jetties are made were obtained on the delta of an old crevasse in 
the river called the ^ Jump.” The method of compressing the strips into ** mattresses ” is shown in 
Figs. 2485, 2486, and 2487. The ways on which the mattresses were made were simply an inclined 
pUoe made of timbers placed at right angles to the banks of the pass, with the lower end in the 
VBter and the upper about 6 ft. above it. The inclination of the timbers was about I in 10. They 


2486. 



vers placed 5 fL apart, on piles driven to the proper height, and tops cut to the bevel of the incline. 
On these timbers, and lengthwise of them, was a ribbon of 3-by-3-inch scantling. This was spiked to 
the timbers, and had its upper surfaces adzed off to the width of half an inch. These ribbons were 
then well greased, and a floor was nailed to the under side of the timbers to prevent workmen fall¬ 
ing through. The material for the frames of the mattresses was piled up just above the ends of the 
vijs. These strips were 2^ by 6 in., and from 25 to 45 ft. long. The mattresses being usually 100 
ft. louse, the strips were cut to make that length when joined. After being placed upon the ways 
the joints were fastened by a lap of the same material, about 6 ft. long, and spiked to the strips. 
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Holes were then bored through these strips H diameter, and at distances of 6 ft. apart; 

hickory pins, the ends being turned to fit the holes tightly, were driven into them, and oak wedges 
into the lower ends of the pins. The strips, with the pins standing upright, were ^en moved down 
the ways and spaced 4 ft. 6 in. apart. The willows were then carduUy placed side by side on the 
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strips across the frame. These were Imd in layers of 6 in., alternately crosswise and lengthwise, 
until they reached above the tops of the pins. Strips of about 40 ft. in length, after having been 
bored to correspond with the upper ends of the pins, were placed across the mattress, pressed down 

with levers, and secured 
with wedges. Thus com¬ 
pleted, each mattress was 
pulled off the ways by a 
tug-boat and tow^ to its 
location on the line of the 
jetties, where it was sunk 
by weighting it with stones. 
The cross-section of the 
finished jetty is shown in 
Fig. 2488. A mattress 2 
ft. thick and from S5 to 50 
ft. wide is laid on the bar 
for a foundation. On this 
the other courses are laid, of less width but usually the same thickness, each course being sunk and 
securely held in place by rock. When the slope of the bed between the jetties becomes formed to 
suit the new cross-section, and when the edge of the foundation mattress drops down to meet this 
slope, another mattress is laid on 

the slope and against the edge of the 3^89. 

foundation mattress. The whole ' 

surface of the mattress exposed is 
then covered with rock. Dimen¬ 
sion stones, laid dry but close to¬ 
gether, form the crown of the jet¬ 
ties, and appear above the water. 

At the sea ends of the jetties are 
long easy slopes and a covering of 
heavy stone. 

Effect of the Jetties ,—The act of 
Congress enabling Captain Eads to 
undertake the construction of the 
jetties was passed March 8, 1875, 
and work was begun during the 
following month of May. Up to 
March 4, 1876, 1,791,703 cubic 
yards of the volume of the bar 
had been removed. In June, 1878, 
there was a channel 22 ft. deep at 
average flood tide throughout South 
Pass and between the jetties to 
deeper water in the gulf. The least 
width was 160 ft. 

See ** Annual Reports upon the Improvement of South Pass of the Mississippi River,” by M. R. 
Brown, Captain of Engineers U. S. A. A rej>ort by a commission of army officers to the ^cretary of 
War made in 1879 establishes very fully the complete success of the works, and testifies to the oon- 
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lUnt improTement in the jettied channel, resulting in its deepening to 23 ft. The Commission 
also testifies to the fact that, instead of there being a re«fonnation of the bar in front of the jetties, 
there has been a deepening of the water in advance of them, and a decided disappearance of bar 
material over an area of a mile and a quarter square. 

SUyne and Wooden Jetties ,—^The crosS'Section and construction of a stone jetty differ in nothing 
from those of a breakwater, except that the jetty is usually wider on top, 30 h. being allowed, as it 
serres for a wharf in unloading vessels. The bead of the jetty is usually made circular, and consid¬ 
erably broader than the other parts, as it in some instances receives a lighthouse or a battery of 
cuuon. 

Wooden jetties are formed of an open framework of heavy timber, the sides of which are covered 
oa the interior by a strong sheeting of thick plonk. Each rib of the frame consists of two inclined 
pieces which form the sides, of an upright centre-piece, and of horizontal clamping-pieces, which are 
notdied and bolted in pairs on the inclined and upright pieces. The ribs are connected by larger 
itring-pieces at their points of junction. The foundation on which this framework rests consists 
osoally of 3 rows of large piles driven under the foot of the inclined pieces and the uprights. The 
rows of piles are firmly connected by cross and longitudinal beams notched and bolted on to them; 
tad they are, moreover, firmly united to the framework in a similar manner. 

Fig. 2489 represents a cross-section of a wooden jetty. The foundation of the jetties requires par¬ 
ticular care, especially when the channel between them is very narrow. Loose stones thrown around 
the piles is the ordinary construction. The top of the jetties is covered with a flooring of thick 
plaxik, which serves as a wharf. The sides of jetties have been variously inclined; the more usual 
iadin^n varies between 3 and 4 perpendicular to 1 base. 

Groins .—Constructions termed groins " are used whenever it becomes necessary to check the 
effect of the current along the shore, and cause deposits to be formed. These are artificial ridges 
which rise a few feet only above the surface of the beach, and are built out in a direction either per- 
peiMficular to that of the shore, or oblique to it. They are constructed either of clay, which is well 
ixfflmed and protected on the surface by a facing of fascines or stones, or of layers of fascines, or of 
one or two rows of short piles driven in juxtaposition; or any other means that the locality may fur¬ 
nish may be resorted to, the object being to interpose an obstacle which, breaking the force of the 
corrent, will occasion a deposit near it, and thus gradually cause the shore to gain upon the sea. 

JIB. See Cranes and Derricks. 

JIG. See CoNccNTRATiNo Machinkrt. 

JIGSAW. Sec Saws. 

JOINER, OR JOINTER. See Moulding Machinsrt. 

JOINERY. See Carpentry. 

JOINTS. See Carpentry. 

JOISTS. Sec Carpentry. 

JOURNAI^ are those parts of rotating pieces which are supported by the frame of the machine. 
Tbef are commonly cylindrical, but sometimes spherical or conical. Some journals run constantly; 
others support a piece which moves occasionally. In the latter case, the strength of the journal is 
chiefly to considered; in the former, durability and freedom from liability to heat are as impor¬ 
tant as strength. Some journals are subjected to straining forces in the plane of their axis only, 
vfaich produce bending and shearing stress. Others are subjected to bending and torsion, and are 
dlculated by the rules for combined stress. Lastly, some journals are supported at one end only; 
others, which may be termed neck-journals, are supported at both ends. 

Length of Journals .—Common experience shows that for journals working at high speeds a greater 
logth is necessary than for journals running at low speeds. Journals running at 150 revolutions 
per minute are often only one diameter long. Fan-shafts, run at 1,500 revolutions per minute, have 
joomals 6 or 8 diameters long. If the journal works occasionally for short perils of time, it is 
desirable to make it short, bemuse the less the length of the journal, the smaller its diameter may 
be for a given load, and consequently the less will be the friction. If the journal runs constantly, 
it requires a larger surface to insure durability and coolness in working. The larger surface is better 
obtained by increasing the length than by increasing the diameter of the journal. In the former 
case tlie friction remains the same; in the latter it is increased. Some increase of diameter is ne¬ 
cessary to maintain equal strength, but the diameter should be increased only so much as is neces¬ 
sary for that purpose. 

If a journal is strong enough when of length I and diameter d^ then if for any reason the length is 


mcreased to the diameter must be d, = d 



to obtain the same strength as before. 


Ezemple.—A journal 3 in. in diameter and 6 in. long has its length increased to 9 in. 
diould be the diameter ? 





3x1.1299 = 8.39 in. 


What 


The length of jonmals, to insure durability and cool working, depends not only on the pressure to 
which the journal is subjected, but also on the material of the journal and steps; on the kind of 
Dotion, whether continuous rotation or oscillation; on the perfection of the lubricating arrange¬ 
ments; and on the accuracy of workmanship. It is not surprising, therefore, that in different cases 
journals subjected to the same load and running at the same speed should have different lengths. 

For railway journals, nmning at the same sp^, the length should be simply proportional to the 
kad. For engines of the same kind, running at the same speed, the crank-pin length should be pro- 
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portional to the load on the piston. (See Crank.) For locomotive engines working at the same 
pressure the crank-pin length should be proportional to the piston area. 

The following table shows the theoretical length of jourm^ in inches: 


LOAD ON JOURNAL 
IN LBS. 

REVOLCnOKB OF JOURNAL PER MINUTR. 

60 

lOO 

200 

300 

600 

1.000 

1,000 

.2 

.4 

.8 

1.2 

2.0 

4.0 

1,500 

.8 

.6 

1.2 

1.8 

8.0 

6.0 

2,000 

.4 

.8 

1.6 

2.4 

4.0 

8.0 

8,000 

.0 

1.2 

2.4 

8.6 

6.0 

12.0 

4,000 

.8 

1.6 

8.2 

4.8 

8.0 

16.0 

5,000 

1.0 

2.0 

4.0 

6.0 

10.0 

80.0 

10,000 

2.0 

4.0 

8.0 

12.0 

20.0 

40.0 

15,000 

8.0 

6.0 

12.0 

18.0 

80.0 


20,000 

4.0 

8.0 

16.0 

24.0 

40.0 


80,000 

6.0 

12.0 

24.0 

86.0 



40,000 

8.0 

16.0 

82.0 




50,000 

10.0 

20.0 

40.0 

.... 

.... 



The ordinary empirical mode of proportioning the length of journals is to make it proporUonal to 
the diameter, and to make the ratio of length to diameter increase with speed. For wrought-iron 

journals this ratio = .004 iV" 1; iV" representing the number of revolutions per minute. 

This gives the following table: 

N=z60 100 160 200 250 500 1,000 

4 = 1.2 1.4 1.6 1.8 2.0 3.0 6.0 

a 

I 9 I 

Cast-iron journals may have ^ journals may have ^ = 1^ of the above values. 


A good theoretical discussion of this subject will be found in ** Elements of Machine Design,*' 
Unwin, New York, 1877, from -which the foregoing is abridged. See also Crank, Friction, and 
Lubricants. 

Form and Fiitino of Journals. —In Figs. 2490, 2491, and 2492 are shown the ordinary forms of 
journal-bearings. Fig. 2493 is a plain journal, such as is employed for the ordinary axles of wheels, 
or for crank-pins; Fig. 2494 is the class of journal used in cases where it is of importance that the 
wear of the ^aring-l^x shall not give lost motion or play, as it is technically turned, endwise; and 
Fig: 2496 is a ball-journal, which together with its box is termed the ball-and-socket baring or joint 
The last is employed in cases where the piece or part carrying the bearing-box requires to have 
motion in more than one lateral direction. The bearings, boxes, or brasses for these journals are 
made to have a close working fit to the journals, but the forms of the bases or bedding surfaces of 
the brasses are governed by considerations as to the strength of the pieces holding them, and the 
facility for packing them to take up the wear of the brasses and maintain them, so &at their boxes 
shall keep their original positions notwithstanding the wear. 

Figs. 2493, 2494, and 2495 are the three forms commonly employed, and below them are respec¬ 
tively the forms ef strips or lining-pieces required to be pla^ ^ncath them to lift them in ^eir 
seats when their boxes have worn down. 

In figs. 2493 and 2494, these ^eces are thickest at the crowns and thinned on each side; this 
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necessitates their being carefully fitted to the boxes and to the brasses; while for fig. 2495, a plain 
piece of sheet iron is all that is necessary. The two first, however, leave the pedestal or post the 
strongest, and are often employed on that account. 

The great consideration in fitting a brass to a journal is, that the bearing between the surfaces 
shall have equal contact, and that the brasses shall properly fit to the box or strap containing them; 
and so long as this is the case, the oil will not be so readily pressed out from between the surfaces. 
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aod there will be no undue pressure tending to cause anj part of the bearing area to wear un- 
smoothly. From the nature of the dutj placed upon bearings, a brass or bearing, however properly 
fitted at first, alters its form, causing it to bind improperly upon the journal-bearing, and hence to 
hist. Suppose that Fig. 2496 represents a pillow-block, the brass l^ing properly bedded in the 
block, and fitted evenly to the journal. The bottom brass beds upon the surfaces A, By (7, and the 
top brass is held down by the contact of the surface /> with the cap F, Now the pressure upon 
thWe surfaces A, By (7, and D compresses them, so that after the brasses have been some time in 
use any marks upon the block or the cap will be plainly impressed on the brasses; and it follows 
that from this compression those surfaces are stretched or expanded or tend to stretch, and although 
the form of the surfaces Ay By C is such as to prevent their length from becoming elongated, yet the 
metal in their neighborhood is expanded, and finds relief in closing the brass across the joint, as 
denoted by E, l^is is the theory, and certain it. is that the brasses do in time become slack in the 
block across the diameter denoted by O. Now the brass is the weakest across the diameter Gy the 
disposition of the metal not being such as to give strength in that direction; and as a result the 
stretching of the metal around Ay By C causes the brasses to bind unduly upon the journal at and 
near the joint, as denoted by the dotted segments of a circle H. To prevent this, the brasses are, 
in English practice, filed away at that part of the bore (on each side of the brass-bore) denoted by 
H; and whenever the brass has worn sufficiently to bring that surface into contact with the journal, 
the filing is repeated, even though the thrust of the journal is in the direction denoted by the arrows 
//. The amount to which this closure occurs depends to a certain extent upon the thickness of the 
metal of the brass at its joint-face. 

Gases commonly occur in practice where, the joint-faces of brasses having been left well open, as 
in Fig. 2497, to allow of their closure to take up the wear, and not having b^n taken out to refit for 
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s long period, the brass has worn to admit more than one-half the circumference of the journal, and 
W do^ upon it, as shown in Fig. 2498, its form having altered from the dotted perpendicular 
lines, causing it to grip the journal so tightly as to require a hammer to drive it off. To avoid this, 
nme bearings are made in four pieces, as shown in l^g. 2499, the two pieces A and B being set up 
y> fit the journal by means of the set-screws CD. The object of this arrangement is to have a bear- 
the journal in a direction to directly resist the thrust of the shaft, that thrust being in the 
fiuccdon denoted respectively by the arrows E and F. In this case the brasses will have contact 
vhh the journal all over the area of the bore, which, so far as the amount of area goes, is an advan¬ 
tage; but it is assumed that the curve of the brass is not sufficiently operative to prevent the bore 
from wearing oval, or in other words, that in the absence of A B the brasses would wear, whereas 
coch is not, in the case of locomotives at least, found to be the case. Furthermore, the pressure and 
stretching of the metal of the brass at Gy Hy /, and J will cause the brasses to close upon the jour- 
asl to some extent, at and toward K K and L Ly or, in the attempt to do so, to bind in those places 
oriuly upon the journal, destroying the smoothness that is essential to durability. The setting up 
of the pieces A B also requires very skillful operation, as it is only by the resistance of the screws 
that one can estimate how much to set them in, and it is not uncommon to see an engineer after 
setting them up go occasionally to the bearing,.and feel if it is getting warm; if so, he slacks 
back the screws a trifle, or, if there is a knock or pound, be will set them in a little more. Now, 
suppose, by being a little too tight, the bearing has heated, the probabilities are that the undue fric- 
fioD has destroy^ the smoothness of the bearing, and then the excellence of the same is destroyed, 
lad rapid wear and excessive friction will continue until the surfaces get smooth again, which some- 
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times is not until they have been fine-filed all over, and even then they will not be so smooth as they 
become under proper wear. 

A large proportion of the labor involved in the fitting of bearings to their journals may be saved 
by skillful manipulation in boring them. It is found in practice that owing to the unequal cooling 
of brasses in the mould in which they are cast, there exist internal strains in the metHl, and that as 
these strains are locally removed by cutting away the surface of the metal the form of the casting 
alters. In semicircular pieces the two ends always approach each other from being bored. Thus, 
the bore of the eccentric strap shown in Fig. 2500, aftet being turned, would be narrower across A 
than across (7, each half fitting upon the eccentric as shown in Fig. 2501. To remedy this difficulty, 
the following methods are adopted. In small brasses—that is to say, those whose bore is 4 in. or 
less in diameter—the patterns for the two brasses are sometimes made in one piece, as shown in Fig. 
2502, being joined together by the narrow piece shown on each side at A, The practice then is to 
fit the brasses to their places, and to bore them out to a diameter larger than that of the journal; 
then, after boring, to out them in half at A A^ and let them sufficiently together; the result of the 
operation being that, even though the brasses close across the diameter, as shown in Fig. 2500, they 
will fit down upon the crown, and not bind, as shown in Fig. 2501. The objection to this plan is 
that the brasses will close across the diameter C, in Fig. 2500, after they are bored (that is to say, 
when they are cut in halves) at A in Fig. 2502, to a degree greater than would be the case if they were 
cast separately; and though, through l^ing bored larger in diameter than the bore of the journal, 
they may bed well upon the latter, they will have become loose in the strap or box unless care has 
been taken, in fitting them, to leave them a tighter fit in the strap or boxes than they are intended 
to be when finished (a precaution that should be taken in all brasses of 8 in. and less in bore.) 

Another method is to place between the joint-faces of the brasses or bearing-boxes a piece of 
sheet metal, os shown at A in Fig. 2503, whose thickness it is found should bear the relation to the 
size of the l^re of about inch to 6 in., and to bore the brasses larger than the journal to the 
amount of the thickness of the metal so inserted. This may be gauged by setting the calipers or 
gauge to the proper size, and placing a piece of metal of the same thickness as the inserted piece 
beneath one leg of the calipers when gauging the bore. It is obvious that, were it practicable to 
make the exact necessary amount of allowance the brasses would require, but little fitting or adjust¬ 
ment would be needed; but it is foufid in practice that, no matter bow true the work may be lined, 
fitted, and bored, boxes of every description require fitting to their places. 

When brasses are held in moving parts, such as levers or connecting-rods, the bearings must be 
fitted to lead true by connecting one end of the rod only, as shown in Figs. 2604 and 2505; and, after 
ac^usting the brasses to a proper fit, the disconnected end A^ with its brasses in their places in the 
rod, must be lowered down to the journal; and if the rod at it«| disconnected end is found to stand 
on one side of its proper position, it should be moved back and forth under a lateral pressure, placed 
by hand upon the rod end, and in the direction in which the rod end requires to go, the object of 
such pressure being to mark plainly the high parts of the journal. This operation, which is called 
fitting the rod or lever to lead true, is indispensable to good workmanship, and, under ordinary duty, 
to prevent heating; because if a small portion only of the surface of the brass beds to the journal, 
such comparatively small surface will receive the whole of the friction due to the load of the journal, 
and will in consequence heat and abrade, cutting a rough surface upon the journal, which must be 
removed before the journal can be expected to keep cool. 

The brasses for fast-running journals should come brass and brass; that is, their faces should 
touch and lock together by the pressure due to the key or the bolts, as the case may be; so that 
when, in the fitting, the adjustment is so made as to permit of the key being driven tightly home, 
there is no danger of the pressure due to the key binding the brasses too tightly upon the journal, 
and thus causing it to heat. If the position of a box or brass renders it difficult to take it out from 


2506. 



its place, and there is but little wear upon it, the joint of the brasses may be left open to permit of 
adjustment without filing off the faces; but if it is at all convenient to take out the top brass even, 
the brasses should be made to lock each other by the interposition between their faces of two liners 
or fitting-strips, as shown in Fig. 2603 at A A^ which strips may be taken out and filed thinner 
when it becomes necessary to let the brasses together to take up the wear. To ascertain the thick¬ 
ness such liners require to be, a piece of lead-wire may be placed between the brasses at each of the 
four comers, and the tightening up of the bolts or key will compress the wire to the requisite thick¬ 
ness. The liners, however, should be made a shade thicker than the wire compresses to, to relieve 
the journal from any undue pressure from the brasses. If the brasses have a comparatively lar^c 


Digitized by v^ooQle 




KEYS. 


213 


area apon the joint-faces, and are made to come brass and brass, the faces may be cut partly away, 
as shown in Fig. 2506 at A, thus reducing the area, and rendering the filing or letting together a 
more easy and expeditious operation. In letting such brasses together, the joint-faces should be 
made true and square with the flange-faces of the brass, so that 
locking; the brasses together will not) spring the latter out of 
tnie, and thus cause them to bind unduly upon the journal. In 
addition to the oil-grooves A Ay Fig. 2509, in the crown of the 
brass, there should be cut in each half brass a groove, such as 
shown at BB, which groove should terminate close to the end 
faces of the brasses, thus preventing the oil contained in them 
from rapidly working out of the journal. J. R. (in part). 

KERF. The slit or notch cut by a saw. (See Saws.) 

KEYS are pieces of metal (usually of steel) employed to secure wheels, pulleys, rolls, etc., to the 
abafta which drive them. There are four kinds of keys: the sunk key. Fig. 2608; the flat key. Fig. 
2509; the hollow key. Fig. 2610; and the feather or spline. The flat key, sunk key, and feather are 
alike of rectangular form, their differences being in their respective thickness, which is varied to 
meet the form of keyway which receives them. The flat key beds upon a flat place upon the shaft, 
the sunk key beds in a recess provided in the shaft, and the feather is fastened permanently in posi¬ 
tion in the shaft. The hollow key is employed in cases where the wheel or pulley may require mov¬ 
ing occasionally on the shaft, and it is undesirable that the latter have any flat place upon it or re¬ 
cess cut in it. The flat key is used where it is necessary to secure the wheel more firmly without 
weakening the shaft by cutting a key way in it. The sunk key is that most commonly used; it is 
employed in all cases where the strain upon the parts is great. The spline is used in cases where 
the keyway extends along the shaft beyond the pulley or wheel, the feather being fast in the wheel, 
and its protruding part a working fit in the shaft keyway. This permits the wheel to be moved 
along the shaft while being driven through the medium of the feather or spline. The following pro¬ 
portions for sunk keys are given by Thomas Box in his treatise on mill-gearing: 

The sizes of sunk keys, and the depth to which they should be sunk In the shaft and in the boss 
of the wheel or rigger, are governed by the diameter of the shaft, but are not in simple proportion 
to the diameter. The following empirical rules are dictated by experience: 

^ + .n6 = B; ~+.U=T; ^ + .076 = rf; and T-d = i; 

4 11 4U 

in whidh /> = the diameter of the shaft in inches, = the breadth of the key in inches, 7*= the 
thickness of the key in inches, d = the depth sunk in the shaft measured at the side of the key (see 
Fig. 2510X and df' = the depth sunk in the boss of the wheel, also measured at the side of the kdy. 
The following table is calculated by these rules: 


Proportion of Sunk Keys for Wheds and Riggers. 


1- 

1 diameter or shaft, 

INCHES. 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

! Breadth of key . 

♦*5 

.10 

.15 

*84 

.125 

.215 

*48 

.15 

.28 

.175 

.845 

.20 

.41 

.225 

.485 

’*80 

.25 

.55 

.89 

.276 

.015 

.98 

.MO 

.68 

2| 

l.OT 

.826 

.745 

1.16 

.85 

.81 

1^26 

.875 

.875 

! HikikDeasof key_ 

! l>epch sank In shaft.. 
sank in whe«]. 


KoR/->The depth sank in the shaft and in the wheel is measured at the side of the key, and not at its centre. 


The breadth of the key is equal from end to end, but the thickness must be regulated to give a 
oniform taper for the purpose of fitting tightly in its place. The amount of taper should be about 
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<neeighth inch to a foot in length, and the same must be given to the key-seat in the boss of the 
wheel, and not to the key-bed in the shaft 

Fig. 2511 illustrates the method of keying a wheel to a square shaft. It is used for shafts that 
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are not planed or otherwise made true. The wheel is hung upon the shaft, and four temporary keys, 
having heads as shown in Fig. 2612 at A, with which to withdraw them from the wheel, are inserted in 
the spaces a, a, a, a, Fig. 2611. (It may be mentioned here that similar heads are generally forged 

upon keys to faciJitate their withdrawal while 
fitting them to their seats, the head being cut 
off after the key is finally driven home.) These 
sustain the wheel while the permanent keys 6, 
eight in number, are fitted, the wheel being ro¬ 
tated and tested for truth from a fixed point, 
the fitting of the keys serving to true the wheel 
Rever9e are simple pieces of steel, so 
shaped as to reverse the ^ft of a keyway, 
and are made male and female, as shown in 
Fig. 2613, representing the male and B the 
female. The manner of using them is to in¬ 
sert them into the keyway, as shown in Fig. 2614, in which A represents a taper rod end, B the 
socket into whidi A is fitt^ or keyed, C the male and D the female reverse key, and E an ordinary 
key. It will be found, on examination, that the insertion of C and D has exactly reversed the posi¬ 
tion of the draft of the keyway, so that the pressure due to driving in the key will be brought to 
bear upon the rod on the side on which the pressure was previously on the socket, and on the socket 
on the side on which the pressure was on the rod; so that driving in the key will key the socket out 
of instead of into its place. J. R. (in part). 

KIBBLES. See Mink Appuances. 

KILN. A structure, usually of considerable size, which may be heated for the purpose of roast¬ 
ing, burning, hardening, annealing, or drying anything; as a kiln for burning lime. In contradis¬ 
tinction to the term ** kiln,** an oven is defined as a place arched over with brick- or stone-work for 
baking, beating, or drying. 

lAme-Kilns .—Many different forms of kiln are used in lime-buming. Fig. 2616 is a section, and 
Fig. 2616 a plan of a perpetual kiln in use in Prussia, in which one part of wood and four parts 
of peat are used, ddddd are openings at bottom for drawing the lime as it is burnt; eeccc^ fire- 
fumace for the fuel, whose mode of connection with the cavity where the limestone is placed may 
be seen at c in the vertical section, which also shows at d the manner in which the lime may be 
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drawn. At a a is shown a lining of fire-brick, back of which is a cavity b b filled with cinders, which 
act as a non-conductor of heat. The outside is built of rough stone. It produces about 250 bushels 
of lime daily. 

Fig. 2617 is a vertical section of a plain perpetual kiln. It is 26 ft. high, and built of alternate 
layers of fire-brick and stone. It is four-sid^, consisting of a single chinmey 4 ft. square on the 
inside and 8 ft. on the outside, making the walls 2 ft. thick. To the height of 7 ft. from the bottom 
it is 12 ft. in one direction, for the purpose of making room for the furnaces d <f, in which wood only 
is burnt, and which are 2 ft. high and 20 in. wide. For the passage of the heat into the limestone in 
the chimney the bricks are laid up like a grate, a a are ash-pits beneath the fires, b an opening for 
clearing the lime from the bottom of the chimney, being about 18 in. square. The kiln consumes 
from 2 to 2^ cords of wood daily, and produces 7*5 bushels of lime, which is drawn out at intervals 
of 8 hours 

Batchelor*9 Kiln^ Figs. 2518 and 2519, is usually circular in plan, and has a domed roof. The fur¬ 
naces arc constructed in the wall Inside the kiln, and opposite each furnace, are built short walls 
forming a casing or pocket round the end of each fireplace, which directs the heat upward toward 
the upper part of the articles stacked in the kiln. In the floor of the latter there is an opening 
leading to the main flue i>, which conducts the products of combustion to the chimneys. Fig. 2619 
shows the arrangement for working a series of these kilns in rotation, so as to utilize the waste heat 
passing from the kiln, in active operation for the purpose of drying green or unburot articles stacked 
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in another kiln, in order to prepare them for final burning. Numbers 1 to 6 represent a series of 
the aboTe-described kilns gi^ped around a central chimney Z. Main flues 2> 2> lead from the cen* 
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tre of each kiln to the chimnej-shaft, dampers MM be¬ 
ing fitted to each flue to open or close communication 
between the kilns and chimney, as may be desired. 

Two systems of continuous kilns for burning bricks, 
tiles, etc., have come into practical use: 
the FVench system of Colas, also known 
as that of Borie, and the German system 
of Hoffmann, the well-known annular 
kiln or Ringofen, (See Brick-making 
Hachinert.) The Colas principle con¬ 
sists in placing air-dried bricks on small 
railway trucks forming a long train ; this 
is slowly moved through an arched cham¬ 
ber, provided in its centre with fixed 
fireplaces for burning the bricks; the 
fire in these kilns is stationary, while 
the bricks are moved forwai^. The 

principle of the Hoffmann kiln is just the reverse; here the bricks are stacked in 
an annular burning-chamber, and remain stationary while the fire travels through 





them, leaving burnt bricks in the rear, and advancing into and among the green bricks. In this 
maimer the process of burning is continued until the extreme end of the kiln is reached. 


2522. 




Fmter'i Briek-KUny represented in Figs. 2620, 2521, and 2522, is constructed accordmg to Colas*s 
piBciple. The kiln oonsiats of one long parallel chamber a, into which the bricks are passed on 
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iron wagons having fire-daj tops e; these wagons are constructed to fit the sides of the kiln as at 
d so as to be as air-tight as practicable up each side. When in operation, the burning part occu¬ 
pies by preference the centre of the kiln, the fires being stationary in the sides of the kiln at /, as 
shown in Figs. 2521 and 2622, fuel being fed in from the top. A progressive motion is given as 
required to the wagons containing the bricks, from some suitable motive power. The chamber may 
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be of any required length to contain a 
convenient number of loaded wagons 
at one time. As the bricks on each 
wagon are burnt sufficiently, the latter 
is pushed or pulled forward, and an¬ 
other wagon containing unbumt fonns 
takes its place at the burning part of 
the kiln. As each wagon is admitted 
at one end of the kiln, another con¬ 
taining burnt forms is simultaneously 
passed out at the other. Economy in 
fuel is obtained by placing the fires in 
one part only of the kiln, which is 
kept at an intense heat, instead of dis¬ 
tributing them as usual. The cool air 
on its way to the fire passes into the kiln through the outlet for wagons, where it is heated by the 
burnt bricks, which are themselves gradually cooled. The inlet end for unbumt forms acta as the 
flue for the heated gases, from whence these pass to the chimney m by flues n. By this arrangement 
the unbumt forms are gradually heated before being submitted to the intense heat of the firing 
part of the kiln. When the wa^ns are drawn from the kiln they may be taken to any convenient 
place for unloading. Fig. 2620 is a longitudinal elevation, Fig. 2521 a sectional plan on the level of 
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tbe furnaces. Fig. 2622 a transTerse sectional view on on enlarged scale through Fig. 2520, and 
fig. 2523 an end elevation, showing the balanced lifting door 1. It is claimed that a great saving 
of labor is effected by the kiln, and that almost all the heat is utilized by the arrangement adopted 
of heating the air for combustion by the cooling burned bricks, and by passing the heated gases 
through the mass of unbumed brickp. Bricks may be sent into it with less preparation than for 
the ordinary kiln, and labor is thus still further economized. The bricks after leaving the brick- 


making machine are only once touched by hand until loaded into vehicles for consumers, and burn¬ 
ing is effected, it is said, at a cost of about 6 cents per thousand. 

The Dwherg Kiln^ represented in Fig. 2624, is claimed to combine the advantages of both the 
tbove-mentioi^ systems. It is an annular kiln with a movable floor which consists of a scries of 
lections or platforms. These platforms are supported by wheels and axles, which run on a railway 
tradt extending all along the floor of the burning-chamber; the platforms, therefore, are railway 
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tracks, similar to those used in the kilns of Colas and Borie, but larger than these. The principal 
difference, and at the same time the principal advantage offered by Dueberg^s kiln, compared with 
those of Colas and Borie, is that the platform trucks are not moved during the burning of tbe bricks. 
On tbe contrary, they are at rest during the entire process of burning, while the fire is advancing 
through the bri<^s, in the same manner as it does in the Hoffmann kiln. The fuel is dropped into 
ud nm/wig tbe bricks to be burnt from above, through small holes in the arch of the buming- 
ebamber. The trucks, after being loaded with green bricks, are run into the kiln one by one, ca^ 
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close up against the preceding one; the back of each trud^ is coated with clay before the next tmc^ 
is pushed in, and thus the joint is made air-tight. The two sides of the platforms parallel to the 
wall of the burning-chamber are made air-tight by filling the joints between the platforms and the 
kiln-walls with sand, after a truck loaded with green bricks has been run into ^e kiln, dose up 
against the platform of the preceding truck. 

Kilriy Fig. 2625, consists of a number of chambers separated from 'Cadi other by per¬ 
forated sides and bottoms, and disposed across the path of the fiame. Through these chambm the 
articles to be burned or baked are passed along by pistons worked by mechanical means, so as to be 
gradually brought toward and into the hottest part of the chambers. They are then carried to the 
cooler portion of the compartments. A small portion only of the surface of the articles is thus ex¬ 
posed to the action of the flame, and the process is progressive and continuous. The chambers are 
heated by gas from a suitable furnace. Fig. 2625 is a transverse section of this kiln. The artides 
to be baked are placed in small carriers of refractory clay, and as they move onward are subjected 
to the intense heat of the flames which enter at a a. The flames pass to the upper flue c, and their 
egress is regulated by dampers d. The passages through which the artides travel are arranged ver¬ 
tically one above the other, so that each perpendicular row becomes a kiln, the flame of which is 
reg^ted at will at both its points of admission and of outlet. 

Fig. 2626 represents an improved system of malt-kiln devbed by Messrs. Koback A Fretxe of 
Prague, and said to produce great economy in labor and firing. The grain is placed in a horizontally 
rolling hopper, with a self-acting cover to prevent either egress of heated or ingress of cold air du- 

ring the time of loading, and falls upon an iron 
floor consisting of a series of plates working like 
a Venetian blind on a centre-pin in each. As soon 
as the grain on the ujmer floor is ready for turn¬ 
ing, the plates of the floor are turned into a ver¬ 
tical position by means of suitable handles, allow¬ 
ing the grain to fall to floor No. 2, while No. 1 is 
again reversed and filled from the hopper, which 
in being pushed back spreads the gnun evenly over 
the floor. This process is repeated indefinitely. 
The necessity for a man to enter the kiln to turn 
the malt is here obviated by a simple mechanical 
contrivance. A saving of space is i^o effected. 

Pottery and Porcelain Kilns ,—^The kilns for com¬ 
mon stoneware vary in form. In England they 
often have much the shape of an ordinaiy rever¬ 
beratory furnace, as shown in Fig. 2627, where r 
is the grate, a the ash-pit, e the baking-diamber, 
and d the chimney. A vertical form, such as that 
for earthenware shown farther on, is generally used 
in the United States. The articles arc placed in 
cells formed of baked slabs, as represented in Fig. 
2628. The hot air from the furnace, passing 
through these open cells, raises the clay to the proper temperature. The firing may continue from 
24 to 48 hours, depending upon the size of the pieces, the fusibility of the clay, and the extent of 
vitrification which may be desired. Fig. 2629 represents the form of kiln used in baking earthen¬ 
ware. A section of tUs is shown in Fig. 2630. 

Fig. 2681 represents a porcelain kiln. The first firing of the material, at a much lower heat than 
that needed for stone- or earthenware, is conducted in the upper story. After the soft biscuit is 
glazed, it is fired and converted into finished porcelain in the lower story. 

KINEMATICS, on KINETICS. See Dynamics. 

KING-BOLT. See Waoon-buii4)ing. 

KNEADER. See Bread and Biscuit Machinery. 

KNITTING MACHINERV. Knitting consists in making a fabric by enchaining a single thread. 
In describing the machines used for this purpose we shall consider—^I. Hand machines, and IL Power 
machines; subdividing these according to peculiarities of form and construction. 

Knitting-Machine Needles .—The essential feature of a knitting-machine needle is, that it shall catch 
and draw the yam to form the loop, and shall cast it off by allowing it to slip over at another part of 
the action. The devices for this purpose are flexible beairis and loops. 

Formerly the only spring-beard needles used were made of hard-drawn iron and brass wire. 
Needles of this description were used in this«country as late as 1848. Those in present use are made 
from round steel wire, and as the value of the needle depends almost wholly upon the tenadousness 
and flexibility of the beard, the manufacturers are content to pay well for a wire containing the 
desired qualities. Though the justly celebrated ** Stubs steel ’’ is excellent for many purposes, it 
will not do for this department, being too hard, while for needles the steel should be uniform in its 
temper and very soft; indeed, so pliable is this wire that but for the color one might easily imagine 
it to be copper. The wire reaches the needle manufacturer in coils, without a speck of rust on its 
silver-like surface. First comes the process of testing the temper. For this purpose a small piece 
is cut from each end of each coil and subjected to a test peculiar to the manufacturer. If this proves 
it faulty in any particular, the coil is laid aside to be used for some inferior purpose. If, however, it 
proves all righ^ the whole coil is unwound and straightened by passing it l:^tween rollers. It is 
then cut up into short lengths, generally each length right for two needles. Eadi end of each piece 
is now reduced in a milling machine which will mill from 12 to 60 ends at a time (the number milled 
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dq)ends in a measure on the gauge). The eye is now punched, not sawed, as some suppose. The 
former plan is preferred, as it leares the needle much stronger by reason of its condensing the stock 
instead of cutting it away. They are now reduced to a gauge at the point, head, and eye. This is 
done with a smooth file. The extra stock caused by the forming of the eye is now also filed off. 
Next they are polished on an emery-wheel. They are now ready for the machine which turns orer 
the beard and shapes the same. Up to this time each small len^h of wire has a needle formed at 
each end. They are now cut in two and carried to another machine which makes several flat places 
on the shank, which insure its being held firmly in the metal when leaded. Now comes the harden¬ 
ing and tempering process, which in importance ranks next to the quality of steel. They are next 
dried in sawdust, and subjected to repeated processes of polishing. Theq each needle is separately 
inspected and pliered, after which they are weighed out into parcels of 100 each, and these parcels 
counted and packed in boxes, each box containing 1,000, in which shape tliey are usually sold. For 
length and shape they are generally made to order, and to suit the various kinds of knitting machines. 
They will vary in length from 1 ^ in. to 3 in. The size of wire and cost of finished needles is about 
IS follows, size according to the English wire gauge: 


Kaittto« Gms*. ! 

Wti* Omif*. 

Colt. 1 

8 

IH. 

$7 00 

10 

17. 

6 25 

Id 

18. 

5 50 

14 

184 to 19 ) 


18 1 

m . y 

4 75 

18 

m .1 



Knitting Uange. 


20 

22 

24 

80 

88 

40 


Win Gauge. 


21 .. 

22 .. 

221 . 

23.. 

24.. 

25.. 


$4 75 

5 75 


8 00 
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The life labor of a common gauge needle on a shirt-knitting cylinder is about 18 shirts. 

Uotiery Yam is designated by so many grains, which is determined by the weight in grains of 6 
yards of yam as reeled from the jack bobbin; that is, if 6 yards weigh 10^ grains, it is called 10|- 
giw yam. In order to more nearly average the weight, 24 yards are for instance reeled off, and the 
wd^t in grains and fractions of grains is divided by 4. It is also a good plan to reel the yarn 
from sever^ bobbins at once to facilitate matters, and a reel just one yard in circumference is most 
convenient. In one pound avoirdupois there are 7,000 grains troy or apothecaries* measure. In one 
run there are 1,600 yards. 

I Hand-Khittino Machinxs. —These maybe divided into—I, those in which the needles are placed 
in a straight row ; 2, those in which the needles are drcularly disposed; 8, those using but a single 
needle. 

1. Needle* plaeed in a straight raw .—As an example of this type of machine Lamb*8 apparatus is 
presented in Fig. 2632. In this a tubular web is produced by the operation of two straight parallel 
rows of needles, widening and narrowing being accomplished by increasing or diminishing the number 
of needles in action. The frame is attached by thumb-screws to the edge of a table, and has its two 
upper sides inclined toward each 
ot^, their upper edges being 
separated far enough to allow 
the fabric produced to pass down 
between them. Supported by the 
needJe-bed is a carriage recipro¬ 
cated by a crank. The needles 
employ^ are self-knitting, being 
constructed in such a manner that 
when fed with yam and carried 
an inch forward and back, they 
form the loops by their own ac¬ 
tion. The lower ends of the 
needles have an upright shank, 
extending above the face of the 
needle-b^ and are operated by 
cams that are attached under¬ 
neath the centre of the carriage 
in such a manner as to move the 
needles forward and back. There 
are two sets of these cams, one 
for each row of needles. is a 
representation of one of the sets 
of cams, which consists of the 
plate a, the two wing-cams cc, 
aztd the V-shaped cam 6, which 
is held in place by the screws that pass through the washer d in the diagonal slot of the plate a. 
As the carriage to which these cams are attached is drawn back and forth over the needle-bed by the 
crank, the ne^lcs are carried up on one side of the V-shaped cam in the groove or space between 
that and the wing-cams, the yam-guide at the same time delivering the yam into the hooks of the 
needles, which are then drawn down by the wing-cam on the other side of the V-cam, thus forming 
the loo^ By the adjustment of the cam-stops, either or both of the cams may be left open or closed 
St the same time, so as to operate the two rows of needles separately, alternately, or together, thus 
forming three entirely distinct webs—tubular web, plain flat web, and ribbed flat web. 
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2. Needles placed in a circle, —Fig. 2633 represents the Bickford knitting machine. Fig. 2584 
exhibits the arrangement of needles, from which the operation will be best understood. Four of the 
needles are here shown. The needle complete is represented at 1; a portion of the lower part of the 

others is broken away. The needle consists 
2583. 2534. of a body, an angular bent portion, a foot, a 



hook, and a latch. The last is pivoted to Uie 
body of the needle, and works partly in a slot 
formed in the body. The latch has moreover 
a spoon^sbaped end, which when the latch is 
closed, as shown in needle No. 2, meets and 
partly shuts over the point of the hook, so that 
the loop formed on the needle easily slips off 
when the latter makes its downward move¬ 
ment Let the reader suppose one line of 
stitches already formed on these needles, as 
shown in the engraving, and the thread or 
yam to be knit so held that the needle marked 
1 will hook over it when the latter descends. 
The thread will be drawn down by the needle 
until the latch meets the loop previously 
formed. This loop, sliding along the body of 
the needle, lifts the latch and closes it into the 
position shown in No. 2. The loop then slides 
off the needle as it continues to descend, and 
the thread, being drawn down through the 
former loop, forms a new loop, through which 
the needle will pass in rising, as shown in No. 
4, opening the latch and leaving the hook free 
to engage the yam when the latter is brought 
under it again, and so on. It is obvious that 
if we supply mechanism that will bring the 
yam under the hook at the proper moment, 
and move the needles up and down succes live¬ 
ly, and also provide a device for supporting 
each row of loops till the next row is formed, 
wo shall have a machine that will knit a 


straight tube. The cams m m arc screwed on 
the inside of the cylinder of the machine, which revolves. As these cams are carried around by the 
revolving cylinder, the angular bent part or foot of the needle passes through the curved space 
between the cams; and as the needles are held from moving sidewise by being placed in grooves 
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formed in the needle-cylin¬ 
der, they are forced up and 
down as desired. Each row 
of loops is also sustained 
until the next is formed by 
means of the needles them¬ 
selves, as the needle-cylin¬ 
der prevents their bending 
inward, and keeps them in 
a vertical position. The 
cam-cylinder is moved by 
a bevel-gear connected to 
a driving-crank, and when 
moved continuously in one 
direction knits a drcalar 
web, which may be nar¬ 
rowed as desir^ by re¬ 
moving needles and pla¬ 
cing their loops on adja¬ 
cent needles. 

8. Single - Needle A/a- 
ehines. —l4e Ilinkley ma¬ 
chine is an example of this 
type. The driving-wheel 
drives a friction-pulley, and 
by it a grooved cam-disk by 
which a comb is operated 
(by means of a rack) back¬ 
ward and forward before 
the needle. The needle- 


bar, receiving its motion from the crank-pin in its slotted arm, advances with each revolution of the 
disk, and the needle, passing through the stitch immediately in front, under the tooth of the oomb, 
removes that loop from its tooth; the revolution of the cam-slot brings the looper-hook forward in 
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stems of the needles. The sinkers e are at the same time depressed, one after another, by the cam 
or i/vr above them, and in turn depress the yam into loops between the needles. The latter are 
then drawn slightly backward, so that the yam may pass under their beards. The presser-bar then 
descends upon and closes the beards, which then enter the old loops of the fabric, and the sinkers 
are raised in a body by the lifting-bar in their rear, shown in the sectional view. The needles reced¬ 
ing to their extreme backward position, the old loops are thrown over their heads by being 
drawn against the plates //, Fig. 2536. As the needles move forward the sinkers are all depressed 
in a body in front of the fabric by the bar in 
front of the sinkers, to keep the loops back 
on the needle-stems; the needles then move 
entirely forward and the looping operations 
are repeated. 

The general arrangement of a machine of 
the ordinary circular kind is given in Fig. 2537. 

The needles are bearded and fixed around the 
periphery of a rotating cylinder. The yam, 
delivered through the eye in the end of the 
guide a, is pushed by the notched wings on 
the loop-wheel b up under the beards of the 
needles. The wings of the sinker-wheel e then 
press the yam in between the needles, to in¬ 
sure that there shall be a sufficient quantity 
to form the proper-sized loops. The needle- 
beards are then pressed in, so that their points 
enter a depression in the stems, by the' press- 
er-wheel </, the yam being thus inclosed be¬ 
tween the beard and the stem, the old loops 
being at the same time raised by the landing- 
whed e, a short distance above and outside 
the points of the beards. The stripping or 
knocking-over wheel f then throws the old 
loop entirely over the tops of the needles, and 
the fabric with the newly formed row of loops 
is pressed down to the lower ends of the 
ne^es by the curved cloth-presser g. 

The Tompkina Upright Rotary Knitting 3Ia~ 
fhine^ manufactured by the Messrs. Tompkins 
of Troy, N. Y., is represented in Fig. 2538. 

The complete apparatus has two cylinders or 
heads. Each he^ generally knits four threads 
at once, and each thread, or the machinery ne¬ 
cessary to knit it, is call^ a feed. One girl can attend to six cylinders. The needles used are the 
spring-beard, and they are placed in a mould in pairs, and leaded by having a composition consisting 
of equal parts of lead and tin poured around them. The gauge is determined by measuring the 
needles and counting the leads when set in the cylinder. For instance, 14-gauge has 14 leads or 28 
needlea, 3 in. in length, measured on the circumference. In regard to the proper speed of the needles 
for the different-siz^ cylinders, needles, and yam, some believe a quick spe^ to be best, and others 
consider it policy to use more machinery and mn it more slowly. 
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As regards the capabilities of the machine, the manufacturers state that a sit^le-c^lindcr apparatus 
of 22 in. diameter, 20-gauge, 4 feeds, knitting common hosiery, yam cotton and wool mixed, running 
46 revolutions, has 920 needles, thus making 165,000 stitches per minute. A Id-inch cylinder, 20- 
gauge, 4 feeds, cotton yam, has run 79 revolutions, and made 212,532 stitches per minute; and the 
same cylinder has been run as high as 85 revolutions on the same yam, at which speed it made 228,- 
480 stitches per minute. Usually an 18-inch cylinder, 15-gauge, is mn 45 revolutions; and a tabic 
of two heads which turns off 160 lbs. of knit cloth per day of 11 hours, averaging 16 dozen goods 
exclusive of waste, is considered as doing fairly. 

Cone- Windtre are used in connection with knitting machinery, for rewinding the yam as it comes 
from the spinning-jack bobbin or cop. The Tompkins cone-winder. Fig. 2639, is capable of winding 
the yam from one 260.8pindle jack. The bobbin runs in contact with the cone, directly in front of 
and below it, and is so held by a nicely-weighted lever bearing against the rear end of its spindle. 

The thread or yam, as it un¬ 
winds from the cop on its way 
to the winder-bobbin, receives 
first an adjustable tension which 
insures a firm body to the bob¬ 
bin, and also causes any slack- 
twisted spot in the yarn to part 
and be mended here before it 
can do harm; from the tension it 
pisses through a variable gauge 
or stripper, which cleans off cot¬ 
ton seeds, snarls, or unequal sizes 
in the yam. The stripper is se¬ 
cured to the frame low down, 
in such a position that advan¬ 
tage is taken of the back-and- 
forth motion of the thread. 
There is also a wire fastened in 
such a manner as to cause ex¬ 
tra friction on the thread while 
reaches by first passing over the 
traverse arm, which has a quick motion, thus crossing and recrossing the thread, making it hardly 
possible for two circles or a double thread to run off while knitting. Each bobbin holds about 22 
oops, or 1.8 lb. of yam, 14-gauge, which will supply a knitting feed for about one hour. The speed 
of the drum-shaft is about 340 revolutions per minute. 
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LADLES arc used in foundries for receiving molten metal as it flows from the furnace, and trans¬ 
porting it to the moulds. Figs. 2540 and 2541 are a plan and elevation of a common form of heavy 
ladle, generally made of boiler-plate, which should be strong and thick, with double-riveted butt- 
joints, heads of the rivets inside, and a strong angle-iron ring round the bottom. The shape is cy¬ 
lindrical, with the bottom slightly concave inside, and it is usual to roughen the internal sui-face with 

a view of giving a better hold for the loam coating. The plates 
of the ladle are frequently perforated with a number of holes, 
about half an inch in diameter, a precaution which is especially 
useful in large ladles, as allowing an egress for the gases which 
are generated in the lining when the molten iron is run into them 
from the cupola. The tendency of these gases, if pent up, is to 
split off some of the lining from the ladle; the liquid cast iron 
then coming in contact with the plates heats them to a dan^r- 
ously high temperature, when the least evil to be anticipated is 
the bulging of the sides from their correct form, thus interfering 
with the action of the gearing employed for tilting them when 
pouring into the mould. The body is surrounded by a strong iron 
ring, from which two trunnions project; over these the holes in 
the frame fit, the upper bar of the frame having a stout eye for 
slipping it on to the hook of the crone-chain. A loose swinging 
fork is arranged on one of the upper edges of the ladle, and by 
throwing this into or out of gear with the side of the frame next 
to it, the ladle is kept vertical or swung over at pleasure. A 
handle fits on to the prolongation of one of the trunnions, and 
is a rough means of regulating the quantity and rate at which the 
metal is poured. 

Before beginning to line the ladle, it is advisable that it should be slightly heated ; the fumaoe- 
man then gets inside it, and having coated the interior with a wash of clay of about the consistence of 
cream, he proceeds to apply the loam to the bottom of the ladle in a uniform coating from I to H 
in. thick, using the utmost precaution to force it into close contact with the plates at all points. In 
working upward the thickness of the lining is slightly reduced, and the covering of the lips must be 
neatly rounded off, so as not to oppose any uneven surface to the flow of the metal, while at the 
same time it must be prevented from coming into contact with the iron of the ladle. When the lin¬ 
ing is completed, the ladle is allowed to stand until the loam has dried sufficiently to allow of the 
ladle being turned upside down without disturbing the lining. A fire is then lit beneath the ladle, so 
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IS to oompletelj diy the lining. The ladle must be slightly tilted on one side, to allow the damp air 
and smoke to escape. The nature of the fire thus applied somewhat depends upon the convenience 
of the works, but one of the simplest and readiest modes is to place a pile of ignit^ coke on a piece of 
old sheet iron, and run it under the ladle. If any cracks are observed in the lining during the process 
of drying, they must be filled up with moist loam; and when the whole is perfectly dry and uzdform- 
Ir oorer^ without cracks or flaws, a coating of thick black wash is applied. When about to toss the 
metal into a ladle, an old piece of plate should be placed in a sloping position, resting against one 
side of the bottom, so as to prevent the first force of the current of metal from coming into contact 
with the lining; this plate must be removed with the tongs when there is metal enough in the ladle 
to receive the flow of the falling metal. The ** breaking of the iron ” in the ladle is useful as an in¬ 
dication to the founder of its temperature. 

A convenient mode of tipping the ladle is obtained by the arrangement in Figs. 2542 and 2543. 
The strong wrought-iron cross-head is brought down on each side to nearly the bottom of the ladle, 
where it is bent round extra-strong lugs or trunnions. Upon one of these trunnions is keyed a cast- 
iron worm-wheel, which is geared into by an endless cast-iron screw, carried by bearings attached to 
the side bar. The end of the axis of this screw is square, so as to fit the socket of the long shaft, 
which is caused to rotate by means of a capstan-wheel, fixed at such a distance from the ladle that 
the niAn working it shall not be inconvenienced by the heat of the metal in the ladle. This arrange¬ 
ment enables the ladle to be quickly and safely tilted to any desired angle. In order to insure its 
steidiness when in an upright position, the usual forked catch with a hinge is riveted on one side of 
the ladle; the fork embraces the vertical arm of the cross-head, thus preventing any movement out 
of the perpendicular until the catch is disengaged. 

For conveying the filled ladle from the cupola to the mould, an overhead traveler can be used (see 
CftAim aKD DuuticKs), or a small but strong wrought-iron truck, running on light rails, may be em¬ 
ployed, so arranged as to run the ladle within command of the sweep of the crane used in pouring. 
The rails should be laid a few inches below the usual floor level of the shop, and when not in use 1^ 
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oorered in with sand to protect them from any liquid metal that may be spilt. The wrought-iron 
carriage for the ladle is usually constructed as shown in Figs. 2544 and 2545, by mounting four 
small cast-iron flanged wheels on strong wrought-iron axles. Two cross-bars are riveted to the axles, 
a little farther apart than the diameter of the ladle; these are slightly cranked upward, so as to em- 
bntx the ladle between them, which rests on the axles. Two strong hooks are fixed on each axle, to 
which the chain is attached by which the ladle is drawn along the rails. Projecting horizontally a 
few inches from each side bar is a square stud, which is used as a means of arresting the motion of 
the truck; this is effected quickly, but without any jolt or jar, by a workman who follows the truck. 
He is provided with a long iron bar, which he slips under the stud, and rests upon the top of the 
rear wheel, when a slight downward pressure is sufiScient to bring the ladle to rest. By the use of 
well-laid rails, preferably without any inclines, and the above simple but effective brake apparatus, a 
large ladle, full to within a few inches of the top, may be conveyed from the cupola to the mould in 
a very short time, with very little power, so steadily as not to spill any of the contents; a very de¬ 
sirable result, on the score both of economy and of safety. The chains for moving the trucks along 
the raflway are sometimes drawn by manual labor, but a more steady motion is obtained by winding 
the chain upon a barrel at the end of the line of roils. 

The foregoing description and illustrations are taken from ** A Treatise on Casting and Found¬ 
ing,” by N. E. Spretson. 

LAGGING. The clothii^ of a steam-boiler or cylinder, designed to prevent radiation of heat. 

LAMPS. The introduction of kerosene as a means of illumination has so completely revolution¬ 
ized many of the principles involved in the construction of lamps, that the old forms are now seldom 
or very infrequently seen. The many and varied improvements made up to the present date have 
been attained only after the expenditure of considerable ingenuity on the part of the inventors 
themselves, and by a clear perception of the physical laws relating thereto. To construct a good 
azKl serviceable lamp, certain essential principles must be kept in view. They are: 

1. To select such a form of wick (the cylindrical being the best) that the quantity of decomposed 
oO and the simultaneous supply of air may stand in such relation to each o^er that the hydrogen 
and carbon may be consecutively consumed, and consequently no smoke produced. 

2. To make the distance between the burning part of the wick and the surface of the oil as un- 
ehaageable as possible. This condition applies particularly to those varieties of lamps in which 
coal, lard, or fatty oils are fed to the wick either by pumps or hydrostatic pressure, and only in a 
minor degree affects those using refined oils. 

3. To place the reservoir of oil in such a position that the shadow shall occasion little or no in- 
eoDvenienoe. The use made of the lamp must, of course, here regulate its form. It is not, however. 
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always a fault when these do not exactly correspond. Thus the shadow thrown by a wall lamp is 
unimportant, as the lamp itself covers the shadow; in like manner, the shadow of a common study 
lamp cannot be considered as a fault, being used only by one person, although its prevention is 
always an improvement. 

4. To throw the light radiating from the flame, by means of collectors and reflectors, from those 
parts where it is of little service in the direction where it is most required. 

Crdde>Oil Lamps. —Lamps which consume the crude oils are now seldom employed in the United 
States, their use being mainly confined to circumstances under which kerosene and burning fluids 
(on account of the comparatively low temperature at which they vaporize, and the agitation to which 
they must be subjected) become unsafe. For railroad, ship, and factory illumination, various forms 
are constructed, on any one or more of the following principles: 

а. Owing to the consistence of crude oil, it is little affected by capillary attraction except over a 
short distance, varying with the oil used. Consequently the oil must be in the immediate vicinity of 
the burner. 

б. In order to augment capillarity, the oil may be heated. 

e. The oil is forced into immediate contact with the wick in tall lamps by means of pumps, or 
pressure exerted upon the body of oil, either mechanically or by equilibrium of fluids. 

Pump Lamps. —In these lamps the oil is raised to the wick by means of a pump, operated usually 
by a clock-train. Many lighthouse lamps are of this description. One of the earliest standard 
forms was that devised by Carcel. 

7^ Htichcock Lamp^ invented by Mr. Robert Hitchcock of Watertown, N. T., in 1868, is an 
improvement on the Carcel lamp. Its construction will be understood from Figs. 2546 to 2552. 
It is a force-blast lamp for burning lard oil without a chimney, globe, or substitute for either. The 
same motor and pump supplies both oil and air at the point of combustion. A general sectional 
view of the lamp is given in Fig. 2546. Fig. 2547 is the movement, which is pla(^ at the bottom 
of the lamp in a cylindrical air-jacket, A’, Fig. 2546. O is the mainspring, wound by a key applied 

to the arbor 0\ which projects through the false bottom 
HH. The mainspring is placed in a revolving Cylinder 
in a stationary tu^ J, On the top of this mainspring cyl¬ 
inder H is fastened an internal gear /, which drives a pin¬ 
ion 1 and its wheel 2, Fig. 2548, and throughout is driven 
by wheels and pinions ending at wheel 8, which operates 
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an endless worm 9, Fig. 2546. On this spiral is plaoed a 
fan or blower e, which is driven at a high speed (1,500 
revolutions per minute) by the train of wheels and main¬ 
spring, which draws a current of air through the holes in 
the false bottom along the air-iacket A* A* through 
the blower at e, and is thence driven around the shield /, and up the flues d^i,d\d’ to the burner 
C '. The oil is then forced up as follows: Fig. 2560 is an ordinary double-acting plunger-pump, 
with ball-valves A, A, and oil-pipes A, A, A, A, A*, and a plate to hold the parts together. The plunger 
is operated by lever </, jointed at J\ This pump is placed in the oil-tank A A' A A\ Fig. 2546, 
and is made to move forward and back by a rock-shaft r* r* and its armatures 10, 11, acting on pins 

in wheel 4. (See also Fig. 2548.) On the top of this rock-shaft is fastened a crooked arm r* r*, 

connecting with the pump-lever at J; thus, while this motor is driving air, it vibrates the pump- 
lever as described, throwing oil up through the oil-pipes A, A, A to the coupling A*, and thence through 
the bent pipe /, delivering oil into the wick-tube 2> i>, thence through the wick to the point of com¬ 
bustion, the excess of oil running down the outside and inside of the wick-tube D, dropping on the 
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shield-stramer into the shield /, and back to the tank A A ^ through strainer-pipe The lamp 
tfl filled at C; r is the stopple. The shield f serres to deflect the air from the blower e, and to carry 
back oil, also to prevent oil from gathering in the motor. The wick used in this lamp is the old 
solar, cylindrical wick, the exposure being three-sixteenths of an inch. The tube being compressed 
into an ellipse, the wick conforms to it, fig. 2651, producing a batswing flame. The air is ii^e to 
impinge from the inside by this form, and from the outside by the narrow slot in the burner at C\ 
producing a silvery-white combustion, free from discolored spots or orange tints in the flame. The 
vick-raising device is common to all lamps burning heavy oils, having a long screw-nut and but¬ 
ton E E. 

Fig. 2549 is the winding-plate, with its clicks o, o\ click-springs o’, o’, and ratchet-wheel o, and is 
attached to the bottom of %e movement. Fig. 2547. 

Fig. 2552 shows the lamp-top detached at the upper half containing burner and tube D, wick- 



tube, and bent oil-tube as far as A’, where it uncouples, in a socket, for the purpose of cleaning out 
matches, crust, etc., that accumulate with carelessness. 

It b stated that by photometric^ test this lamp has given a light equivalent to that of 17 candles. 

Kxbosxne Lamps. —The Student Lamp ,—^The St Germain or student lamp was invented by C. A. 
Deemann in 1863, and has been much improved since by C. F. A. Hinrichs of New York. It b a 
common defect of most lamps that the oil-vessel is placed immediately under and close to the burner, 
t position which throws the most objectionable shadow. Many contrivances have resulted from 
efforts directed toward transposing this cistern above the level of the flame, when its shadow would 
fin upon the ceiling of the room, or to a position mudi below the flame, when the shadow would 
Ian at the foot of the lamp. Both arrangements, however, give rise to new difiiculties, the former 
requiring regulation of the supply and the latter the use of a pumping device. In the St. Germain 
Iti^ the reservoir is placed midway up and at a distance from the burner. By this arrangement the 
bmp b also rendered safe, as the vapor of the petroleum is entirely cut off from the flame, the sup¬ 
ply-tube being constantly filled with the liquid. 

Fig. 2553 is a representation of the lamp, and Fig. 2654 a sectional view. The oil-cistern Fig. 
2554, b a movable metallic vessel capable of being closed at the bottom by a valve which moves 
by the rod depending from it. In the upright position the valve falls back and leaves the aperture 
open for filling the vessel; if the valve is then pulled up by the rod, the aperture b closed, and the 
ebtem can be inverted and put in its place. The rod attached to the valve is of such a length that 
the valve is raised as soon as the rod touches the bottom of the case. The oil therefore flows out 
imtil it has risen so hM in the case as to stop the opening of the supply-tube. From this moment 
equilibrium b established, and as the aperture is on a level with the height of the burner, this be- 
eomes filled at the same moment. The bmp has really two oil-ebtems, an under one which directly 
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feeds the burner, and an upper and inverted one for the supply of the chamber beneath as the oil 
is gradually consumed. As long as the level of the oil remains unchanged, and the mouth of A 
completely closed, no air can enter, the whole stock of oil being kept up by atmospheric pressure. 
When the lamp has been lighted some time, the oil sinks below the mouth of the cistern, and a 
few air-bubbles enter and take the place of an equal bulk of oil, which flowing again raises the level. 
The burner for this lamp is made for the round Argand wick, which is fastened over a thin sheet of 


26SS. 




metal grooved to form a screw. The air-tube has a similar screw. Fig. 2655 represents the wick 
and detached screw. The wick is applied to the tube and fastened. Both are then plac^ in a 
slotted tube, Fig. 2556, and the button pressed down to the point A*, which is screwed down over the 
air-tube. By grasping the chimney-holder and reversing the screw, the wick-tube and wick are 
raised. Mr. Hinrichs has patented and adapted a new wick whidi is non-combustible. The mineral 
wick is made by combini^ plaster of Paris, asbestos, sugar or similar saccharine material, and 
mineral wool. An ordinary wick of cotton conducts the oil to the base of the mineral wick; this 
wick requires a metal wick-tube and an outside case. Fig. 2557 represents the mineral wick and 
inclosing tube, and also the cotton supply-wick. The mineral portion protrudes for about three- 
fourths of an inch above the top of the tube. The advantages claimed for this wick are non-com¬ 
bustion, obviating the necessity of trimming, and the production of a better and more even light. 

Among the improvements on this lamp may be noted a new valve for the oil-cistem A, Fig. 2568, 
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2559. 



which consists of a semicircle of light brass, immediately above which, and loose on the rod, is a 
cork float A, When the reservoir is reversed for Ailing, the oil floats the cork, closes the valve, and 
so prevents an overflow of oil during the act of replacing the cistern. 

^hneider^s modification of the cistern consists in dispensing with the ball-valve and using a slide- 
valve in its place. Fig. 2559 is a section of the cistern. Fig. 2560 shows the method of filling the 
lamp with valve open. On the side of the valve-tube is a projection 2>. When the valve is op^ 
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the arm 5 is at right angles to this projection. The ontside cistern is so arranged interiorly that 
the astern will not enter unless the valve^irm is in a line with the projection and consequently 
dosed. The Talve is opened by rotating the cistern; the Talve-arm is now held by the slot in the 
TalTe-tube, which prevents the cistern from being emptied, should the lamp be upset Fig. 2561 is 



a representation of a drip^mp at the base of the reservoir, to catch any oil which from carelessness 
ihould run down the sides of the vessel, fig. 2662 shows a ball-valve introduced into the arm con¬ 
necting the reservoir and the burner at the point where it joins the burner, for the purpose of shut¬ 
ting off the oU-supply should the lamp be tilted. 

The Cleveland lamp is similar in design to those described, having a slight modification of the 
vick-raising device, and a safety-gauge inserted in the wick-tube and oil-reservoir. 

Bowd- Bumen ,—^Burners for kerosene lamps are constructed to carry either fiat or round 

vkks. In the Argand or round-wick burner, the air to support combustion enters at a perforated 
ring at the base of the burner, and, passing through the inner tube, supplies the interior of the flame. 
Th^ burners are varied by having the inner tul^ depressed below the outside tube, the perforation 
for air-supply being variously situated, as on the ring surrounding the base of the chimney or through 
the base of ibe lamp. The light produced by an ordinary-sized burner carrying a round wick can be 
roughly estimated at 12 candle-power. The chimney carried by these burners is a cylinder con¬ 
tracted immediately about the burner. The elevation of the wick is effected by a toothed wheel. 

Btmen requiring no Chimney, —^Figs. 2563 and 2564 represent two forms of burners which require 
DO glass chinmey to steady the flame, an ascending air-current which surrounds the flame serving this 
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purpose. In Ilg. 2563 this current passes through perforaUons, and in Hg. 2564 through slits in 
the burner. 

The use of the chimney is obviated in a different manner by the device shown in Fig. 2665. Here 
the shade-holder is made to fit around the cone of the burner, and is attached thereto in the same 
BMimer as a diimney. Upon this the shade is placed, so that the shade and holder really perform 
the functions of a chimney, inducing a draught of air to the flame. Owing to the large size of the 
combustion-chamber thus afforded. It is stat^ that combustion is more perfectly secured. 

MtneraL Wick Buniert.^ln Pig. 2666 the body of the burner is shown with the screw a for attach¬ 
ing the burner to the reservoir, and also the air-distributor h in the form of a perforated cap. The 
central stationary air-tube c is fastened at the lower end to the body of the burner, and openings are 
prorided through the body at each side of the tube e for the wick-tubes e. In Kg. 2566 the wick- 
tube is segmented at its lower part, and extends up and terminates in an annular Argand-wick cylin¬ 
der/, which contains the mineral wick u In Fig. 2667 two rectangular wick-tubes e are employed. 


Digitized by v^ooQle 










228 


LAMPS. 


connected together by plates w. The oil is supplied to the mineral wicks by means of a fibrous 
wick ff. The wick-tubes are provided with rack m, which allows of elevating or depressing the wick 
by means of pinion and shaft h /. Lateral openings v are formed in the stationary air-tut^ adjacent 

to the cut-off plate tc, the object 
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being that when the wick-tubes are 
drawn down and the fiame lesseued, 
the centra] supply of air will be re¬ 
duced by the plates fc, partially or 
entirely coming down over the open¬ 
ings V. Thus the odor which is usu¬ 
ally emitted immediately after the 
fiame has been extinguished is di¬ 
minished by reason of the circula¬ 
tion of air being cut off. On the 
burner shown in Fig. 2567, hinged 
fingers v’ arc employed, which are 
ac^ on by projections 10 on the 
wick-tubes, which, being drawn down 
these, cut off the flame, and pre¬ 
vent any escape of odor from the wick. 

TTie Clevdand Lamp contains devices for cooling the oil as it 
approaches the burner. The oxygen, instead of passing to the flame 
just below the burner-cone, enters through apertures at the sides and 
near the bottom, enveloping the central or wick tube, and keeping 
the oil contained both in this tube and in the reservoir as cool as 
the surrounding atmosphere. 

KeftdaJir$ Hydrostatic Lamp is so contrived that the oil floats on water, and is by the latter lifted 
up a tube to the burner, with which it is kept in close proximity, so that no space is afforded for 
the generation of inflammable vapor. 

Vapor Lamps. —^In these the vapor of petroleum, turpentine, gasoline, or other hydrocarbon is 
burned. In petroleum-vapor lamps the oil from an upper tank is fed to a chamber in which it is 
vaporized. It then issues from a nozzle, where it is ignited, the flame impinging upon and heating 
a plate from which arms extend down to the vaporizing chamber. The arms conduct heat to the 
chamber, and so keep it at a sufficiently high temperature to insure vaporization of the contents. 

Lamps ior Burning Various Substances, etc. —Maynmum Lamps .—The metal magnesium when 
in a state of combustion emits a light which is unendurable to the naked eye, and at the same time gives 
forth a cloud of its oxide, which eventually fills the apartment in which it is burned. Various at¬ 
tempts have been made to obviate this difficulty, and it is found that by alloying with zinc the fumes 
arc more readily removed, while the quantity of light is undiminished. An alloy with thallium has 
also been successfully tried. Long strips of magnesium ribbon are usually coiled about a drum and 
fed by clockwork into the flame of a small alcohol lamp. In one form of magnesium lamp, the 
metal is employed in a pulverized state, and may be used either alone or mixed with sand, or with 
some material, as nitrate of strontia, to give color to the flame. It is placed in a funnel-shaped re¬ 
servoir, from the lower part of which proceeds a long narrow tube, and at the lower end of this is a 
small spirit lamp. This serves to ignite and maintain the flame of the powdered magnesium, the 
flow of which is regulated by means of a small finger-tap, so as to increase or diminish the light as 
required. The spirit lamp also prevents the end of the tube from being fouled or stopped up by the 
oxide, which would otherwise form within and around it. The light emitted by a magnesium' wire 
.001 inch in diameter is equal to that of 74 stearine candles of five to the pound. 

The Aphtoyistic Lamp .—In this a wick of platinum wire is kept constantly red-hot by the slow 
combustion of alcohol, heated by the wire itself. 

The Hydroyen Lamp .—This consists of a vessel containing acidulated water, from the cover or cap 
of which is suspended a cylinder of glass open beneath. In the cylinder is hung a piece of zinc. An 
aperture in the cover over the cylinder is surmounted by a nozzle and stop-cock. Facing the nozzle 
is a hollow receptacle holding a piece of spongy platinum. When the acidulated water comes in 
contact with the zinc, hydrogen gas is generated, which gradually forces the water out of the inner 
cylinder, and so out of contact with the zinc, so that chemical action is stopped while the apparatus 
is out of use. On pressing the stop-cock a jet of hydrogen is directed upon the spongy platinum, 
which becomes highly heated and finally ignites the jet. This lamp is used as a convenient means 
ef obtaining fire in chemical laboratories, etc., and not for illuminating purposes. 

The Tar The tar is contained in a cylindrical case, and flows from thence by a pipe to 

the burner, at the summit of which it is ignited. The supply apparatus is on the fountain principle, 
and a chamber below the reservoir catches any overflow, which is drawn off by a faucet. A jet of 
air is introduced through the centre of the annular burner having a pressure of H fo square 
inch. This is admitted at pleasure by a faucet below. Without the central blast a small lambent 
flame is obtained; when the compressed air is admitted, the tar bums with a vivid white light. 

Submarine Lamps are adapted to bum beneath the surface of the water. The submarine lamp 
used in exploring the breaches in the Thames Tunnel in 1826-’27 contained a spherical reservoir of 
condensed oxygen. The light was a wax candle. The lantern was entirely air- and water-tight. 
When about to descend, a solution of caustic alkali was poured into the lamp, and a small jet of 
oxygen was admitted to the light-chamber. Of the products of combustion, the carbonic add was 
absorbed by the alkali and the water condensed on the sid^ of the glass; the oxygen mixed with 
the nitrogen to form atmospheric air. Oil-lamps constantly supplied with air by means of a fordng- 
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pomp and the electric light have also been employed. The first was objectionable on account of the 
trouble it occasioned, and the latter by reason of its expense and the strong shadows cast by it. The 
lamp of MM. Leant^ and D4noyel is supplied with oxygen gas forced under a pressure of 10 atmo¬ 
spheres into a reservoir beneath, whence it is conveyed by a small tube to two annular receptacles, 
one inside and the other outside the wick. £ach is pierced with a number of small holes. Simple 
devices regulate the motion of the wick and control the supply of gas. The whole is protected by 
a thick glass cover, so as to be air- and water-tight Van der Weyde's submarine lantern has a 
cjlindri<^ glsu case, with the interior of which two channels communicate, one connecting with a 
flexible pipe through whidi fresh air is injected, and the other with a tube by which the products of 
combustion are carried off. A hydrocarbon compound is provided which volatilizes readily by beat. 

Lamp for Burning Nitric Oxide 0<u, —The brilliancy of the light produced by the combustion of 
nitric oxide gas has been known for some time, and its application to photographic purposes sug¬ 
gested ; but it was not until Messrs. Delachanal and Mermet recently constructed a suitable appa¬ 
ratus that it could be made practically available. They use a lamp made of a pint bottle, having 
two openings through the cork, and filled with fragments of some porous substance, as sponge, coke, 
or pumice, for the purpose of imbibing the sulphide of carbon. A tube, reaching within one-fourth 
of an inch of the bottom, passes through one opening in the cork, and a larger one through the other 
opening. This is about 8 inches long, and may be of glass or metal, and is closely pa)^ed around 
with iron scale. The object is to prevent the return of the flame into the bottle, and its consequent 
explosion. The nitric oxide gas is passed into the bottle through the first-mentioned tube, and the 
gaseous mixture is conducted by a rubber tube to a kind of Bunsen burner, the air-holes of which 
are dosed, and which is furnished with a small conical valve to regulate the flow of gas. The burner 
is also fill^ with iron-scale. The nitric oxide gas is produced by Sainte-Claire Deville’s method, by 
the action of a mixture of nitric and sulphuric add upon metallic iron. With an apparatus of quite 
moderate dimensions a dazzling flame, not less than 10 inches in height, can be obtained, abundantly 
suffidoit for Uie purpose of photographic work. It has been estimated that the photographic power 
of the lamp is superior to that of magnesium, is twice as great as that of the oxyhydrogen light, and 
three times as that of the electric light* Furthermore, the flame is absolutely st^y, and there is no 
danger of its sudden extinction, as with magnesium. Its cost is said to be much less than that of 
dthCT of the other li^ts. 

Bitrie Oxide and Bisulphide of Carbon Lamp for Photographic Use. — X small spherical glass ves¬ 
sel filled with bisulphide of carbon is supplied with a wick, by which it is fed to a burner, through 
the centre of which nitric oxide is admitted from a gasometer by means of a tube bent at right 
angles. This globe is inclosed in a larger one of glass filled with cold water, to cool the bisulphide. 
Upon lifting the bisulphide, which can be done without danger, and then regulating the flow of 
nitric oxide and the hei^t of the wick, a beautiful white light of great intensity may be produced. 
This lamp, patented by Sill in England, is used principally for photographing, the exposure required 
being very riight. The light is very rich in refrangible rays, and the negatives are said to be all that 
can be desired as to the distribution of light and shade. 

The Phosphorus Lamp.' —^A safety-lamp for use in magazines, or where inflammable materials are 
stored, can be prepared in the following manner: A clean glass vial of oblong shape is fllled with 
boiling olive^il to about one-third of its volume; into this is dropped a piece of phosphorus about 
the sue of a pea, upon which the vial is tightly closed. When it is required for use, the cork is 
removed, the air is allowed to enter, and the vial recorked. The empty space above the liquid will 
then be found to become luminous. 

Oil and Oxggen Lamp. —^Van Lenac of Paris has devised an oil lamp with a burner so constructed 
ss to admit a jet of oxygen directly into the interior of the flame. The light produced was perfectly 
steady, and so intense that a gas-flame appeared yellow by contrast. 

Lamp Shades are screens placed around the light to reduce or mellow it. The commonest are those 
made of white porcelain, which both reflect the light downward and also reduce the intensities of the 
rays transmitted through them. For the illumination of show-windows in shops, reflecting shades are 
made of corrugated metal having a brightly silvered interior surface. Where the shade is of transpa¬ 
rent material and entirely surrounds the burner, the loss of light depends upon the material used. 


TMe showing lass of lAghi hy the Uh of Shades and Colored Media (Storer and Stevenson), 


materials. 


Amarkaa enameled glsM. 

Crowo-Elaaa. 

Crystal plate-glaaa. 

EoEttah plate-^aas. 

Traospareot poroelaln. 

Parlaiaii poroelalii, pink tinge 

Deep-red porcelain.. 

Window-glass. 

“ green. 

** “ groond. 


I ndeka—, Indi. I Lom per Cent. 


h 

1 61.2S 

k 

18.08 

k 

1 8.61 


6.10 


1 07.63 


67 


; 80 


1 4.27 

h 

1 61.96 

h 

1 65.96 


Lto H i' HO P S K Lamps. —^Eaoh lens light in the three largest orders of lighthouses is illuminated by a 
meehanic al moderator, pneumatic or hydraulic lamp, with the burners so placed that the centre of 
the flame when at its normal height will be in the common focus of the apparatus. All these lamps 
are furnished with multiple wioks, varying in size and number according to the order of ^e appa¬ 
ratus. The several kinds of lamps employed differ only in the mechanical oontrivanoes, which in all 
have the same object, namely, to supply oil at a given rate of consumption; their moving power is a 
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wei^ working inside the hollow support, a spiral spring, or a float for regulating the flow of oil to 
the burner. 

Bydraulie Lampy Fig. 2568, is one of the most improved forms used in the U. S. Light¬ 
house Service. A is the supply-reservoir, B the supply-tube, 
C the float-chamber, D the float, £ the burner, and F the 
overflow-reservoir. The supply-reservoir A is u^e to hold 
twice the quantity of oil that can be consumed during the 
longest night, including the waste by overflow. It is filled 

in first- and second-order 
lamps by means of the hand- 
pump Gy which is placed in¬ 
side of the overflow-reser¬ 
voir. The supply-tube B 
connects the supply-reser- 
voir with the chamber C. 
A section of the float-cham¬ 
ber and burner is shown in 
Fig. 2569. The float D is 
made perfectly air-ti^t, and 
is peiforated throughout its 
entire length by a tubular 
space and suspended from 
the valve-stem by a cross¬ 
bar. At its upper end the 
valve-stem terminates in a 
conical valve, which is in¬ 
closed in a valve-chamber. 
The latter communicates as 
shown with the supply-tube 
and with the float-chamber. 
The oil passes from the sup¬ 
ply - reservoir through the 
supply-tube into the valve- 
chamber ; then, owing to the 
notches in the valve, along 
the grooves in the valve, in¬ 
to the float-chamber without 
coming into contact with the 
surface of the float, and its 
flow becoming checked. By 
hydraulic pressure the oil 
rises to a level, which, in 
order to secure an overflow, 
is a little above the top of 
the burner, carrying at the 
same time the weight of the 
float, and raising the valve 
to a height at which it ad¬ 
mits the oil to the burner 
in sufficient quantity to sup¬ 
port good combustion, and a moderate overflow to prevent 
overheating of the burner and too rapid carbonization of the 
wicks. Fig. 2570 is a section of a first-order burner, show¬ 
ing the arrangement of the four wicks. 

AfeeharUeai Lamps ,—In mechanical lamps, the machinery 
is in general contrived to turn a vertical arbor, which by cranks and connecting-r^s communicates 
a reciprocating motion to the piston-rods of the pumps. The consumption of oil In a mechanical 
lamp producing its full effect is nearly, with sperm and colza oil, for a lamp of first order, 760 gal¬ 
lons per annum; second order, 508 gallons; and third or less (large), 179 ^lons. To enable the 
flame to produce its full effect, and at the same time to keep the crown of the burner sufficiently 
cool, the pumps should deliver nearly four times as much oil per hour as the lamp consumes. 

Height of Flame .—^The maximum heights of the flames produced by burners of the different 
orders are as follows: First order, 8.5 to 8.75 inches; second, 8 to 8.25; third, large, 2 to 2.75; 
third, small, about 2.5; fourth, 1.75 to 1.8; filth, 1.5 to 1.75; sixth, 1.5 to 1.75. 

The height of flames of ordinary Argand fountain lamps of beacons and light-vessels, correspond¬ 
ing to the full effect of these lamps, is from 1.5 to 1.6 inch. 

For details of construction of various forms of lamps, instructions for their management, etc., see 
Instructions and Directions to Lighthouse Keepers,*’ Washington, 1871. G. H. B. 

LAMPS, SAFETY. The explosive mixture of light carburett^ hydrogen and atmospheric air 
which is often present in coal-mines long made it desirable to procure some kind of device by which 
the ignition of the compound might be avoided. Contrivances called steel mills were first used to 
give light in dangerous parts of the mines, a succession of sparks being constantly elicited by the 
rapid revolution of little wheels of steel against pieces of flint. In an explosive mixture of gas and 
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•ir these however were not safe, as the sparks were liable to produce explosion. Their greatly in¬ 
creased brilliancy in this served to indicate danger; and where the gas predominated above the ex¬ 
plosive proportion, the sparks were of blood-red color or ceased entirely to be emitted. The necessity 
of more efficient protection led to the invention in 1818, by Dr. W. A Clanny of Sunderland, Eng¬ 
land, of the first true safety-lamp. In this the communication with the external air was intercepted 
by water, through which the air was made to pass. This apparatus proved too cumbrous for general 
use. In 1815 George Stephenson and Sir Humphry Davy both invented safety-lamps on other prin¬ 
ciples. The former, noticing the effect of the gaseous products of combustion to extinguish the 
burning jets of inflammable gas called blowers, which issue from the crevices of coal-mines, contrived 
a lamp which was protected by a glass cylinder, and covered at top with a perforated metallic cap to 
allow the products of combustion to pass out The air to support combustion was admitted through 
small openings in the bottom, and it was supposed that the velocity of the current entering the lamp 
would prevent the explosion passing backward; but the protection the lamp afforded was really ow- 
bg to the smallness of the apertures, continued through capillary tubes till they discharged all around 
and close against the circular burner. Davy*s lamp is represented in fig. 2671. The wire-gauze 
cylinder, throng which the air was admitted, served also for the passage of the light, and when com¬ 
posed of wire ^ to Vii of an inch in diameter, and with 28 wires or 784 apertures to the inch, proved 
a perfect obstruction to the flame in the most explosive mixtures, unless these were blown in currents 
through the gauze, or the lamp was carried rapidly through the gas. The wires might even be heated 
red-hot, as sometimes happens in very foul air, by the flame leaving the wick and burning in the upper 
part of the cylinder, and no explosion take place; but if a glass cover became hot, it might be broken 
by drops of water falling upon it; and so fragile a material under any circumstances could not 
be regarded as a sure protection. 

Among the various m<^ificarions 
of the Davy lamp, that known as 
Mackworth’s safety-lamp, which 
was contrived by one of the gov¬ 
ernment inspectors of coal-mines 
to meet the objections raised in re- 
risting the general introduction of 
the Davy lamp into the fire-damp 
mmes, is represented in Fig. 2572. 

The objections were the small light 
given by the Davy, which is an in¬ 
convenience in working high seams 
of coal; that its locks could be 
easily picked and opened by the 
woiiraen to obtain more light, or 
to light their pipes; and also the 
dan^ of brealdng the glass al¬ 
ready mentioned. The lamp has 
a thidt outer glass, a a, and a thin 
inner chimney, / b, llie air sup¬ 
plies the flame in the direction 
of the arrows Uirough three wire 

gauzes: first through the cylindrical gauze c; then through the gauze d, 
which supports the brass cover e of the glass chimney b; and thirdly 
through the conical wire gauze /, which wim its frame acts as a support 
to the glass chimney b. This conical frame throws the air on to the flame 
y so as to produce a more perfect combustion and a white light. This 
lamp bums with a steady flame in currents of air which extinguish other 

bmps. It is lb. header than the Davy, and lb. lighter than the Clanny lamp. The outside 
glass does not get so hot as in the latter; and if it breaks, there is still a perfect safety-lamp inside. 

Jig. 2573 shows the type of bmp known as the “ Clanny,” with the protector principle added. A 
b the wire-gauze; the glass cylinder below it, bedding on the plate C, which b provided with an 
aperture 2), screwed to receive the extinguisher-tube 4. This tube is, in turn, provided with a coarse 
thread to receive the burner. The reservoir is fllled with a sponge 0, in connection with a permanent 
wkk AT, reaching to within a short distance of the top of the burner, the remaining space being oc¬ 
cupied by a short asbestos wick My which, though unconsumable, may be renewed should occasion 
require. The protector principle consists in its being impossible to remove the lower or reservoir 
po^on of the bmp from the upper, without at the same time extinguishing the flame; and this is 
accomplbhed in the following manner: When the bmp is trimmed and lighted, with the extinguisher- 
tube screwed in its place over the burner, all these parts together are screwed into the plate C of the 
upper pwrtion, from which they may be again withdrawn as long as the bolt Gy sliding in the projeo- 
tiou By b kept clear of the extinguisher-tube. Directly, however, this is shot home, its hollow curved 
end occupies the space between the flanges of the extinguisher-tube, and prevents the tube from 
foUoiring the burner on the latter being unscrewed. The consequence is that, on the burner being 
drawn Mow Uie tube, even to the extent of one-third of an inch, the flame becomes extinguished 
owing to its being deprived of the oxygen necessary to support combustion. The bolt is retained in 
its^ioe, after being shot, by the smaU spring flying out and butting against the portion marked B of 
the cainng. (For other forms of bmps, see Engineerinffy xxvii. 423.) 

The tnaifi points to be considered in a miner’s safety-bmp are the following: 1. The flame should 
be protected with a covering the density of which b sufficient to absorb the heat from and reduce 
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the temperature of the flame, so as to render it incapable of igniting explosiye gas, while at the same 
time the rays of light are allowed to pass through as freely as possible. 2. The fuel for supporting 
the flame should of such a nature as to insure perfect combustion. 8. The lamp should be so 
constructed that it cannot be tampered with in the pit in such a way as to expose a flamd, which, on 
coming in contact with the gas, would cause an explosion. A simple method of testing safety-lamps 
consists in placing at the bottom of an open jar a small quantity of petroleum spirit, the vapor of 
which mingling with the air of the jar forms an explosive mixture. The lamp is plunged into the 
jar, and any defect in its protector is at once shown by the occurrence of a slight explosion. 

LAPPER. SSee Cotton-spinmino Machinery. 

LAPPING. See Carpentry. 

LATHE, METAL-WORKING. The distinctive names applied to the principal forms of metal¬ 
working lathes are as follows: 

I. The foMaihe^ which is sufficiently small and light to be worked by the foot of the operator. 

II. The hand4edihe^ wherein the operation of turning is performed by hand-tools and appliances, 
and which has no self-acting feeding device to hold and guide the cutting-tool. 

III. The edf-ading laihe^ which has mechanical contrivances for holding the tool and causing it 
to advance over the object being turned. 

IV. The chucking or face designed to carry heavy or large work fastened to the face-plate 
or chuck. 

V. The boring lathe^ designed to operate mainly upon internal cylindrical surfaces. 

Any of these lathes may be included in classes termed respectively single-geared or back-geared; 
the first denoting that the lathe is supplied with a cone or stepped pulley, unaccompanied by any 
gear-wheels for r^ucing the speed of the lathe-spindle, as is requisite when turning work of large 
diameter or of hard metals; the second indicating that the lathe is provided with such gear-wheels. 

The essential parts of a lathe are the head-stocky containing the driving-cone and live or revolving 
spindle; the tail-stocky supporting the back centre; and a bed or frame carrying these two stocks. 
The necessary adjuncts to a lathe are rests whereon to sustain or carry the cutting tool, diucks 
whereon to fasten work requiring to be held, and various other special devices whidi will he noted 
elsewhere. ^ 

The Foot-Lathe. —^In Fig. 2574 is shown a foot-fathe. A is the bed, B the head-stock, C the 
tail-stock, and D the hand-rest to sustain the cutting or turning tool. is a treadle to be operated 

by the foot, being pivoted for that 
purpose at FF, G is a chain con¬ 
necting the treadle to the crank shaft 
F. / is a stepped pulley connected 
by belt or band to the cone-pulley of 
the lathe. The pressure of the foot 
is applied to F upon its down stroke, 
causing ff and I to revolve and to 
commimicate motion through the belt 
to the cone-pulley. The wheel I is 
made of sufficient weight to act as a 
fly-wheel, and lift the treadle during 
the return and upward stroke, when 
the pressure of the foot is again ap> 
plied to Ey thus causing continuous 
rotary motion. The work is either 
fastened to the face-plate K or its 
equivalent in the form of a chuck (see 
Lathe-Chucks), or it is held between 
the centres. These centres are con¬ 
ical and pointed plugs, one of which 
fits into the live spinffie and the other 
into the dead spindle; the latter is 
shown at Z, and the former is hid¬ 
den in the figure by the face-plate. 
Work to be placed between the cen¬ 
tres receives a conical indentation at 
each end of its axis, and is suspended by being so placed that the centres fit into these indentations. 
The cutting tool is held in the hand and sustained upon the rest 2>, while its sharp edge is pressed 
against the revolving work. The tool is held firmly to the upper surface of the rest D ; hence not 
until it has turned the work to a circle concentric with the conical indentation will the tool-edge have 
contact and perform cutting duty upon the whole circumference. If the conical indentations are not 
in the centre of the ends of the work, or if the latter is not round, so that the fixed tool-point touches 
only one part of its circumference during a revolution, the work is said to be out of truth. To set 
the lathe to hold different lengths of wo^ the tail-stock C may be fastened to the bed A by means 
of the hand-screw shown at M, at any required distance from K; and the rest I) may in similar 
manner be moved along and fastened at any point upon the bed surface to suit the part of the work 
requiring to be turned. 

The Hand-Lathe. —In Fig. 2575 is shown a hand-lathe of the pattern made by the Pratt & Whit¬ 
ney Company of Hartford, Conn. The double frame is designed so that the lathe may be detached 
from the legs and tool-trough at A', and bolted to a bench or elsewhere. To drive lathes other 
than foot-lathes, a counter-shaft is employed, shown in the figure at the foot of the lathe. 



Digitized by ^ooQle 




Digitized by v^ooQle 


METAL-TURNING LATHE. 






































Digitized by 



LATHE, METAL-WORKING. 


233 


Tfen Selt-actino Laths. —The following illustrations relate to an improved self-acting lathe con- 
B^cted by William Sellers k Co. of Phil^elphia. 

Fig. 2676 is a side elevation and Fig. 2677 is a plan view of the head-stock of this lathe. ' is a 
gea^-wheel attached to 8 for the purpose of driving the feed-motions of the lathe-carriage. The 
tnun of wheels between W and the feed-screw are termed the change-wheels, because there are a 
Dumber of these wheels of the same pitch of teeth but of different diameters, or, what is the 
same thing, containing different numbers 
of teeth; and only those are placed in po- 
sition on the lathe whose numbers of teeth 
ire those necessary to effect the proper 
ratio of revolutions required under any 
given circumstances to be maintained be¬ 
tween the live spindle and the feed. In 
Fig. 2576, J is the cone or stepped pulley, 
which is driven by the belt. It is fitted 
a neat working fit to the live or running 
iptndle 8, and revolves thereon unless at¬ 
tached bv a suitable device to the gear¬ 
wheel C, The pulley is stepped so as to 
render it possible to alter the speed at 
which J will revolve by placing the driv¬ 
ing-belt upon the steps 1, 2, 3, 4, or 6, as 
the size of the work may require. The 
wheels 1/ and E\ Fig. 2677, are termed 
the bade gear, and their office is to reduce 
the speed of the lathe. When the wheels 
D a^ E' engage with C and F\ Fig. 

2576, the lathe is said to be in gear, and 
the cone J revolves upon the spindle 8, 

F*, which is fast upon the cone, rotates 
IX, which is fast upon the same shaft as 
and E' rotates C. This gives five 
Ep(^ with the cone and five with the 
haxk gear, in addition to which five more 
are obtained by means of a pinion upon 
the end of the shaft O ' enga^ng with the 
gear-teeth upon the face-plate O'. The 
whole fifteen speeds are so regulated that 
the rate of decrease or increase is uniform throughout the series. In Figs. 2678 and 2579 is shown 
the construction of the tail-stock of this lathe. Its office is to sustain one end of all work that is 
toned between the centres. In Fig. 2677, P' is called the live centre because it revolves with the 
live spindle 8 ; and in Fig. 2578, is called the dead centre, because it is stationary with the spin¬ 
dle F". Given a piece of work of a certain length, the tail-stock A ', Fig. 2579, is moved upon the 
lathe-bed (as the casting carrying the head-stock and tail-stock is termed) to about the proper posi¬ 
tion, and is there bolted by means of the 
nuts N' N\ Then conical cavities being 
made in the ends of the work, one cavity 
is placed over and upon the live centre; 
and the other end of the work having been 
brought in line, the dead centre P" is 
screwed outward into the other cavity; 
and thus the work is suspended between 
the two centres P' and P". To operate 
the back or dead centre, the spindle B'\ 
Fig. 2578, is made a neat sliding fit in the 
tail-stock, and at one end of this spindle 
is provided a nut, into which the thread or 
screw O " (Fig. 2678) fits. This screw has 
journal-bearings in the tail-stock at E'\ 
and is provid^ with the collar shown on 
the inside, while the face of the hand-wheel 
D" forms a collar on the other side of the 
journal. Hence, by revolving the wheel 
D'\ the spindle B" is made to pass out 
from or recede into the tail-stock. Now 
the spindle B'\ being a sliding fit in the 
tail-stock, will in time become loose there¬ 
in by reason of the wear; and it is there¬ 
fore necessary, after the work is in position 
between the centres, to lock the back centre firmly in place, for which purpose the device shown in 
Fig. 2678 is prorid^. The front of the poppet-head or tail-stock is furnished with a threaded end 




or boss, Uii 
The hole in 


which the spindle passes, and over which a brass nut is screwed by a handle H'\ 
the spindle moves is bored bell-mouthed at the front end, and in this taper hole 
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there is fitted a small split steel collar or ring turned to the same taper. Now, as the nut is screwed 
on, a projecting fiange upon it forces the sted ring farther into the taper hole, and thus causes it to 
clamp the spindle; while a half turn back unscrews the nut a little way, and enables it to spring 



out by its own elasticity, thus relieving the pressure on the spindle at once. Less than half a turn 
of is enough either to fasten or loosen the spindle; and it is worthy of note that this device 
clamps the spindle as nearly as possible to the point of thrust, and never exerts any influence to 

throw it out of line or centre or to spring it The centres 
P' and P” are fitted to a conical or taper hole in the re¬ 
spective spindles. Some kinds of work cannot be tum^ 
between the lathe-centres, but require to be chucked, that 
is, fastened by means of bolts and nuts and plates of iron 
to the face-plate of the lathe, or else to a table or frame 
provided especially for the purpose. In Fig. 2677, C is the 
face-plate upon which work may be chucked. When, in¬ 
stead of a face-plate, an equivalent is used containing mov- 
able jaws or other attached devices for holding the work, 
the term chuck-plate or chuck is used instead of face-plate. 

The details of the slide-rest construction are shown in Fig. 2680, in which A A represents tho 
lathe-shears, B a carriage which slides thereon, and C a slide operated at right angles to the length 
of ^ ^ by means of the screw which is termed the cross-feed screw. To the slide C is attached 
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the slide-rest R ' and R, K is provided with a slide along which slides R^ operated by the screw 
O, which is worked by the handles H. T' is the device for holding the steel cutting tooL The 
carriage B slides along the bed of the lathe for the purpose of traversing the cutting tool along the 
revolving work. C is operated to adjust the depth of the cut by means of the screw S' and handle 
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E\ and R may be used for the same purpose. It will be noted, however, that the rest R' is held to 
C by bolts. This is done to enable the rest (when designed for the purpose) to be swung around so 
that the direction of the slide and hence of the screw O may be at any desired angle to the length 
of the shears A A. When a slide-rest is thus constructed, it is termed a compound slide-rest, and 
the upper or compounded part R' and R is employed to turn tapers or cones, the planes of whose 
exterior or surface are at an angle (other than 90*") to the length of the shears A A, In some lathes 
the screw 8' is operated by mechanical means, in which case the lathe is said to have a self-acting 
or automatic cross-feed. ** Screw-cutting lathe ’’ is a term applied to lathes especially adapted to 
catting screws. In the lathe under consideration there are two motions for traversing &e slide-rest, 
one of which is by means of the spindle shown at in Fig. 2581, operating a pinion in a rack. 
The changes of speed necessary to this feed-spindle are obtained by means of the friction-disks 
shown at L' and while the change gear-wheels for operating the screw-feed are shown at N' 
and O'. Both of these feed-motions are operated primarily by the gear H' attached to the end of 
the lathe-spindle. The feed-screw P' rests in a trough, preventing it from sagging, which would 
operate to cause the threads cut by the lathe to be of greater fineness than that due to the speed 
a^ {Mtch of the feed-screw, or rather le^-screw, as it is often termed. The object of providing two 
feed-motions is to use the screw-feed for cutting threads only, and thereby preserve it from deteriora- 
tioD by unnecessary wear; it being obvious that the truer and less worn the feed-screw is, the more 
aceurate in pitch will be the screws or threads cut in the 
lathe. To traverse the slide-rest by band, the hand-wheels 
shown at i7and 2580, are provided, being attached 

to a spindle having journal-barings in the saddle or car¬ 
riage as shown in section, and having a pinion gearing into 
theradc. 

If the running or live spindle of a lathe revolved absolute¬ 
ly true in its bwings, if the tail-stock and slide-rest were in 
perfect contact with the bed, if the tail-stock were in true 
line with the head-stock, and if the slide-rest moved parallel 
with the line of centres of the head- and tail-stock, there 
beiiig no lost motion in any of the working parts, or spring 
to tool, the work would be cut perfectly clean and geomet¬ 
rically true. Therefore, in precise proportion as these con¬ 
ditions are fulfilled in the construction of a lathe will its per- 
fonnanoe approach perfection. The main points to be looked 
to in construction consequently are, that the tail-stock shall 
fasten to the bed in true line with the counter-line of the 
Hve spindle, and that the locking of the dead-centre spindle 
•hall not cause that spindle to deviate from that true line. 

The slide-rest must be so fitted to the shears that it will, in 
traversing along the latter, move parallel to the same line. 

As the head- and tail-stock of the latter are firmly bolted 
to the bed, it follows that the weak point in the connection 
of the parts lies in the manner of adjusting the carriage, or 
saddle as it is sometimes called, to the b^. It is at this 
portion that the most wear takes place, and especially be 
tween the saddle and the bed, from directly beneath the run* 
ning centre of the lathe over a distance of about half the 
kn^ of the bed, extending toward the tail-stock; because 
in the shorter len^hs of work this part of the bed only is in 
ue, and it is not often, except for special employments, that 
the full length of the bed or shears is traversed by the slide- 
rest The area of contact between the saddle and the bed has 
an important bearing, because a small area of contact acts as 
a weak section upon which vibrations have a more percepti 
ble effect In many lathes, however, the saddle or carriage, instead of sliding upon the flat surface 
of the bed, and thence having wearing surface and contact to the extent of the area of the bottom 
face of the carriage, is provided with Y-grooves which fit upon raised VVrunning from end to end 
of the bed. The advantages sought by this arrangement are, that since the tail-stock is fitted to 
the same raised Y*8 upon the lathe-bed, it will always be in line, and will not be set out of true 
laterally from any wear that may take place in the V’s or grooves; whereas, in a lathe in which the 
tail-sto^ fits between the edges of the two sides of the shears, the tail-stock is necessarily made a 
working fit to enable its sliding along the bed, and when any wear takes place, the stock will not 
adjust ftself dead true laterally with the running head 

Another advantage sought by the adoption of V’s is, that the wear of the bed shall be vertical, 
and therefore in a direction to have the least effect upon the work. Suppose, for example, that in 
Fig. 2582 W represents a piece of work and T a turning tool. The difference in the height of the 
tool due to the wear of the bed would have a very slight effect upon the diameter of the work. Let 
the wear be represented by the vertical distance from AtoB, the tool-point standing at A at the 
commencement of the cut, and at £ at the other end or termination of the out; then it is apparent 
that the variation in diameter would be less than if the amount of wear upon the bed were in a 
lateral instead of in a vertical direction. This is because in the former case the tool-point, instead 
of dro|q>mg during the length of the cut from A to By would recede from the circle C to that denoted 
1^ i>. It is to be noted, Imwever, that to cause the wear of the Y's to be vertical only, the pressure 
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likewise would require to be vertical. Such, however, is not the case, except where a tool having 
a maximum of side rake (as in Fig. 2682) is used. While employing all other forms of tools, the 
direction of the drain on the slide-rest will be lateral as well as vertical, and the wear of the lathe- 
bed or ways will vai^ accordingly. 

The form of construction followed in the lathe shown in Figs. 2576 to 2681 is as follows: The 
bed or shears is planed and fitted true from end to end. The head-stock is bolted firmly and perma¬ 
nently to the bed, the spindle standing exactly parallel 

to the length of the shears. Upon the perfection of SS88- 

workmanship of the live spindle and its bearings de¬ 
pends the possibility of turning the work truly cylindri- 
cal, and any imperfection in the roundness of the bear¬ 
ing will be repi^uced upon the work. As the spindle 
is subject to continuous wear, it is important to con¬ 
struct it with a view to withstanding such wear as much 
as possible; hence it is made of steel, hardened, and 
ground up true afterward. The bearings are mode of 




steel accurately trued after hardening. To prevent the 
spindle from getting end play, the back bearing is made 
conical, and a stationary collar of hardened steel is 
secured to the spindle back of the back bearing. This 
collar is ground true and runs between hardened steel 
plates, preventing lost motion or end play, and obviating 
the necessity of providing the spindle with collars at the 
ends of the front bearing. This has a twofold advan- 
tage: first, it permits the spindle to pass through the 
front bearing to accommodate any expansion or con¬ 
traction in its length due to variations of temperature between the spindle and the head-stock ; and 
secondly, it does away with the tail-screw sometimes employed instead of the steel collar, the end 
of the spindle being thus left free to receive the change-wheels necessary for screw-cutting. 

To maintain the tail-stock, or back head of the lathe, as it is sometimes called, in true line with 
the bead-stock or running head of the lathe, when fastened on any part of the length of the bed, the 
following excellent plan is adopted: In Fig. 2688 the shear is shown provided with a Y, and the 
clamp B is provided with a corresponding V ; so that when the bolt C is tightened it draws these two 
V’s together, insuring that the back head shall stand exactly in line, while at the same time that head 
fits down upon the flat surface of the lathe-shear. To turn tapers, the back head requires to be set 
over out of line with the running head, and this is effected as follows: The back head is constructed 
in two pieces, E and F. E is capable of sliding upon and after adjustment is locked by means 
of the l^lts and nuts denoted by D. It is obvious, however, that short tapers may be turned without 
moving the back head out of line, by swinging the slide-rest out of line as already described. When 
the back bead is placed out of line to enable the latter to turn taper, the work is liable to get out of 
true because of the lathe-centres not standing true with the centres of the work. Hence a special 
device, termed 2i former-attachmtnty is added to lathes constructed to turn tapers or irregular forms. 
This device may be improvised for almost every construction of engine-lathe by giving play to the 
nut which works the cross-slide of the slide-rest, and allowing a projection from this nut to press 
against a stationary former^ either in the bed or on its upper surface, as is most convenient. The 
slide is pressed against this former-bar by a cord over a pulley, a weight being attached to the cord. 
This arrangement permits ready adjustment of the tool to its feed, while the motion of the tool is 
governed entirely by the former-bar, which if parallel with the b<^ produces a cylinder; if at an 
an^, a cone. 

J%e Chasing Lathe (Bellers) shown in Fig. 2684 is designed to turn, bore, drill, ream, and tap brass- 
work, held, or as conunonly termed chucked, either upon the face-plate or in chucks of a conforma¬ 
tion designed to suit special work. The back head or tail-stock serves instead of a slide-rest, the 
turning tool, tap, reamer, or drill occupying the place usually occupied by the dead centre. To hold 
these tools firmly, the back spindle is made square, and the bearing on which it operates is adjust¬ 
able to take up the wear. The upper part of the tail-stock sets over to enable the turning tool to 
move laterally to suit the diameter of the work. To cut external threads, the chasing-bar A and 
slide-rest B are provided at the back of the lathe, the latter firmly attached to the former. To cut 
different pitches of thread, the bar A is provided with hobs of different pitches operating on a station¬ 
ary nut, thus causing A to move lengthwise at a speed corresponding to the pitch of the thread of 
the hob; hence, single, double, triple, or quadruple threads may be cut with equal facility. In oper¬ 
ation, the rest B is pulled over to the work when traveling forward, and pushed back (partly rotating 
A) on the backward motion, which is so arranged that the hob and nut are thrown out of contact, 
enabling the bar to be traversed back by hand with a very quick motion, instead of feeding bade 
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with t rewersed motion of the screw. The bar A is counterweighted so as to press cither toward or 
awaj from the centre line of the lathe. By a suitable deTice the slide-rest may be adjusted so as to 
be incapable of carrying the tool beyond a certain distance from the centre of the work, so that 
when once set the work may be cut to its proper diameter without requiring to be gauged or cali¬ 
pered. As an example of the operation of this tool, a piece of brass may be bor^, tapped, and 
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Bcrewed externally, or other operations performed upon it, at one chucking; the size of the boring, 
tapping, and screwing being standard, because of the standard sizes of the tools used, and of the 
adjustment of the slide-rest or of th 3 tail-stock, as the case may be. The addition of a hand-rest is 
provided to enable the workman to perform with facility such slight operations as rounding edges 
or chamfering them, as required. The work turned out of a lathe of this class is of standard dimen- 
aoDS, and the parts are therefore interchangeable; while in quantity it is vastly greater than that 
obtained from an ordinary lathe under even the most skillful operation. 

Change- Whe^ for Screw-cutting in the Lathe. —The pitch of a screw is the distance between two 
idjacent threads. It is usually designated by the number of threads contained in an inch of length. 
With reference to its screw-cutting wheels, a single-geared lathe is one in which the driving-gear is 
either fastened upon and revolves with the cone-spindle, or is driven by an intermediate gear-wheel 
of such size that the driving-gear, though not fast upon the cone-spindle, yet makes the same number 
of revolutions per minute as does that spindle. At the same time the train of wheels is a single one, 
there being no two wheels of different diameters running side by side. In such a lathe all the 
changes in the wheels required to cut threads of different pitches ai'e made upon the driving-gear, or 
npon the gear aflSxed to the feed-screw; the intermediate wheels having no other effect save to com- 
nrankate motion from the driving-gear to the feed-screw gear. Hence, having ascertained what sizes 
of wheels are required for the driving-gear and the feed-screw, they may be connected together by 
nieans of any other gears irrespective of their sizes It will be perceived, then, that if the driving- 
gear and the feed-screw gear contain respectively the same number of teeth, the lothe will be geared 
to cut a thread of the same pitch as that of the thread on the lathe feed-screw, because the feed¬ 
screw will revolve at the same speed as the lathe head oi spindle. Now, in proportion as the feed¬ 
screw revolves slower than the cone-spindle will the thread cut by the lathe-tool be finer in pitch 
than that on the feed-screw, and vice verea. Hence, to find the wheels .necessary to cut a thread of 
*07 required pitch in a single-geared lathe, we have the following rule: 

Divide the pitch of the thread required by the pitch of the feed-screw, and use the product as a 
divisor to the number of teeth contained in the wheel already upon the feed-screw, and the last pro¬ 
duct will be the number of teeth required in the driving-wheel. 

In Fig. 2585, a represents the end of the cone-spindle, and b the feed-screw; c is the driving- 
wheel, tmd d the feed-screw wheel. 

Ezample. —Suppose that, the pitch of the feed-screw being 4 to an inch, it is required to cut a 
thread of 3 to an inch, the wheel d containing 80 teeth, how many teeth will c require to contain ? 
Ahm. 8 -f- 4 = 2; then 80 -*- 2 = 40, the number of teeth for the wheel c. 

This rule may be used to advantage, because, when the feed-screw is employed for carrying plain 
feed-cuts, it usually requires one of the largest wheels upon it, because the tool-feed is usually finer 
thM the threads ordinarily cut upon it. Hence, while it is almost always necessary to remove the 
driving-gear c, it is rarely requisite to change the feed-screw gear </, unless the thread to be cut is 
coarser than the pitch of the feed-screw, in which case the following rule may be used: 

Divide the pitch of the thread to be cut by the pitch of the feed-screw, and the product will be 
the proportion required to exist between the number of teeth on the driving-gear and on the feed. 

Sample .—It is required to cut a thread of 8 pitch in a lathe whose pitch of feed-screw is 4; what 
nwober of teeth must the driving-gear and feed-screw gear respectively contain ? Ans. 8 -f- 4 = 2 = 
the proportion between the required gears. Hence, we select any two gears in which one contains 
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twice as many teeth as the other; and as the thread to be cut is coarser than the feed-screw, it is 
obvious that the smaller of the two must be placed on the feed-screw, and the larger on the cone or 
lathe-spindle. 

The term comjxmnd or double-geared^ as applied to the screw-cutting wheels of a lathe, means that 
between the driving-gear and ^e feed-screw gear there are two gears of different diameters, but 



revolving on the same spindle or axis. The object of this arrangement. Fig. 2686, is to obtain a 
wider range of difference between the revolutions of the cone-spindle and the feed-screw than 1. 
possible in a single-geared lathe, and thus to allow of the cutting of threads of finer or coarser 
pitches. It is convenient when practicable to change one wheel only; and if it is determined to 
change the wheel upon the feed-screw, we may use the following rule: 



Divide the pitch to be cut by the pitch of the feed-screw, and the product will be the proportional 
number. Then multiply the number of teeth on the lathe-mandrel gear by the number of teeth on 
the smallest gear of the compounded pair, and the product by the proportional number, and divide 
the last product by the number of teeth for the wheel on the feed-screw. 
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Suppose, for example, the gear on the lathe-mandrel contains 40 teeth running Into the largest of 
the compounded gears, which contains 50 teeth, and that the small gear of the compounded pair con¬ 
tains 15 teeth: what wheel will be required for the feed-screw, its pitch being 2, and the thread 
requiring to bb cut being 20 ? 

Pitch Pltdi of ProportloiuJ Mandrel- Bmall com- Proportional Large com- 

required, feed-screw. number. gear teeth pound gear. number. pound gear. 

20 -f- 2 = 10. Then— 40 x 15 x 10 50 = 120, 

the number of teeth required upon the wheel for the feed-screw. In the above example, however, 
all the necessary wheels except one are given; and since it is often required to find the necessary 
sizes of two of the wheels, the following rule may be used: 

Divide the number of threads to be cut by the pitch of the feed-screw, and multiply the quotient 
by the number of teeth on one of the driving-wheels, and the product by the number of teeth on 
the other driving-wheel; then any divisor that leaves no remainder to the last product is the number 
of teeth for one of the wheels driven, and the quotient is the number of teeth for the other wheel 
driven. (In this rule the term ** wheel driven means a wheel which has motion imparted to it, while 
its teeth do not drive or revolve any other wheel; hence the large wheel of the compounded pair is 
one of the wheels driven, while the wheel on the feed-screw is the other wheel driven.) 

Examplt .—It is required to cut 20 threads to the inch, the pitch of the feed-screw being 2, one of 
the driving-wheels containing 40 teeth and the other 15. 

Pitch required Pitch of Teeth in one Teeth In other 
to be cut. feed-screw. driving-wheel. driving-wheel. 

20-4- 2 X 40 X 15 = 6000. 


Then, 6000 -4- 50 = 120; and hence one of the gears will require to contain 50 and the other 120 teeth. 

If we have not two of such wheels, we may divide by some other number instead of 50. Thus: 
6000 -4- 60 = 100; and the wheels will require to have respectively 60 and 100 teeth. 

If there are no wheels on the lathe, we proceed as follows : 

Divide the pitch required by the pitch of the feed-screw; the quotient is the proportion between 
the revolations of the first driving-gear and the feed-screw gear. 

Example .—Required the gears to cut a pitch of 20, the feed-screw pitch being 4. Here 20-4-4 
= I; that is to say, the feed-screw must revolve 5 times as slowly as the first driving-gear. We 
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Weighted Engine - Lalhe, — In 
Fig. 2687 is shown a back Tiew of 
the Pratt & Whitney Company’s 
(of Hartford, Conn.) weighted en¬ 
gine-lathe. In this class of lathe 
the lower part of the slide-rest, 
termed the carriage, is kept down 
to the guide V’s by the weight 
shown suspended beneath the 
lathe-bed. This lathe is provided 
with Slate’s patent taper-turning 
attachment. This is constructed 
as follows: At the back of the 
lathe-bed are three backets, shown 
at E in the plan view of the at¬ 
tachment in Fig. 2688. These 
brackets support an adjustable bar 
A, The centre bracket receires a pivot C, which the bar A swings, while the end brackets afford 
means of fixing the bar in its adjusted position, i) is a thumb-screw for effecting the final adjust¬ 



ment of A after it is placed as near as may be in position on the brackets. The bar A is provided 
with a longitudinal slot, into which the slide E traverses a close working fit; and to is pivoted a 
bar which carries the nut for the cross-feed. The nut-bar F slides in a groove provided in the 
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lower part of the tool-carriage; hence, if A be placed at an angle to the ways of the lathe, the slide 
E imparts (as the carriage traverses) a transverse or cross*feed motion to the carriage, causing the 
tool to turn taper. 

In one form of this lathe is a device for adjusting the fit of the tail-stock spindle without employ¬ 
ing any parts save those necessary to the locking device. The manner of accomplishing this is shown 
in fig. 2589, in which A represents the tail-stock spindle, and B the socket, with a clip shown at C 
for locking. D is the bolt or stud, having upon it the collar E, is a washer, and O the handle. 
The operation is as follows: The stud D is screwed down until it closes the clip suiiiciently to adjust 


S591. 



the socket a proper working fit to the spindle, after which the stud D remains in a fixed position. 
To lock the spindle, the handle O is used, thus forming a neat and effective device. 

The Whitworth Duplex Lathe, —Fig. 2590 is a cross-sectional view (through the slide-rest and 
shears) of a Whitworth duplex lathe with compound slide-rest. There are two slide-rests operating 
opon the same carriage and moved by the same cross-feed screw, one being operated by a right- 
h^ed and the other by a left-handed screw, so that the two simultaneously approach or recede 
from the axial line of the lathe-centres when operated by the cross-feed screw. The turning tool for 
the front slide-rest is placed in the usual manner, while that for the back one is turned upside down, 


2692. 



the two tools, operating simultaneously, thus performing twice the quantity of work. A more im¬ 
portant advantage is, however, that the strain due to the depth of cut is taken off at one traverse 
of the slide-rest, and, being thus divided, may be made equal on the two sides; and therefore the 
work is not sprung by that strain, and may be turned more true than it could with a single tool. 
Especially is this the case with long square-threaded screws or long spindles. The adjustment of 
the tools to their respective cots is made by operating the respective upper slides of the slide-rests. 
It is usual, however, when the tools arc first secured by the clamps, to set the front tool first and 
afterward adjust the rear one; and this is compulsory when the tools are not diametrically opposite, 
as In the case of screw-cutting; it being obvious that the tool which leads merely reduces the size 
of the work, while that which follows determines the finished diameter. 

76 
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Lathe for Axle-tuming .—^The lathe shown in Fig. 2691 is constructed by the Putnam Machine 
Company for the especial purpose of turning car and locomotive axles. The bed-face contains two 
steps or ways, upon the upper of which the slide-rest or carriage travels, and upon the other the 
head- and tail-stock slide. The object of this arrangement is to keep the face upon which the car¬ 
riage slides free from the turnings, and thus to avoid both friction and abrasion. The bearing for 
the running spindle is split at the top at A, Bolts pass through lugs provided on each side of the slot 
formed by the split, so that by screwing up the bolts the bearing is adjusted to fit the spindle. The 
bolts holding the driver to the face-plate pass through two slots in the driver, and the latter has two 

projecting driving-studs or 
pins, By Cy the object being 
to drive the work on two 
sides, and thus avoid the 
spring which is inherent to 
driving from one side. It 
is obvious that the driver, 
dog, or carrier placed upon 
the work must have two 
diametrically opposite pro¬ 
jecting pieces, and that the 
driver upon the face-plate 
of the lathe will adjust it¬ 
self so as to come in con¬ 
tact equally with the lugs 
upon the driver or dog upon 
the w’ork. The feed-screw 
of the lathe is driven by 
the gear show^n, and passes 
along the middle of the way 
whereon the carriage slides, 
the nut at its end b^ng 
shown at E, For moving 
the carriage by band, the 
rack /i^is provided, to which 
a pinion operated by tbe 
hand-wheel G is geared. 
To prevent spring in the 
tail-stock, it is fastened to 
the bed-slide by the three 
bolts shown, while the tail- 
stock spindle is locked by a 
clip operated by the lever 
H. The rod F is for op¬ 
erating the feed, of which 
there are two speeds, one 
for roughing out and the 
other for finishing the work. 

The Double Axle-tuming 
Lathe. — In Fig. 2592 is 
shown a lathe designed to 
turn the two ends of an 
axle simultaneously. The 
driving-head is near the 
middle of the length of the 
lathe-bed, and is provided 
with a Clement’s driver. 
The driving-spindle is hol¬ 
low to permit the axle to 
pass through it. There arc 
two slide-rests and two tail- 
stocks, as shown, so that 
the two ends of the woik 
may be operated upon. 

Gap Lathe .—An exam¬ 
ple of the gap lathe is given 
in Fig. 2698. By the use 
of the gap in the bed, a piece of work 48 inches in diameter and 26 inches in length may be turned ; 
and by the face-plate on the back end of the spindle, a wheel 9 feet or more in diameter can be 
bored. The boring-bar is passed through the spindle, and is supported by a bush at one end, the 
other extremity being, as usual, carried to the rest. The dimensions of the machine here represented 
are 30-inch swing, 21 inches over the rest, and 10 feet 6 inches between centres. 

Lathes for Turning Large and Heavy Work are provided with a bed resting directly upon the 
floor or foundation, without the intervention of supporting legs, necessary when shears are employed. 
In the Sellers lathes these beds are provided with three flat surfaces (instead of two) to support the 
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tail-stock and carriage, thus more effectually and rigidly supporting them and providing additional 
wearing area. In lathes of this class the work to be bored is often bolted to the carriage; hence 



them from springing. To obtain a very slow speed without the employment of many gear-wheels, 
the (^nck-pUte or face-plate is provided with internal gear-wheel teeth as shown, into which meshes 
a {Rnbn d^en by the back gear of the lathe. The radial slots shown upon the circumference of 
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the plate are to recciye the heads of the bolts used to fasten work to the plate. In lathes of this 
class the cutting tool is held by two clamping plates, because one screw would not hold the tool with 
sufiScient firmness. 

SeUers's Improved Wkedlurning Lathe is represented in Fig. 2696. The heads of this lathe arc 
unusually rigid, being ** box-framed; ” that is to say, the outer surface is a continuous piece, without 
any open panels or standards—a form which, in conjunction with the broad base of the bead, gives 
great solidity. From the extra width of the bed the pressure of the cut always falls within the bed 
surface. Ilie feed-motion for the slide-rest is obtidned by an independent overhead rock-shaft. 
In this lathe there are two face-plates, the object being to enable the workman to operate each sep¬ 
arately, so as to be boring on one while chucking work on the other, or to drive the work from both 
face-plates when necessary to avoid the spring due to the torsion produced by a heavy cut; while 



in wheel-turning both wheels may be operated upon simultaneously. The slide-rest may be oper¬ 
ated by hand or by handles or pendants, which are connected to the screw by a ratchet motion, so 
that by an overhead motion the handles may be actuated vertically and reciprocally, thus making the 
slide-rests self-acting. The pendants are lihed by the overhead motion and fall of their own weight, 
the amount of movement and hence of feed being regulated at will. 

Boring Lathes. —In Fig. 2696 is shown a combined machine of unusual dimensions manufactured 
by Messrs. Bement & Son of Philadelphia, which is adapted for boring cylinders of large dimensions, 
for drilling the bolt-holes in their flanges, and for surfacing the latter. The bed of the machine is 
89 feet long, and it carries at one end a fixed standard which supports the gearing and boring 
bars. The latter is carried in the hollow spindle D, which slides through the spur-wheel Xy and is 
driven through the stepped pulleys T, By means of the geared wheels R and the screw the bradtet 
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cuTTing the whole of the boring motion can be raised or lowered. By a special set of gearing the 
boltholes can be drilled in the cylinder-flanges without removing the work. This is effect^ by 
means of the worm-wheel which is turned by hand through the worm A^ and carries with it the 
frame in which are set the pinion Y gearing with the spur-wheel and the small pinion carrying 
the drill E. The drill thus can be brought to bear at any desired point of the flanges, and by caus¬ 
ing the pinion on the spindle carrying the drill to turn around the spur-wheel it can be adapted 
to cjlinders of different diameters. The form and arrangement of tables K to which the work is 
secured are shown in the perspective views and in the general plan. The standard I carries the 
bracket for holding the boring-t>ar bearing, as shown in the perspective view; a number of these 
bearings and bushes are provided with the machine to. suit different-sized boring-bars. The height 
of these bearings can be adjusted by means of the screw and gearing, as shown. The standard I 
rests upon the central ribs of the frame, and is traversed by a screw. The third standard, shown in 
Fig. 2697, is used for surfacing work, and has a twofold motion imparted to it, transversely by the 
screv M and longitudinally by means of the traversing screw of the machine driven by a pulley. 
The bracket carrying the moving parts can likewise be raised and lowered by a vertical screw, and 
the cutting tool is mounted in the bracket 2), and revolves around the spindle 6^, driven by gearing 
as shown. 

Tht CyUnder-boring Laiht shown in Fig. 2698 has attained a wide reputation for rapidity and 
excellence of performance in boring locomotive cylinders, for which purpose it was specially designed 
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bj William Sellers & Co. of Philadelphia. A A is the bed, carrying the heads B B. Through these 
beads passes the boring-bar C, upon which is the head E for carrying the cutting tools. The cylin¬ 
der is bolted to the stationary table D, and the revolving bar C traverses through the heads B 
which afford it journal-bearing. F is the driving-pulley, the face-plates 0 O being driven through 
the medium of two pinions engaging with the gear-teeth upon the circumference of O f?, and driven 
by a shaft operated by P. Motion from the heads to the bar is communicated through the medium 
of a fixed key or feather operating in a groove. The bar C, in feeding to the cut, passes through 
the bearings afforded it by G G^ and is operated by means of the feed-screw which is revolved 
by the handle at F when operat^ by hand, and by the gear-wheels at F when self-feeding. The 
operation is as follows: The boring-bar is withdrawn to admit of the placing of the cylinder upon 
the table 2), and then replaced in position, passing through the bore of 
the cylinder, and the latter is bolt(Hl to 2> / the revolving head E^ carry¬ 
ing the cutting tools, operates upon the cylinder-bore. To face the ends 
of the cylinder, there are bolted to the face-plates G G two slide-rests /, 
which carry cutting tools. These slide-rests feed the tools to the cut in 
a line wiA the faces of the face-plates G G, and hence produce much 
truer work than is the case when the end faces are operated upon by 
ratters placed in the boring-head E^ because in this latter case the cutter 
is fed to the cut in a line with the boring-bar, and the resistance due to 
the cutting duty is apt to spring the cutter back from its duty in the 
broader parts of the cut or the harder parts of the tnetal; while in case 
of local sponginess of the iron (or honeycombing, as it is commonly 
termed) the tool is (if fast to J?) apt to cut deeper. Hence the employ¬ 
ment of the rests / /is in every way preferable, whether they be operated 
while the boring duty is proceeding or not At a trial of this machine 
X made at the Centennial Exposition, it performed the remarkable feat of 
boring and facing a locomotive cylinder of 17 inches diameter of bore 
ud 24 inches long, and of turning up the faces at each end of the same, 
in 3 hours and 40 minutes, which is about one-third the time usually occu¬ 
pied upon such work. The boring-head is made to suit the size of the 
work, and is held securely to the bar by means of a clip, as shown in 
Figs. 2599 and 2600, the slit A springing slightly open to release the 

from the bar and to facilitate its instant removal. The tightening upon the bar is accomplished 
by simply tightening the nut B. The head contains three fixed cutters, as shown in Fig. 2699, and 
is provided with a key in addition to the clip device referred to. J. R. 

LATI^ WOOD-WORKING. The general arrangement of a wood-turning lathe, which may be 
•hiv® either by the operator or by horse, is shown in Fig. 2601, which represents the Victor wood- 
tonung lathe No. 2, made by Messrs. J. A. Fay & Co. This is designed especially for all varieties of 
wood-turning in cabinet, sash and door, and pattern shops, etc. The end of the spindle rests in a 
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hardened steel screw of large diameter, which receives all the pressure of the tail-stock, and has 
adequate arrangements for oiling and taking up the wear. 

Fig. 2602 represents a wood-turning lathe of which the frame is in a continuous piece, no legs 
being required. This arrangement tends to prevent the vibration to which fast-running machines 
are subject, owing to want of balance either in the working parts of the mechanism or in the work 
itself. The rest is pivoted to the frame so as to be adjustable to suit the form and size of the work, 
and is supported at the outer end by a stay or leg. 

Lathe for Twming Irregtdar Forms .—The lathe for turning irregular forms contains the generic 
idea of all machines for duplicating shapes by using a model in conjunction with a blank, the outline 
of the model guiding the cutting tool to produce a duplicate from the blank. This ingenious device 
may be said to have wrought a complete revolution in that branch of wood-working to which it apper¬ 
tains. Originally applied to turning lasts, it has since been employed to shape the most difficult 
forms, such as gun-stocks and axe-handles. The method of making gun-stocks, and the irregular 
lathe used for the purpose, will be found under Firb-Arms, Manufactcre of. The lathes used for 
aie-handles in the West 31*6 intended merely to rough out the material. The blanks or pieces to be 
turned are placed between points and rotate slowly in contact with stiff circular saws, which cut away 
the wood in a spiral course like a planing block, and leave a true but rough outline for the finished 
handles. From 300 to 500 pieces can be turned in 10 hours on a lathe of this kind, and one boy can 
attend two machines. 

The originator of the lathe for irregular 
forms was Thomas Blanchard of Philadel- 
phia, who patented the device September 
6,1819. If a pattern be placed in a lathe, 
and the material to be turned placed with 
its axis of rotation similar to that of the 
pattern, and if a guide pressing on the 
pattern directs a wheel with cutters to op¬ 
erate on the rough material over a surface 
like the pattern os guided, a perfect rep¬ 
resentation of the pattern will be produced 
on what was the rough material, simply 
by the cutters chipping away all the rough 
material outside of the axis of direction— 
in other words, all the wood on the rough 
material outside of the pattern. This is 
the principle upon which this machine is 
constructed. 

Tig. 2603 represents an improved modem 
form of this lathe, constructed by Messrs. 

Kidiards, London, & Kelley of Philadel¬ 
phia. It will be noticed that the material 
to be operated upon is mounted upon a 
pivoted swing-frame, the cutters moving in 3 
a straight line, and the motion to produce P 
the crooked or elliptic form of the work is 
given to the pieces to be turned, and not 
to the cotters. The carriage on which tho 
cutters are placed is mounted on wheels, 

80 as to be easily run back after finishing 
a piece, and is made very heavy to resist 
any jar from the cutters, which are driven 
at a velocity of 8,000 feet a minute at the 
perimeter. The feed-movement is posi¬ 
tive, by means of the ^rew shown on the 
front, and is regulated by change-pulleys, 

M the irregularity of the work or other 
conditions may render necessary. The 
model or pattern is in the same plane 
with the pieces to be shaped, and in this 
feature there is a considerable gain over 
the older forms of the Blanchard lathe, 
where the patterns employed were not du¬ 
plicates of the article to be produced. 

Universal Laihe. —Fig. 2604, Nos. 1 to 
19, represents an improved universal lathe 
designed by Messrs. Koch & Muller of 
Prussia, It is furnished with two man¬ 
drels, W and W\ the latter revolving in 
the former. As will be seen from the engraving, the cone-pulley 7?, receiving the first motion, 
^ves the external mandrel W, The toothSl wheels Z, Z, Z\ and Z" form the usual lathe-gear¬ 
ing, and both the toothed wheels ZZ drive a shaft to, to the end of which is fixed a toothed 
wheel Z' gearing with the toothed wheel Z" attached to the internal mandrel W. By changing 
the toothed wheels Z' and Z'' in size, any proportion of the number of revolutions of the internal 



Digitized by ^ooQle 










248 


LATHE-CHUCKS. 


mandrel W* and of the external mandrel may be produced. A disk E fixed to the internal mandrel 
may be eccentrically adjusted on it; on this disk moves the face-plate on which the objects to be 
turned are fixed; a driver AT attached to the external mandrel causes this face-plate to rotate. 

The mode of ‘operation in this lathe is easily to be understood. As shown in the engraving, the 
toothed wheel Z” is of half the size of the wheel Z '; therefore the eccentric disk E and the mandrel 
W turn twice—^that is, the object to be shaped is twice approached to the chisel and twice withdrawn 
from it, and yet makes one revolution only with the face-plate by means of the driver. The shape 
of the object to be worked will be that shown in No. 4 or 6, according to the eccentricity of the 
position of the disk E on the shaft W. In changing the wheels Z' and Z” with those of threefold, 
fourfold, or higher velocity ratios, the figures 5, 8, 10, etc., will be produced. If the head of the 
screw N, which connects the disk E with the shaft Wy and prevents at the same time the face-plate 
P from sliding away, has been conveniently shaped, it may be used as a common centre for turning 
shafts in the usual manner. If shafts are to be turned, a second head-stock instead of the puppet 
is to be applied to the lathe; but in this case the head-stock is provided with one mandrel only, ar¬ 
ranged in the manner shown in without the face-plate P. The head V of the external maudrel 
W is purposed to bear a wheel not shown in the drawing, by means of which the self-motion of the 
slide-rest is produced in the usual manner. 

It is claimed for this lathe that in comparison to all other known oval lathes it has the great ad¬ 
vantage that the position of the chisel is always more favorable. For instance, the positions of the 
chisel when cutting an ellipse may be seen from No. 14, the dotted lines showing the position of the 
chisel in the common pattern-lathe, and the continuous lines showing the position of the same in the 
new lathe. Another difference between this and other lathes is that the chisel cuts much more 
slowly at b than at a. In Nos. 12 and 13 a locomotive axle-box and a common journal-box are shown. 
By means of this lathe both the blocks as well as the correspond!^ bashes may be turned on the 
face-plate without any fitting of these parts by hand. If the disk Eot the lathe before Uie head of 
the shaft W is adjusted by means of an endless screw in the same manner as a slide-rest is put in 
motion, the bashes may be finished on the face-plate. 

The shaft W in the second head-stock being prevented from rotating, the figure turned to the 
other side becomes gradually a circle. If in this arrangement the centre of the shaft W' is with¬ 
drawn from the chisel to a distance half the eccentricity of the disk E with reference to, the shaft 
W of the first head-stock, the diameter of the circle to be produced is as long as the longest diame¬ 
ter of the figure turned to this side. The forms produced in this way are particularly useful in the 
manufacture of reamers and screw-taps. In Nos. 16 and 17 cross-sections of reamers are shown as 
made till now, and as they may be made by means of this lathe. In making a reamer—^No. 16—at 
first the cavities a are cut in the round bar shown in dotted lines, and afterward the parts b are 
shaped in the form shown by means of a file by hand. This latter part of the work must be executed 
with the greatest care, and cannot be done but by the most clever workman if the reamer shall sat¬ 
isfy its purpose. One awkward stroke of the file applied to the edge pushes it behind one part of 
the surface and thereby prevents the tool from cutting. In making by means of the lathe the trian¬ 
gular cross-section of the tool (the dotted circle is only made in order to show better the triangular 
form), it is only necessary to cut away the parts a, and the file is entirely dispensed with. The 
operation of milling by means of this lathe may be executed also by increasing the eccentricity of 
the disk Ey and by withdrawing the chisel. If the triangular cross-section of the reamer as shown 
in the drawing becomes by and by a circle, it fits more and more perfectly the hole to be made, and 
after it has passed through it the hole is exactly circular. As to the screw-taps. Nos. 18 and 19, the 
same remark as to the reamer may be made; but the screw-tap made by means of the lathe has the 
advantage that not only the point of the thread 6, but the basis also, is behind the cutting edge t, 
which is not the case in screw-taps made otherwise. 

If the number of teeth of the wheels Z' and Z" are not in the precise projwrtion from 1: 2, 1:8, 
1:4, and the figures to be produced run in screw lines around the shaft, and if the number of revo¬ 
lutions of the shaft W of both the head-stocks is different, the figures of the cross-sections at both 
«ides of the shaft to bo turned are different, and become by and by the same. If the wheels Z and 
Z be different in size, and the wheels Z' and Z” elliptic, other and remarkable figures arc produced. 
Hereby it may be seen that it is very easy to produce many new, useful, and complicated forms, of 
advantage in architecture, cabinet-making, the manufacture of umbrellas, walking-sticks, etc. Ihe 
driver turning on a fixed point, and the face-plate on a pivot, the centre of which moves in a circle, 
the circular velocity of the face-plate is not perfectly uniform, and the figures are symmetrical with 
reference only to a line passing the centre. The irregularity of the figures is only remarkable if the 
eccentricity in comparison with the length of the driver be very great. If the number of revolutions 
of both the mandrels be in the proportions of 1: 2, figui^ are pi^uced which, according to the angle 
formed by the driver and the eccentric pointing straight upward, ore egg-shaped and become gradu¬ 
ally oval, one half being narrower than the other. If, instead of connecting the pivot of the face¬ 
plate w'ith the pivot of the driver by means of a movable crank, the pivot of the driver be made to 
press against a projecting rim of the face-plate, it would slide to and fro on this rim double the ec¬ 
centricity for each revolution of the face-plate. The figures thus produced are like those described 
already. If the said rim is not rectilinear and radial, it is possible, though in narrow limits only, to 
turn any forms. In increasing the number of drivers and rims of the face-plate, the circular velocity 
can be made uniform to any degree, even with short drivers. 

LATHE-CHUCKS are devices for holding work to be operated upon by tools, or for holding tools 
to operate upon work. One of the simplest forms of chuck is shown in Fig. 2605, and is termed a 
chuck-plate or face-plate. The mode of attaching work to this device is shown in Rg. 2606, which 
represents a crank chucked, that is, fastened to the face-plate. B is the crank; a, a, and c are plates 
of iron secured by bolts which attach B to the face-plate. When, as in the figure, the weight of the 
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w«k is greater on one side of the plate than on the other, a counterpoise or balance-weight E is 
employed. 

Angle-Plate. —^The angle-plate is an attachment for the chuck-platc of a lathe. It consists of a 
casting Fig. 2607, having two true flat surfaces at a right angle one to the other, so that when one 
of these surfaces is bolted to the chuck-plate the other shall stand at a right 
angle to the surface of the latter. It is shown chucking a pipe-bend, and it 
is obrious that, the two flanges of the bend being respectively held by the 
bolts and plates at P, the flanges when turned will stand at a true right 
aogie one to the other. To facilitate adjusting the angle-plate to any re¬ 
quired position about the chuck-plate, numerous holes are provided in the 
latter, as shown nX B B. JE* is a balance-weight adjusted to counterbalance 
the weight of the work and of the angle-plate. 

Attachment of Small Ckueke, —To facilitate the attachment of small chucks 
to the lathe-spindle, the threads on the spindle are sometimes cut off on oppo¬ 
site sides for a distance a little over one-quarter of the circumference on each 
2608. The thread on the bore of the chuck must be cut away in a similar manner, so that, by hold¬ 
ing the chuck with its remaining thread opposite to the blank spaces on the spindle, the chuck may 
be pushed nearly home, and less than a quarter turn will bring it home. In cutting the sections of 
thr^ away, however, it is necessary flrst to properly clean the thread of the chuck and of the spin¬ 
dle, ind then screw the chuck fairly home, and divide the radial faces of both spindle and chuck into 
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four equal divisions, marking two diametrically opposite divisions on the chuck and the correspond- 
i^ ones on the spindle, as those to be cut away. This will insure that the threads will be in the 
light position to have good contact when the chuck is home. 

Steadg-Reel for Lathe- Work. —The steady-rest is an appliance wherewith to hold the end of a piece 
of worl^ so that it may be operated upon without the use of the back or dead centre, or to form a 
journal-bearing to a piece so slight as to be liable to deflect from the pressure of the cut. It consists 



of ft frame capable of adjustment along and attachment to the lathe-bed, and containing pieces or 
jaws that can be adjusted to touch the work and afford it a journal-bearing at a part which has been 
prerioualy turned true. 

* In Figs. 2609 and 2610 is shown a steady-rest. The frame A is bolted to the lathe-shears B^ 
wri the bore C bored out true by a boring-bar placed between the lathe-centres, and is recessed as 
shown by the dotted circle, in the same manner as is an ordinary engine eccentric. The part F 
shown in Fig. 2610 is turned on its outer edge so as to fit and revolve freely in the bore C. I’he 
to be supported or steadied is firmly grasped by the jaws i), 2), i), which are set up by the 
iCfews E respectively, so that as it revolves the part F revolves with it. This device obviates 


• By Professor J. E. Sweet, Id the Polytechnic Review. 
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the necessity of clamping the driven end of the work to the face-plate of the lathe to prevent it from 
moving laterally away from the live centre, as it is apt to do unless so clamped in the ordinary steady- 
rest, especially when the cut traverses from the live centre toward the dead one. The top half of 
the frame A is pivoted at H so that the wear of FmB.j be taken up and lost motion prevented. 


2613. 2614. 



The Dog-Chiick or Jaw-Chuck, shown in Fig. 2611, is provided with dogs or j&ws operating radi¬ 
ally and independently in slots, by means of screws passing through the jaws, which are secured in 
the slots by nuts and washers, as shown in Fig. 2612. The defect of this class of chuck is that, if 
from wear or other cause the dog fits loosely to the plate, it cants over when forced to the work. If 


2616. 2817. 2618. 



the face E of the jaw grips the work, the jaw cants as shown; but if the work is gripped at F, the 
jaw will cant in the opposite direction. 

A bell-chuck is shown in Fig. 2613, in which the work is gripped in the bore of the chude by means 
of the 8 screws shown. 

In all these chucks the work has to be set central with the chuck by manipulating the screws indi- 
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ridaallj. To avoid this difficulty, various constructions have been resorted to. Thus, in Fig. 2614 is 
shown a ^ring-cut chuck of wood, which is closed centrally upon cylindrical work by driving the 
ring over the chuck. 

Another of this class of chucks is that shown in Fig. 2616, which represents a scroll chuck. Ay By 
(’are three pieces which together form the main body of the chuck. Inclosed between A and B is 
the ring i), which can revolve independently. In the face of the chuck are three radial grooves, each 
of whi^ has two feathers projecting from its sides into the body of the groove. Sliding freely along 
these grooves and feathers are three jaws. On the radial face of the ring D a spiral of about 8^ 
revolutions is cut, corresponding to a square thread. Counterparts of the spiral are provided on the 
internal edge of each of the jaws, which when in position are in contact with the face of the ring 
h: 80 that by revolving this ring while the body of the chuck is at rest, the three jaws are made 
rimnltaneously to advance or recede from the centre of the chuck with an equal velocity. To revolve 
this ring, the holes shown bX HU are provided, a cylindrical-ended lever fitting therein* while to hold 
the body of the chuck stationary the holes I are provided. 

Another form of sdf-centering chuck is shown in Fig. 2616. The scroll (7, which is in fact a 
helix or coil, is in one piece with By which attaches to the mandrel; and as the threads of this scroll 
gear with the notches in the three dies, the latter will of course advance to the centre, or recede from 
it, when the scroll is made to revolve. The part E screws on as an outer cap upon the base-plate. 
When such chucks are employed to hold heavy work, the strain upon them is great, and it is neces¬ 
sary that the parts be substantial and have ample wearing surface provided, and that the cuttings 
lod grit be excluded from the working parts. 

The continued truth of the chuck is largely dependent upon keeping the wear as small as possible, 
and thus preventing lost motion in the working parts. The wear due those parts, if kept properly 



lubricated and free from the fine lathe-cuttings, is very small indeed compared to that which takes 
place if not kept free from the cuttings. In the construction of the Horton lathe-chucky shown in 
detail in Figs. 2617 to 2621, the above considerations arc provided for in the following manner: The 
jaws are operated to and from the centre by means of screws attached to each jaw, the motion of 
any one screw (and consequently jaw) being communicated uniformly to the others by means of a 
pinion operating in a circular wrought-iron rack, which is much more durable than if made of cast 
iron. The chuck is constructed in two parts, one (the back) of which contains the circular rack, and 
the other (the front halO the jaws and the screws with their accompanying pinions. To provide 
a^nst the entrance of dirt or cuttings to the rack and 
pinions, there is inside, as well as outside, a raised 
flange or ring, so that when the two halves of the chuck 
are fitted t<^^er, the entrance of those substances is 
pnctically prevent^. 

FroeCt Varietg 8df-Centering Chuck is represented 
in Figs. 2622 and 2623. It consists of an outer casing 
or roller, which receives the screw B. Said screw has 
a square recess in its head, and is turned by an ordi¬ 
nary key. The lower end of the screw bears on the 
jaw C. The under face of this jaw is V-shaped. In 
each of its sides is a recess to accommodate the bent 
springs, which are attached to the jaws D and E. 

^ese jaws bear fiat against the case, and by their 
inclined sides bear also against the V of jaw C. They 
^ provided with projections at F. From Fig. 2623 
it will be evident that if the jaw C is pressed down, 
its inclined faces, acting on the upper Inclined sides 
of jaws I) and Ey will force these jaws together, and, 
t« contact becomes closer, the projections F on the lat¬ 
ter will interlock. The square-shanked tool will then 
be held on two sides of the V of the jaw (7, and on the other sides by the proximate parts of jaws 
p and Ey and the tool will be the more tightly held ns the screw B is turned down. When the screw 
b relaxed and the tool removed, the springs on jaws D and E will expand, and the jaws will thus 
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be carried back to their former places. If a tapered tool be inserted, the moTing jaws 2) and .^will 
assume an angular position, bolding the shank tightly as before. 

VintoiCs Chuck is represented in Figs. 2624 and 2626. The collar A which encircles the spindle 


has formed on its outer face a bevel-gear wheel B. C is the rear portion of the shell of the ebude, 
inclosing the forward part of the collar A, Also on the collar A are a washer 2>, which rests against 
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the shell C, &nd a nut which trarels on a thread formed on the collar. As it is necessary to turn 
the entire shell in order to move the jaws, the use of the nut just described is to jam the part C and 
the enlarged portion of the collar A tightly together, and so rigidly hold the jaws in any position in 
which they may be adjusted. Fig. 2624 represents the outer face of the chuck with the jaws and 
their working mechanism. Within the chuck, each jaw has attached to it a screw E, This enters a 
beveUwhcel F. As the jaws are incapable of any but radial motion, it follows that, when the chuck 
is rotated bodily and the bevel-wheels engage on the motionless gear-wheel By the effect of the rota¬ 
tion of said bevel-wheels is to cause the jaws to travel toward or from the centre of the chuck-face; 
and H will be further clear that this motion must be simultaneous in all the jaws. As the outer por¬ 
tion of the chuck is rigidly secured to the shell C by screws, of course when that shell is jammed, as 
already stated, by the nut Ey it becomes impossible to turn the chuck bodily; and hence the bevel- 
wheels cannot be rotated around the main gear-wheel, and consequently the position of the jaws can¬ 
not be altered. Devices are also provided by which any jaw may be accurately adjusted from the 
outside, so as to secure a firm grasp upon the tool. 

BalUTuming Chuck .—In the ordinary practice of lathe-turning, it sometimes becomes necessary 
to improvise a chuck for work of such a nature that none of the standard forms of chuck will hold. 
As an example of this kind, we have the ball-turning chuck shown in Fig. 2626. It consists of a 
block of soft metal, such as a mixture of lead and tin, in which is tum^ a cavity to receive the 
ball. A is the chuck, B the ball, and C the cutting tool. This chuck drives the work by friction. 

The Eeeenirie Chuck is employed mainly for ornamental turning work. * By its use the turner is 
enabled to bring other centres than that upon which the object was turned into the axial line, as, for 
histanoe, the centre of a crank-pin, or that of the seconds-dial upon the face of a watch. Figs. 2627 
to 2644 are all specimens of what an eccentric chuck alone, with a fixed cutter in the slide-rest, is 
ealcubted to effect. Fig. 2627 may represent a watch-face with seconds dial. Fig. 2628 often goes 
bj the name of a Turkish cap. The circumferences of the smaller circles all pass through the cen¬ 
tre of the main circle, their diameters being exactly half the diameter of the latter. If this were 
intended for real ornamentation, a large number of circles would be thus cut, instead of the six here 
shown. In i^. 2629 the diameters of the smaller circles are more than half that of the larger, so 
that they extend beyond the centre of the latter. The centres of the small circles are points, it will 
be noted, upon the circumference of a circle described round the main centre, and concentric with it, 
as is the case with Figs. 2628 and 2680, the latter being like Fig. 2629, but with a greater number 
of circles. In Figs. 2681 and 2682 the centres of the secondary circles are upon the circumference 
of the main drcle, and they are also of equal radius with it, but here only half of each secondary 
circle appears, fig. 2689 is a circle of which A is the centre, and the line B E C JD is called its 
drcomference or boundary line. D E and B C tire diameters (the word signifies cross measure, or 
measure across), and all lines passing through the centre of any circle, and meeting the circumference 
on ^posite sides of it, are all alike diameters. Half a diameter, as A ^ or (7 A in fig. 2640, is a 
radius. The word radius, of which radii is the plural, signifies a spoke of a wheel. It is evident 
that as each radios begins at the centre and is bounded at the opposite end by the circumference, all 
the radii in any circle are equal, as are all the diameters. 

Fig. 2645 is a front view, Fig. 2646 a side view, fig. 2647 a top view, and Fig. 2648 a part section, 
showing the channel for an eccentric chuck. The part M to receive the mandrel, and the base-plate 
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A A, are in one casting. The slide is drawn to and fro by means of the screw, similar to a slide- 
rest This screw contains 10 threads to the inch, and has a divided head and pointer to indicate the 
amount of its revolution. Upon the face of the slide is a click-wheel in one piece with the nose P, 
which is the exact counterpart of that on the mandrel, and carries the same chucks. It revolves 


♦ From “ Turning for Amateurs.'' 
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upon a stout conical centre-pin firmly attached to the centre of the sliding plate, and is secured bj 
a screw. E is a ratchet kept against the click-wheel by the spring 2>. The front of the dividing- 
wheel is commonly divided into 96 parts, of which each sixth division is numbered, and also into a 
second circle of 100 divisions. In point of fact, as the screws are all made with 10 threads to the 
inch, and both slide-rest and eccentric chuck are thrown out one-tenth at each turn of these screws, 
it would seem more desirable to arrange the division of the click-wheel, and also at least one circle 
upon the face-platc of the mandrel, so that it could be divided decimally. This is indeed sometimes 
done with a tangent screw and worm-wheel. The head of the screw being divided into tenths and half¬ 
tenths, and the screw being of 10 pitch, one turn of the screw will move the slide one-tenth, five turns 
five-tenths, and so on; and one division (of the tenths) will represent one-hundredth as the amount 

of the movement of the slide. For practical pur¬ 
poses, this movement of the slide is called its ec¬ 
centricity,’* and would be thus written in describing 
the above degrees: “ eccentricity -|V» or or 
On the other hand, radius ” signifies the number of 
divisions of the slide-rest screw by which the tool is 
thrown out of centre (in the centre of the lathe-man¬ 
drel). These terms are of constant use in describing 
any particular patterns made by this chuck. Com¬ 
paratively numerous as such patterns are, th^ are 
comprised within certain easily-defined limits. 

Chucking in Cemeni. —The arrangement of a metal 
disk in the lathe, so that it can be turned on its face 
and upon its edge, cannot well be accomplished by 
means of chucks; for this purpose recourse is fre¬ 
quently had to cement. To chuck work with cement, 
apply a small portion of it to a face-plate devoted 
especially to this purpose; heat the plate so that the 
cement will cover the greater portion of its surface. 
The plate may be allowed to cool. Whenever it is 
desirable to chuck a metallic disk, it is heated and 
placed against the cement on the face-plate, and al¬ 
lowed to remain until the cement begins to stiffen, when a tool having a right-angled notch is applied 
to the edge of the disk, as shown in Fig. 2649, the lathe being rotat^ until, by the compound action 
of the tool-pressure and the rotary motion, the disk becomes perfectly true. To remove the work 
from a cement chuck, it must be warmed by means of a lamp or otherwise. Most of the cement 
adhering to the work may be wiped off after heating it; whatever remains may be removed with a 
little turpentine. 

The Cone-Plate. —For chucking shafts and other similar work in the lathe (to bore holes in the 
ends of the shafts, etc.), the conc-plate shown in Figs. 2650 and 2651 is employed. ^ b a stand¬ 
ard, fitting in the shears of the lathe at JS*, and holding the circular plate C by means of the bolt 
which should be made to just clamp the plate tightly when the nut is screwed tight. The plate con¬ 
tains a series of conical holes, 1, 2, 

8, etc. (shown in section at 7), Fig. 

2661). The object of coning the 
pin where it carries the plate 
C, is that the latter shall be made 
to a good working fit and have no 
play. The operation is to place 
the shaft in the lathe, one end be¬ 
ing provided with a driver, dog, or 
carrier, and placed on the running 
or line centre of the lathe; and the 
other end, to be operated upon, be¬ 
ing placed in such one of the con¬ 
ical holes of the plate (7 as is of 
suitable size, the distance of the 
standard A from the lathe-centre 
is to be adjusted so that the work 
will revolve in the coned hole with 
about as much friction as it would 
have were it placed between both 
the lathe-centres. Thus the con¬ 
ical hole will take the place of the dead centre of the lathe, leaving the end of the shaft free to be 
operated on. F F Bxe holes to bolt the standard A to the lathe shears or bed ; and f?, etc., are 
taper holes to receive the pin G shown in Fig. 2651. The object of these holes and pin is to adjust 
the conical holes so that they will stand dead true with the lathe-centres; for if they stood other¬ 
wise, the holes would not be bored straight in the work. In Fig. 2660, hole No. 7 is shown in posi¬ 
tion to operate, the pin G locking the plate C in that position. In setting the work, the nut on the 
pin B should be eased back just sufficiently to allow the plate C to revolve by hand; the work should 
then be put into position, and the pin G put into place ; the standard A should then be adjusted to 
its distance from the live lathe-centre, and bolted to the lathe-bed; and finally, the nut on the pin B 
should be screwed up tight, when the work will be held true, and the cone-plate prevented from 
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springing. Care must be taken to supply the conical holes in which the work revolves with a lib- 
eral quantity of oil; otherwise they will be apt to abrade. 

Mandrels ,—These are cylindrical pieces of soft or hardened steel, used to hold work by being 
driven into a hole or bore. They are turned very true and carefully centred and centre-drilled 
when used for lathe-work. After the hardening process, during which they are subject to warping, 
they are ground by an emery-wheel to true them up. They should be left a trifle larger than the 
required tinisbed size, to allow for the reduction in diameter due to the grinding process. The 
method of grinding is as follows: The mandrel is revolved between the lathe-centres in the usual 

S65'2. 
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way; then there is held upon tlie lathe-carriage an emery-wheel revolved by independent overhead 
gear in an opposite direction from that in which the lathe runs. A cut is put on in the usual way 
by the cross-f^ screw of the lathe, and carried along by the usual feed-motion. 

To avoid the necessity of having a mandrel for every size of hole, what are termed expanding 
mandrels are sometimes employed. Such a mandrel is shown in Figs. 2652 and 2668. a is the stock 
or body of the mandrel; 6 is a cone solid thereon, and containing four dovetailed taper slots, in 
which are fitted with a sliding fit four pieces of metal, d. « is a washer, and / a nut. As the nut is 
screwed up, the pieces d arc forced up the inclined grooves, expanding to suit the diameter of the 
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hole, and jamming against the bore of the work, holding it by the friction due to the pressure. Ex¬ 
panding mandrels are rarely used for fine lathe-work, because of their liability to get out of true. 

Another form of this tool, termed a cone-mandrel, is shown in Fig. 2654, which is a bar or spindle 
a, having on it, either solid or a tight fit, and abutting against a collar as shown, the cone h, c is 
mother cone, an easy sliding fit on the spindle, which may be screwed along the latter by the nut B, 
b tightening it is screwed from the end 2> toward the cone b. F represents a piece of tube shown 
in section, a^ being held by the pressure placed upon it by the two cones in consequence of B being 
•crewed up. It is obvious that ^s tool will hold any work having a bore within the limits of the 
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diameter of the cones at their two ends. If the tube held, however, is of soft metal or very thin, 
the pressure of the cones is apt to expand the bore at the extreme ends. 

Nagles EjjM-nding Mandrd^ Jigs. 2656 and 2666, is either threaded to receive a nut for fadng 
up, or left plain to receive a pulley-coupling, or anything that may require turning. Fig. 2665 is a 
perspective view of the mandrel, with a nut on ready for facing, and Fig. 265$ is a longitudinal sec¬ 
tion. The arbor B is bored through from end to end, the hole for nearly the whole of its length 
being slightly tapering, as seen plai^y in the section. From the open end of the taper the mandrel 
is sawed lengthwise into three equal parts, the slots extending nearly the whole len^h. A plug A 
fits the hole in the manarei, but its straight part is turned up farther than the taper in the man¬ 
drel extends, so as to permit it to be driven in, thus expanding it slightly and holding very firmly 
whatever may be on it. A slight tap on the other end of the plug releases it, and a small nut C 
prevents the plug from falling out. J. B. 

LATHE-DOG. In Fig. 2657 is shown an ordinary lathe-dog ^or carrier. It is fastened upon the 
end of cylindrical work to drive the same. When us^ upon finished work, a piece of copper should 

be placed between the end of the screw and the work to pre¬ 
vent damage to the latter. In cases where very heavy cuts 
are to be taken, two of these carriers may be usl^. In such 
case they should first be screwed up, not too tightly, and after 
starting the lathe and putting on a cut to bring them both to 
a bearing against the driving-pin, the lathe may be stopped 
and both the carriers screwed up tightly. For driving square 
shafts in the lathe, the clamp shown in Fig. 2658 is employed. 
The jaws should be screwed down even so as to bear evenly 
on the work, and not to bend the jaws of the clamp. 

For heavy work and for turning long shafts, Clement's 
driver. Fig. 2669, has been widely adopted. It differs from one form of the ordinary drivers in hav¬ 
ing two driving-pins instead of one, and in having them fixed in an outer plate instead of in that 
which is attached to the mandrel. This outer plate is capable of sliding laterally for a short dis¬ 
tance, thus accommodating itself to any inequality in the width of the opposite ends of the carrier; 
by which means each of the pins is made to transmit an equal share of the driving power on each 
side of the carrier, which prevents the pressure from springing the work out of straight 
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When the screw-head of a lathe-dog is provided with a hole whereby to tighten it, a suitable lever 
is required. Such a tool is shown in Fig. 2660, the ends A and B being slightly tapered, and t^ 
bend at C being to facilitate the movement of the lever in confined places, where only a quarter turn 
or less can be given the screw-head at one movement, and the hole may come into such a position that 
the straight end B cannot be used. J. R. 

LATHE-TOOL HOLDERS. Devices for holding tools in the lathe. In Jig. 2661 are shown an 
important scries of appliances designed by Messrs. New & Mathews, and adapted for holding securely, 
in a rectangular tapei^ slot, a right-hand or left-hand cutting tool at suitable and fixed cutting 
angles. The tools are fastened firmly by a serrated wedge and clamps, held down by a swrivel- 
bolt and nut. The devices also serve for holding, in suitable tapered slots, a straight tool and 
a cross tool cutting on either side at right angles. These tools are secured by clamps held down 
by swivel-bolt and nut. It has been proposed to use in these tool-holders special sections of steel 
which can be formed into uniform angular or round-nosed tools for right- or left-hand cutting. 
From the same uniform bar of steel tools can be out in suitable lengths, and then, without being 
forged, ground to a proper cutting angle foi the several purposes required. Further, the novel shape 
of these special sections, when placed in the new holder, gives a positive and fixed angle for cutting. 
No. 1 is a side elevation of tool-holder in section (on line G No. 4). A is a rectangular tapered 
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slot; J? is a tapered slot at right angles to the lengthway of the holder; O' is a tapered slot parallel 
with the lengthway of the holder. No. 2 is an elevation of the tool-holder. No. 3 is an elevation in 
section (on line E Fy 1), showing the tapered slot C. No. 4 is a plan of tool-holder, showing the 
rectangular tapered slot 


J,and tapered slots By 
By and C. No. 5 is a 
front elevation of ser¬ 
rated wedge, and No. 6 
is a side elevation of it. 
Na 9 is a front eleva¬ 
tion of swivel-bolt and 
nut, and No. 10 is a side 
elevation of the same. 
Nos. 11, 12, and 13 are 
the special sections of 
steel particularly adapt¬ 
ed for the fool-holder, 
to be held in the rect¬ 
angular tapered slot Ay 
1. No. 14 is a side ele¬ 
vation of the right-hand 
tool for cutting out cor¬ 
ners, and No. 18 is a 
front elevation of it. 
No. 19 is a plan of 



right-hand round-nosed 
tool, and No. 22 a front 
de^on of it. No. 23 
is a side elevation of a 
cross tool, and No. 24 a 
plan of it. The tapered 
slots B and C, in No. 
1, are adapted for hold¬ 
ing cutters severed from 
a bar of steel of uni¬ 
form section, but thick¬ 
er upon one edge than 
the other, as shown in 
section in 25. Nos. 11, 
12, 13, and 25 are full 
size, as shown; the oth¬ 
ers are half size. 

LaBit-Tool Heifjhi-afU 
In Fig. 

2642 is shown Profes¬ 
sor J. E, Sweet’s device 
for adjusting the height 
of lathe-tools to the 
work. A is the clamp- 
screw ; By section of 
tool-post; Cy tool; i), 
bolster of steel, blue 
temper, with roughened 
lower edge or face, fit¬ 
ting Xo Ey tL spherical 
wisher, which rests on 
Fy the upper slide of 
•lide-rest. The point C" 
of tool Eoay vary, as de- 
•ired, nearly an inch in 
height. In this device 
tlie cuttings are not apt 
to lodge on the piece 
aa is liable to oc¬ 
cur when the washer 
E E IB made the con¬ 
cave and D the convex 
piece. 

Lathe^Tool 



is represented in Figs. 2663 to 2666. Fig. 2668 is a longitudinal section, Fig. 2664 a hori¬ 
zontal section. Fig. 2665 a front elevation, and Fig. 2666 a vertical section. It consists of two 
loxin parts, A and By fitted together and fastened by screws a, so as to present a cylindrical 
*»ad, in the interior of which is placed the movable nut-shaped piece C, which holds the cutter 
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D; this “nut/* fitted exactly to the receptacle formed to hold it, in the interior of the parts 
A and is of a spherical shape in the middle, with a conical part above and below, terminating in 
a cylindrical tenon forming two pivots, on which it can make a rotary movement of half a circle. 
The circumference of this sphere is cut with a thread r, gearing into a worm 6 , the journals of which 
are made square at the ends to receive a handle by the aid of which it can be turned. In order 
to hold the tool firmly, this nut C is pierced by a slightly angular opening (shown in Fig. 2666) coi^ 
responding to the s€<^ion D of the cutter, which fits in very accurately, leaving room however for 
the insertion of the wedge-shaped piece 0 , which is screwed down tightly by the screw K This 
short description will give some idea of the valuable service a tool can offer which, like this, can act 
at will perpendicularly or parallel to the axis of the lathe, or in any of the intermediate oblique posi¬ 
tions ; further, by means of its simple form and mobility, it can 1 ^ employed in working on certain 



interiors, ordinarily requiring a tool foi^d to a special shape. The cutting tool being placed in the 
tool-holder, and ^ed in the best position to suit the work, it is indispensable that it should be 
absolutely fixed in that position; a brake is therefore applied to the axis of the worm 6 , in sndi a 
manner as to insure the rigidity of the nut C in any desired position; this brake consists of a wedge 
/*, acted upon by means of the screw 6 ^, so as to press it, by Uie interposition of the plate a (Fig. 
2668), on the two half journals A, embracing the axis of the screw half its circumference. Only part 
of the means employed for fixing these two parts together is indicated by the screw a, whidi holds 
together the two jaws A and joined very accurately one upon the other, one of which contains 
two tenons which go into the grooves t made in the other, and which are shown in Figs. 2663 and 
2664. This screw alone would not sufBce; so the two parts of the head of the tool-holder are fixed 
together, above and below the nut, by means of two rings 7 , fitted in like hoops. J. R. 

LATHE-TOOLS, BORING AND DRILLING. Boring Tools. —^For boring in the lathe, the tools 
shown in fig. 2667 are employed. Those shown at A and B^ having their cutting edges at C and 2), 
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are therefore right- and left-hand tools. When, however, the hole is too small to a dmi t of those 
tools being used, that shown at E may be employed, its cutting edge being on its end, at E, The 
temper of all these tools should be drawn to a light-brown color. Scraping tools of this kind may 
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be made of any curre or sweep, or hare a cutting edge made of any necessary shape to form a mould 
ing or irregular form; but the width of the cutting ^ge must not exceed almut an inch. 

The pressure on the cutting edge of a tool acts in two directions, the one yertical, the other lateral. 
The downward pressure remains at all times the same; the lateral pressure yaries according to the 
direction of the plane of the cutting edge of the tool to the line or direction in which the tool trayels, 
the general direction of the pressure being at a right angle to the general direction of the plane of 
the cutting edge. For example, the lateral pressure, and hence the spring, of the yarious tools shown 
in Fig. 2668, be in each case in the direction denoted by the dotted lines. D is a section of a 
piece of metal requiring the three inside collars to be out out; B, and C are yariously shaped 
boring tools, from which it will be seen that A would leaye the cut in proportion as it suffered from 
spring, which would increase as the tool-edgp became dull, and that the cut forms a wedge, tending 
to force the tool toward the centre of the work. would neither spring into nor away from the cut, 
but would simply require more power to feed it as the edge became dulled; while C would haye a 
tendency to run into the cut in proportion as it springs, and as the tool-edge became dull, it would 
force the tool-^Kunt deeper and deeper into the cut until something gaye way. Now, in addition to 
this consideradon of spring, we haye the reladye keenness of the tools, it being obyious at a glance 
that (independent of any top rake or lip) C is the keenest and A the least keen tool; and since wrought 
iron requires the keenest, cast iron a medium, and brass the least keen tool, it follows that we may 
accept, as a rule, C for wrought iron, B for cast iron, and A for brass work. To this rule there are, 
howeyer, yariations to be made to suit exceptional cases, such for instance as when a hole terminates 
io solid metal and has a flat bottom, in which case the tool B (slightly modifled toward the form of 
tool (7) must be employed. Or suppose a hole in cast iron to be, as is often the cose, yery hard at 
and near the surface of the metaL Tool A would commence cutting the hard surface, and, becoming 
dull, would spring away from the cut in spite of all that could be done to preyent it; while tool B 
would commence cutting both the hard and the soft metal together, the cutting edge wearing rapidly 
away where it came into contact with the hard surface of the metal; and these conditions would in 
both cases continue during the whole operation of boring, rendering it difficult and tardy. But if the 
tool C were employed, the point of the tool would commence cutting the soft part of the metal first, 
and would undermine the hard surface, and (from the pressure) break it instead of cutting it away, 
as shown in Fig. 2669, in which A represents a piece of metal to be bored, the bore being hard to 
the depth of the dotted lines B. C is the tool shown as it would begin to cut, and also as it would 
work while in full operation. After the hard surface is remoyed, tool B^ in Fig. 2668, may be 
employed to finish the boring, the point being ground a little more rounded. The objection to tool C 
for employment upon cast iron and brass is mat, in consequence of its excessiye keenness, it is liable 
to jar or chatter. Tool B may be giyen top rake and employed to cut out a square comer, or it may, 
if not ground too keen, be usM upon brass; but it is liable in such case to jar or chatter, unless the 
top face is ground away. Here, then, we come to the consideration of top rake, that is, the shape of 
the top face of the tool. This in a boring tool lessens the strain due to seyering the metal; by 
presenting a keener cutting edge, it lessens the tendency to lateral spring, and increases that to yerti- 
^ ^ beneficial in all cases in which it can be employ^. Upon wrought iron and steel 

it is indispensable; upon cast iron it may be employed to a limited degree; and upon brass it is 
inadmissible by reason of its causing the tool either to jar or chatter. In figs. 2670 and 2671, B 
represents a section of the work; Fig. 2670 represents a boring tool with top r^e, for wrought iron, 
^ Fig. 2671 a tool without top rake, for brass work, which may be also used for cast iron when 
the tod stands a long way out from the tool-post or clamp, under which drcumstances it is liable to 
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jtf or chatter. A tool for use on wrought iron should haye the same amount of top rake, no matter 
how far it stands out from the tool-post; whereas one for use on cast iron or brass requires to be 
the less keen the farther it stands out from the tool-post. To take a yery smooth cut on brass work, 
the top face of the tool shown in fig. 2671 must be ground off, as denot^ by the dotted line. 

ihoLLiso Tools. —^To enlarge holes and true them out, the flat drill shown in fig. 2672 is employed. 
It is an ordinary drill made out of flat steel, haying pieces of hard wood fastened to the cutting end, 
A being the steel, and B B the pieces of wood, held on by screws. When the drill has entered the 
hde far enough to make it of the diameter of the drill, the pieces of wood enter and fit the hole, 
steadying the drill and tending to keep it true. It is necessary, howeyer, to true out the hole at the 
outer end before inserting the drill; for if the drill enters out of true it will get worse as the work 
proceeds. The drill is M to its duty by the back lathe-centre, placed in the centre upon which the 
drill has been turned up. The pieces of wood should be affixed before the drill is turned up, and so 
trued up with the drill, which should then be lightly draw-filed on the sides; and the cutting end, 
haring the necessary rake filed upon it, should be tempered to a straw color, the pieces of wood being, 
of course, temporarily remoyed. For use on conical holes the sides must be made of the requisite 
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shape, and the cutting speed in that case reduced (in consequence of the broad cutting surface) to about 
10 ft. per minute. (This speed will also serve in boring conical holes with a half-round bit.) Such 
a drill is an excellent tool for ordinary work, such as pulleys, etc., because it will perform its duty 
very rapidly and maintam its standard size, and it requires but little skill in handling. It is more 
applicable, however, to cast iron than to any other metal. After the outer end of the bole has been 
turned true, and of the required size to receive the drill, and when the latter is inserted for operation, 
it is an excellent plan to fasten a piece of metal, such as a lathe-tool, into the tool-post, and adjust 
the rest so that the end of the tool has light contact with the drill, so as to steady it. The lathe 
should be started and the tool-end wound in until, the drill being true, the tool-end just touches it, 
as in Fig. 2673. 

The half-round Fig. 2674, is used to drill or bore holes of moderate size requiring to be very 
true and deep. The cutting edge A is made by backing off the end, as denoted by the space between 
the lower end of the tool and the dotted line and performing its duty along the radius, as denoted 
by the dotted line in the end and top views. It is made as follows: Forge it as near to the required 
size as possible, and from square steel if it is obtainable, leaving stuff suflBcient to true it up. In 
order to turn the cutting end between the lathe-centres, so as to have the centre at the shai^ end 
quite true with the tum^ part, it must be forged at the end to more than half the diameter, so as to 
leave sufficient metal to receive the centre-hole and countersink whereon to turn it. The shank end 
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should be forged square, and should, when centre-drilled, have a deep countersink. The cutting end 
must be turned true and smooth, being quite parallel, if to be used for parallel holes, and of the desired 
taper for taper holes. For parallel holes all the cutting is performed by the end face A ; but in ' 
taper holes, the side edges C of the top face also perform cutting duty, and hence the necessity of 
having the turned end of an exact thickness of half a diameter. After turning, and before removing 
it from the lathe, a tool having a point should be fastened in the slide-rest, its point being made to 
bear lightly against the turned face, close to one of the edges C; and the rest should then be passed 
along so that the point will describe a line true with the centre upon which the tool has been turned, 
which line will form a guide for filing the top face down to make the tool of the required thickness 
of one half of its diameter. The edge A should be perfectly square with the side edges- C C. The 
circumference of the turned part sliould have the turning marks effaced with a very smooth file, by 
draw-filing the work lengthwise, care being taken to remove an even quantity all over. The rake of 
the tool, as denoted at the dott^ line J?, should not be greater in proportion than is there shown. 
This tool should be tempered to a straw color and employed at a cutting speed of about 15 ft. per 
minute, and fed at a coarse feed by hand. For use on parallel holes no part should be ground save 
the end face; whereas in the case of taper ones, the top face may be ground, taking as little off as 
will answer the purpose. 

The driU-holaer^ Fig. 2675, is fastened in the tool-post of a lathe to guide a drill, the drill passing 
through the slot A. J. R. 

LATHE-TOOLS, HAND-TURNING. I. For Wood. —The Oouge .—For roughing out work, the 
turning gouge, shown in Fig. 2676, is used. In grinding this gouge, it is necessary to lower the back 
hand when grinding at and toward the outside comers, so that the cutting edges may be formed, by 
the junction of two faces, at as acute an angle as those forming the cutting ed{^ in the centre of the 
width of the tool. It is always the custom to reduce the work in the lathe to nearly the required form 
by this tool, the finishing tools being (with one exception) simply scraping tools, and not, properly 
speaking, cutting tools; hence it is evidently unadvisable to leave much for them to take off. The 
manner of holding the gouge is shown in Fig. 2677. One hand grasps the handle near the end, while 
the other grasps the gouge near the cutting point, that is to say, as near as the hand-rest will permit. 
It is sometimes, however, necessary to slightly vary the manner of holding by passing the forefinger 
of one hand around the hand-rest while the gouge is confined between the thumb and forefinger, thus 
gripping the gouge-end to the rest. This is advisable when turning a piece of work that is not com¬ 
pletely round, as, for instance, tipping off the teeth of a geai^wheel, in which case gripping the gouge 
to the hand-rest will steady it and prevent it from digging into the work. The gouge is shown m 
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Rg. 2677 to be catting from right to left; it will, however, cut equally well if used from left to right, 
in which case the position of the hands must be reversed, the left hand gripping the gouge near the 
catting edge. In either case, however, the gouge is not held level, but is tilted to one side, the lower 
tide teing the cutting one; otherwise the tool would rip into the work. 

In Fig. 2678, the section A shows the tilt of the tool when cutting from left to right, and B from 
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right to left. The reasons for this 
are as follows: The face of the 
gouge, on its hollow side and near 
the cutting edge, receives the strain 
which is necessary to curl the shav¬ 
ing, that is to say, which is necessary 
to force it out of the straight line. 
But if we were to place the gouge in 
the position shown at C, the whole 
of this strain would be placed upon 
the gouge, tending to force it for¬ 
ward and into the cut, as denoted by 
the direction of the arrow; and as 
a consequence, the gouge would run 
forward and dig into the work, in spite of all endeavors to prevent it. When, 
however, the gouge is held in the positions relative to its line of travel to its cut 
shown at A and B, there is but little tendency for it to run forward, and it can 
be fed easily to its cut. In addition to its use as a roughing tool, the gouge 
makes a very efficient finishing tool for hollows, though it is not often employ^ 
is sach by pattern-makers. In this case, however, great care must be taken in controlling its posi- 
tioB to the work, as shown in Fig. 2678. 

Cfdtdt and FinUhing Tooli ,—^For finishing plain work, we have the tool shown in Fig. 2679, which 
is the exception noted previously as being at the same time a finishing and a cutting tool. It is called 
t akew-diisel, because its cutting edge is ground at an angle or askew to the centre line of its length. 
Fuithermore, it is beveled at the cutting end on both sides (as shown in the edge view), being ground 
very keen. It is employed for finishing straight or parallel surfaces, and for dressing down the ends 
or the sides of a collar or shoulder. When used for finishing straight or parallel surfaces, it per¬ 
forms its catting in the centre of the length of its cutting edge only, as shown at ^ in Fig. 2680, 
sad is held in the position relative to the work shown in Fig. 2679. \^en nicely sharpened it leaves 
t polish, unlike other finishing tools. But with these advantages, it has the drawback of a propen- 
■itj to tear into the work, which can be overcome only by learning from practice how to handle the 
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tool with dexterity. It must be held almost flat; and yet, if it should get quite flat, the cutting edge 
*wild act along its whole length, and the pressure of the cut would be sufficient to force the tool- 
odp dei^r into the work than is intended. The face of the chisel nearest to the face of the work 
operated upon stands almost parallel, with just sufficient tilt of the tool to let the cutting 
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edge meet the work in advance of the inside face of the tool; or in other words, the amoimt of the 
tilt should be about that of the intended depth of the cut, so that, when the cutting edge of the tool 
has entered the wood to the requisite depth, the flat face will bear against the work and form a 
guide to the cutting edge. The comer of the chisel which is net cutting must be kept clear of the 
work. Fig. 2680 will convej the idea, the arrows showing the direction in which the chisel is, in 
each case, supposed to be traveling. The short lines A and J?, under the arrows, and those touch¬ 
ing the collar at C and i>, show the tilt or incline of the chisel to the work. In turning the dreum- 
ference, the obtuse comer of the chisel is the cutting one, while in turning down a side face it is the 
acute angle. Most pattern-makers, however, do not often use the skew-chisel for finishing straight 
cjlindric^ work, bemuse it is liable to make the surface of the work more or less wavy. It is, 
however, almost always used for cutting off and for cutting down shoulders, for which purpose it is 
highly advantageous. For dreumferential work on cylindrical surfaces, an ordinary chisel is mostly 
employed, the position in which it is held to the work causing it to scrape rather than cut. A worn- 
out paring chisel is as good as any, but in any event it should be a short one. Such a chisel is 
shown in Fig. 2681, the position in which it is held being illustrated by A, which represents a sec¬ 
tion of a piece of cylindrical work; B representing the chisel, and C the hand-rest. Some pattern¬ 
makers prefer to increase the keenness of this tool by holding it so that the plane of its length 
lies in the direction denoted by the dotted line D ; this, however, renders it more likely to rip into 
the work, and the position shown is all that is necessary, provided the cutting edge be kept properly 
sharpened. This chisel is also used on side faces. 

Still another tool, sometimes used for finishing plain cylindrical surfaces and side faces, is that 
shown in Fig. 2682 at A. It is used in the same manner and relative position as the chisel shown 
in Fig. 2681. 

Tw)U for Ftnuhing ffoUom .—^For finishing hollows, which should first be roughed out with the 
gouge, the form of tool shown at B in Fig. 2682 should be used. Several of these tools, of various 
sizes, should be kept; they are used in the same position as the finishing chisel shown in Fig. 2681. 
The tool shown at (7 in Fig. 2682 is used upon large work, and is advantageous because it presents 



less surface of cutting edge in proportion to the depth of the cut than does the gouge; and, in con¬ 
sequence, it is less liable to cause the work to jar or tremble. It is usually mi^e about 2 ft. long, 
which enables the operator to hold it very firmly and steadily. It is used with its top face lying 
horizontally, and should be kept keen. D is a round-nosed tool for finishing hollows. 

n. Fob Metals. —The process of hand-turning in metal been to a great extent superseded by 
the work of special machine-tools, designed to perform theV duties pai^y or wholly by automatic 
movements. In these machines steel tools only are used, or steel tools in conjunction with emery- 
wheels. For small quantities of promiscuous work, however, hand-turning tools are essential, bi^ 
cause in skillful hands they will perform more duty in a given time than tools used (upon small and 
irregular work) in the slide-rest. 

The Oraver .—Of all hand metal-cutting tools, the graver is the most important. It is formed by 
grinding the end of a piece of square steel at an angle, as shown in Fig. 2683, the edges A. and 
point B being the cutting parts, while C serves as the fulcrum or heel of Uie tool. The graver can 
be applied either to rough out or finish steel, wrought iron, cast iron, brass, copper, or other metal, 
and will turn work to almost any desired shape. Held with the heel pressed firmly against the hand- 
rest (the point being used to cut, as shown in Fig. 2684, A being the work, B the graver, and C the 
lathe-rest), it turns very true and cuts easily and freely. This, therefore, is the position in which it 
is held to rough out the work. The heel of the graver, which rests upon the hand-rest, should be 
pressed firmly to the rest, so as to serve as a fulcrum and at the same time as a pivotal point upon 
which it may turn to follow up the cut as it proceeds. The cutting point of the graver is held at 
first as much as convenient toward the dead centre, the handle in which the graver is fixed being 
held lightly by both hands, and slightly revolved from the right toward the 1^, at the same time 
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that iht handle is moyed bodily from the left toward the right. By this combination of the two 
morements, if properly performed, the point of the graver will move in a line parallel to the centres 
of the lathe, b^use, while the twisting of the graver-handle causes the graver-point to move away 
from the centre of the diameter of the work, the moving of the handle bodily from left to right 
causes the point of the graver to approach the centre of that diameter; hence the one movement 
ooonteracts the other, placing a parallel movement, and at the same time enables the graver-point 
to follow up the cut, using the heel as a pivotal fulcrum, and hence obviating the necessity of an 
inconveniently frequent moving of the heel of the tool along the rest The most desirable range of 
these two movements will be very readily observed by the operator, because an excess in either of 
them destroys the efficacy of the heel of the graver as a fulcrum, and gives it less power to cut, and 
the operator has less control of the tool The handle in which the graver is held should be suffi¬ 
ciently long to enable the operator to grasp it with both hands and thus to hold it steadily, even 
thongh the work may run very much out of true. To cut smoothly, as is required in finishing work, 
the graver is held as shown in Fig. 2686, C being the work. The edge on the end of the graver, 
and between the corners A and £ of the graver, performs the cutting operation. By holding the 
gnver in the positions described, and in various modifications of the same, the work may obviously 
be turned pa^lel, with either round edges, curves, or square shoulders; and it is possible to turn 
almost any shape with this one tool. For finishing curves, however, the end of the graver (the cut¬ 
ting edge on the end and between the curves) should be rounded. Even parallel work should be 
finished by being filed with a smooth file while the lathe is running at a high speed. As little as 
possible should, however, be left for the file to do, because it cuts the softer veins of the metal more 
readily than the rest, and therefore makes the work out of true. 

7%e Hed-Tool. —In those exceptional cases in which, for want of a lathe having a slide-rest, it 
becomes necessary to perform comparatively heavy work in a hand-lathe, the heel-tool should be 
employed. This tool is an excellent one for roughing work out, and will take a very heavy cut for 
a h^-tooL A heel-tool is shown in Fig. 2686, which is a piece of square bar steel forged at the 
end to form the cutting edge. The body of the square part is held (in a groove formed in the 
wooden handle j 9) by an iron strap (7, which is tightened by screwing up the under handle 2), which 
contains a nut into which the spindle of the strap C is screwed as the handle I) is revolved. The 
heel F of Uie tool is tapered, so that it will firmly grip the face of the lathe-rest, the cutting edge E 
being rounded as shown above. The tool is held by grasping the handle B at about the point G 
with the left hand, and by holding the under handle D in the right hand, the extreme end U of the 
handle being plac^ firmly against the right shoulder of the operator. The heel F of the tool must 
be placed directly under the part of the work it is intended to turn, the cutting edge E of the tool 
being kept up to the cut by using the handle i) as a lever, and the heel F of the tool as a fulcrum. 
Xot much lateral movement must, however, be allowed to the cutting edge of the tool to make it 
follow the cut, as it-will get completely beyond the manipulator’s control and rip into the work. 
Until Bonie knowledge of the use of this tool has been acquired, it is better not to forge the top of 
the catting edge E too high from the body of the tool; since the lower it is, the easier the tool is to 
handle. The heel-tool should, like the graver, be hardened right out; but in dipping it, allow the 
heel .F to be a little the softer by plunging the end E into the water about half way to F^ and then, 
after holding it in that position for about four seconds, immerse the heel F also. After again hold¬ 
ing the tool still for about six seconds, withdraw it from the water and hold it until the water has 
diM off the point E; dip the tool again, and quickly withdraw it, repeating this latter part of the 
operation until the tool is quite cold. The object of the transient dippings is to prevent the junction 
of the h&rd and soft metal from being a narrow strip of metal, in wffich case the tool is very liable 
to break at that junction. The tool should be so placed in the handle that there is only sufficient 
room between the cutting edge and the end of the handle to well clear the lathe-rest, and should be 
■0 held that the handle stands with the end H raised slightly above a horizontal position, the neces¬ 
sary rake being given by the angle of the top face at jS'. It is only applicable to wrought iron and 
steel; but for use on those metals, especially the latter, it is a superior and valuable hand-tool. 


c •-1 




- 

-i 

m 

1 


]/jp — 

£dgo\^^ 

_A 

j 

1 



1 

i 

) 



{B CJ- 






2689 . 

Sidt^^en 


Cmrve-Tuming Tool ,—For turning out curves the tools are formed as shown in Fig. 2687, the 
shape of the cutting edge A being modified to suit the work; the amount of cutting edge should not, 
however, exceed three-eighths of an inch, or the tool will jar or chatter, as it is termed, and will 
produce wave-like marks upon the work. The heel of the tool at\B is made as shown, so as to grip 
the lathe-rest firmly, the point being used as a fulcrum wherefrom to move the tool to its lateral cut. 
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8ide~To6l .—^For facing up the ends of iron or steel work, or the side faces of heads or collars, the 
side-tools shown in Figs. 2688 and 2689 are employed. A worn-out saw-file is an excellent thing to 
make a side-tool of, because the teeth grip the rest and prevent the tool from slipping. It is not 
necessary to soften the file at all, but (for either kind) merely to grind it as shown, A being in each 
case the cutting edge. The tool shown in Fig. 2688 has two cutting edges, one of which rests upon 
the hand-rest while the other is cutting, which does not in any way damage the edge, but causes the 
tool to hold very firmly to the rest, and hence to turn very true. It possesses the further advantages 
that it cuts very freely, and that its point can, by reason of its thinness, approach much nearer to 
the centre of the work without coming into contact with the lathe-centre. Except for heavy work, 
it is by far the best tool in every respect, nor would the other have been presented at all, save that 
it is very largely employed when it is required to perform heavy duty. Both of these tools are 
slightly rounded in the length of their cutting edges, and are kept sharpened from the end about 
half an inch back. If their cutting edges are smoothed by the application of an oilstone, they will 
give a very clean and smooth polish to the work. The rest should be set at such a height that the 
cutting edge of the tool is slightly above the horizontal centre of the work; and the tool should be 
so held that its side face stands nearly parallel with the end face of the work, the cutting edge being 

held slightly inclined toward 
the work, which will give to 
the tool-edge the necessary 
clearance, .^y excess of this 
inclination renders the tool 
liable to turn out of true, and 
destroys its cutting edge vciy 
rapidly. 

TIve Clockmdker't Hand- 
Turning Tool .—By means of 
this tool pieces of work may 
be produced in duplicate, ex¬ 
act in diameter, length, and 
form, and this can be readily 
done without the use of cali¬ 
pers or gauges. By a very sim¬ 
ple arrangement the tool can 
be used on almost any hand- 
lathe, and made to operate as 
a special tool upon a very wide 
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range of small work. The device consists of a stock or holder as shown in Fig. 2690, the middle 
of which, denoted by A, is square, and contains three or four square slots with a set-screw to each 
slot to hold different turning tools. Each end of the stock is turned parallel, as denoted by B C, 
In Figs. 2690 and 2691, D, By and F are the tools, and G H are the set-screws. Fig. 2692 presents 
top and side views of a plate, of which there must be two, one to fasten on the hc^-stock and one 
on the tail-stock of the lathe, as shown in Fig. 2693. 

In Fig. 2694 the manner of using the tool is shown, similar letters of reference denoting similar 
parts in all the figures. The plates PP are bolted by the screws //, JJyio the head-block JET and 
the tail-stock T of the lathe. The tool-holder is placed so that the cylindrical ends B C rest on 
the ends of these plates and in the angles p' p\ The cutting tool D is sustained as shown upon the 
lathe-rest R. In use, the operator holds the stock A in his hands in the most convenient manner, 
using the tool as a handle when there is a tool in the position of E. The cutting point of the 
tool is pressed up to the work W, and the feed is carried along by hand. It is obvious, however, that 
when the cylindrical ends BC of. the holder come against the shoulders oo of the plates PP, the 
tool cannot approach any nearer to the diametral centre of the work; hence the diameter to which 
the tool will turn is determined by the distance of the shoulders o of the plates P from the centre 
of the lathe-centres. In carrying the cut along, it is also obvious that the lateral travel of fhe 
stock or holder must end when the end of the square part A comes against the side face of either 
of the plates. In the engraving the tool D is shown cutting a groove in the work Wy while the 
shoulder of the holder is against the plate fastened to the lathe tail-stock T; and so long as the 
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operator, in each case, keeps the shoalder against that plate, the grooTes upon each piece of work 
will be cut in the same position, for it will be observed that the position in the length of the work 
performed by each tool is determined by the distance of the cutting part of each tool from the 
end of the square part A of the tool-holder. All that is necessary then is to adjust each tool so 
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that it projects the proper distance to turn the requisite diameter, and stands the required distance 
from the shoulders of the square to cut to the desired length, and when once set error cannot occur. 

This plain description of the device, however, does not convey an adequate idea of its importance. 
Suppose, for example, that it is required to turn a number of duplicate pieces, each with a certain 
taper. All that is necessary is to adjust the plates P in their distances from the lathe-centres. If 
the large end of the taper, on the work, is required to stand nearest the lathe head-stock the 
plate P on the head-stock must be moved until its shoulder o is farther from the lathe-centre. If, 
however, the work requires to be made parallel, the plates P must bo set the same distance for the 
axial line of the centres. If it be desired to have a parallel and a taper in proximity upon the 
iame piece of work, the tool must have one of its cylindrical ends taper and be used upon the taper 
part of the work. All kinds of irregular work may be performed by varying the form of the cylin¬ 
drical ends of the tool-holder. In this event the shoulders o of the plates P should be made V- 
diaped and of steel, and hardened. 

TofjiU tpeciaUif adaptedfor Braae-Tuming ,—The hand-tools for brass work are generally distinguish¬ 
able from the fact tl^t tne top or uppermost face of the tool is made straight, that is, has no top rake. 
For roughing out brass work, the best and most universally applicable tool is that shown in Fig. 
2695, which is to brass work what the graver is to wrought iron or steel. The cutting point A is 
roond-nosed. The hand-rest should be set a little above the horizontal centre of the work, and need 
not be dose up to the work, because comparatively little power is required to cut brass and other 
soft metals, and therefore complete control can be had over the tool, even though its point of con¬ 



tact with the rest be some little distance from its cutting point. The best method of holding and 
gliding is to place the forefinger of the left hand under the jaw of the hand-rest, and to press the 
tool fi^y to the face of the rest by the thumb, regulating the height eo that the cutting is per¬ 
formed at or a little below the horizontal centre of the work. 
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Serapert for Bran Work .—To finish brass work, YarioiiB>8haped tools termed scrapers are em¬ 
ployed. The term scraper, however, applies as much to the manner in which the tool is applied to 
the work os to its shape, since the same tool may, without alteration, bo employed either as a scrap¬ 
ing or a cutting tool, according to the angle of the top face (that is, the face which meets the shav- 
ings or cuttings) to a line drawn from the point of contact of the tool with the work to the centre 
line of the work, and altogether irrespective of the angles of the two faces of the tool whose junction 
forms the cutting edge. To give, then, the degree of angle necessary to a cutting tool, irrespective 



of the position in which it is held, is altogether valueless, as will be perceived by considering Fig. 
2696, A being in each case a piece of work, and B a tool. The tool-edge as applied in No. 1 will 
act as a scraper, whereas in No. 2 it will act as a cutting tool. Fig. 2697 represents a flat scraper 
for finishing brass, A being in each case the cutting edge, since the tool may be turned upside down. 
The end of this tool may be and frequently is ground at an angle, especially in those cases where, for 
some required purpose, the tool is made of a particular shape, such for instance as in the case of 
the tool shown in Fig. 2698, the angle being shown at A. On all brass work, it is, however, better 

to dispense with an angle. Fig. 2699 represents a 
scraper {A being the cutting edge) designed for oper¬ 
ating close down to the lathe-centre or in a square cor¬ 
ner, such as is formed at the junction of a head or col¬ 
lar upon a shaft or bolt. This tool may also be turned 
A upside down, so as to form a right-hand or left-hand 

r I I ^ tool. Scrapers will cut more fr^ly if applied to the 

work with the edges as left by the grindstone; but if 
they are smoothed after grinding by the application of an oilstone, they will give to the work a 
much smoother and higher degree of finish. They should be hardened right out for use on cast iron, 
and tempered to a straw color for brass work. If the scraper jars or chatters, as it will sometimes, 
by reason of its having an excess of angle, as shown in Fig. 2698, or from the cutting end being 
ground too thin, a piece of leather placed between the tool and the face of the rest will obviate the 
difficulty. J. R. 

LATHE-TOOLS, SCREW-CUTTING. Hanp-Tools. —^For cutting screws or threads in the laUie 
by hand, the tools shown in Figs. 2700 and 2701 are employed, the former being used upon external 
or male threads, and the latter upon internal or female threads. A fine groove of the necessary 
pitch of thread is first traced upon the work by a graver, and the chaser is then applied to the 
groove as a comb, being forced against the work by hand pressure. 

To make a chaser, a tool term^ a hob is made to revolve between the centres of the lathe. The 
workman takes a blank screw tool, which must be well annealed, and applies its face to the revolv¬ 
ing hob, being careful to hold the tool very firmly, yet not to allow the hob at the commencement 
to bite too greedily, and supplying oil to the surface of the hob or tap, which essentially assists the 
operation. The blank tool may 1^ held either above or below the centre of the hob. I^e latter is 
shown in Fig. 2702, and is in some respects preferable to the former, as it affords a better purchase 
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for the tool. The method of cutting screw-tools practised in Manchester is in many respects similar 
to that we have just described, except that it requires the aid of change-wheels and a slide-lathe. 
Nevertheless, as many of the details are common to both, the observations we are about to make will, 
in some measure, apply to manual as well as mechanical power. 

The first thing is to cut the hob, or hub, which is effected by a self-acting slide-rest. It is simply 
a screw cut on a solid cylinder of cast steel, with diagonal grooves cut across the thread of the screw 
to act as cutters, as shown in Fig. 2703 ; the two necks of the hob have concave holes drilled in the 
ends to carry the centres of the lathe. The hob is placed between the centre points of the lathe, by 
means of a dog or catch attached to one end in the usual way. Change-wheels are then put on to 
connect the mandrel or spindle with the guide-screw of the lathe, which carries along the slide-rest. 
The wheels are so arranged that one turn of the mandrel causes the slide-rest to travel a distance 
exactly equal to one thread. The blank which is to be cut is firmly screwed down in the tool-box 
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of the slide-rest, and made to stand above the centre of the hob, as shown in Fig. 2704. It is 
then pressed by the screw of the slide-rest against the hob, and the lathe being put in motion causes 
the toot to traverse along and against the hob, cutting it as deep as may be thought necessary. The 
face of the tool, when cut, is a segment of a circle, varying, of course, according to the diameter of 
the hob. 

Fig. 2706 is a side view of the tool in this condition; but this form is not found sufficiently eco- 
Domii^ in practice, since it can only be ground and shaipened to a particular point, as to 6 / for when 
ground to 6, as from a to c, it ceases to cut, owing to the top of the tool being then as far from the 
screw to be cut as the bottom. The method adopted to oblate this difficulty is to give the tool an 
angular instead of a circular face, and this is managed in the following way: The screw-tool is re¬ 
moved from the slide-rest, and, as the hob revolves, the workman elevates and depresses the end of 
the tool which is in his hand, so as to present different points of the face to the cutl^g action of the 
hob, until by degrees he succeeds in obtaining a perfectly angular face, which allows the tool to be 
ground nearly or quite to the bottom, with a certainty of preserving a good cutting edge. To finish 
tbe round top and bottom thread in the lathe, a chaser is necessary, it being impracticable to use a 
single V-tool with a projecting lip to round off the tops of the threiul, because such a tool would re¬ 
quire to be sharpened by grinding away the top face, and in that case the clearance of the tool would 
cause its angles, and hence the angle of the thread it will cut, to alter at each grinding. It is the 
usual practice to use a chaser, that is, a screw-cutting tool having several teeth. The disadvantage 
of this system is that the chaser must be cut from a hob, and if £e hob is cut of the correct pitch it 
M liable to become of incorrect pitch in the hardening process, because the steel usually increases in 
diameter and shrinks in length from being hardened ; hence the pitch of the hob will ^ to that ex¬ 
tent finer when hardened. The chaser cut from the hob again shrinks from the hardening, and thus 



tbe error is doubled. To remedy this defect, Messrs Pratt & Whitney have devised a new kind of 
chadng tool, to be held in a tool-holder as shown in Figs. 2706 and 2707. The teeth in the direction 
of their length A are made straight instead of in a hollow curve, as when cut by a hob, and the angles 
of the teeth are corrected after hardening. This, however, is an expensive tool to make, and is some¬ 
what unhandy; so that when it is considered how much more easy and ready of accomplishment it 
is to grind a plain turning tool to the requisite angle for either an external or an internal thread, it 
becomes apparent that the United States standard thread possesses important practical advantages. 
Furthermore, a thread can be cut much more true upon wrought iron or steel ^th a tool having a 
angle cutting tooth than with one possessing several such teeth, because the latter are more apt to 
follow tbe inequalities in the texture of the metal. 

An important consideration in screw-cutting is the position of the tool relative to the work, since 
by a variation in the height of the tool the depth of the thread and therefore its angles may be al¬ 
tered. Suppose, for example, that Aj Fig. 2708, is the chaser or screw-cutting tool, and B a hori¬ 
zontal line passing through the centre of the work; then the depth of the thread cut will bo that of 
the distance between the lines C and i>. If, however, the horizontal line E passes through the 
centre of the work, the depth of thread cut will be the distance from F io Q; which being 
greater than that of C D, it follows that the height of the tool infiuences tbe depth of the 
thread cut. In the case of using a chaser, the teeth must be held to the work in the same relative 
position as they were to the hob which cut them, no matter whether the top face of the teeth is 
ground horizontally level, is given rake or keenness to make them cut clean, or is ground at im ob¬ 
tuse angle, as is necessary upon brass work. It is, therefore, essential to insure that the position of 
tbe chas^ be correct, and to try the depth of the thread during the latter part of the process of 
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thread-cutting. When, however, a turning tool ground to the correct angle is used, the top face be¬ 
ing left level and placed horizontally level with the centre of the work, the thread cut will inevitably 
be of the correct angle and depth. In grinding such a tool to resharpen it, the top face need not be 
touched, and hence the height of the tool onoe set will always remain correct; whereas, in the case 
of a chaser, at each grinding the height of the tool is altered, necessitating its readjustment, and 
a trial with a thread-gauge to test the accuracy. If the tool requires an incline upon the top face to 
make it cut clean and well, the V turning tool has still the advantage, inasmuch as when once the 
top face is set it need not be altered, the grinding being done on the Y-faces, or side angles, whereas 
the chaser can only be sharpened upon the the top face. 

Power Tools. —Lathe-tools for cutting screws have necessarily, from the nature of their duty, a 
comparatively broad cutting surface, rendering them very subject to spring. Those used for V- 
threads, being ground to fit the V of the thread, are, in consequence, weak and liable to break ; to 
avoid which they should only be given enough bottom rake to well clear the thread, and top rake 
sufficient to make them out clean. They are used at a slow rate of cutting speed, and may therefore 
bo lowered to a straw-colored temper (as reducing the temper stren^ens a tool). Finnness and 
strength are of great importance to this class of tool, so that it should be fastened with the cutting 
edge as near to the tool-post as is convenient. For use on wrought iron, it is sometimes given side 
rake; but this is not of necessity, and is of doubtful utility, because the advantage gained by its 
tendency to assist in feeding itself is quite counterbalanced by its increased liability to break at the 
point It should always be placed to cut at the centre of the work. For use on brass, it must be 
ground on the top face to an inclined plane, of which the cutting point is the depressed end; that is 
to say, it must have negative top rake. 

For cutting square threads, a tool with the sides ground away beneath sufficiently to well dear the 
sides of the thread is used. If the pitch of the screw to bo cut is very coarse, a tool nearly one-half 
of the width of the space between one thread and the next should be employed, so as to avoid the 
spring which a tool of the full width would undergo. After taking several cuts, the tool must he 
moved laterally to the amount of its width, and cuts taken off as l^fore until the tool has cut some¬ 
what deeper than it did before being moved, when it must be placed back again into its first position, 
and the process repeated until the required depth of thread is attained. Fig. 2709 represents a 
thread or screw during the above-described process of cutting. A A is the groove or space taken 
out by the cuts before the tool was moved ; B represents the first cut taken after it is moved; C is 
the point to which the cut B is supposed (for the purpose of this illustration) to have traveled. The 
tool used having been a little less than one-half the proper width of the space of the thread, it be¬ 
comes evident that the thread will be left with rather more than its proper thickness, which is done 
to allow finishing cuts to be taken upon its sides, for which purpose the side-tool is brought into 
requisition, care being taken that it is placed true, so as to cut both sides of the thread of an equal 
angle to the centre line of the screw. In cutting V-tbreads of a coarse pitch, the tool may be made 
less in width than the required space between the threads demands, so that it may be moved a little 
laterally in order to take a cut off one side of the thread only at a time, by whioi means a heavier 
cut may be taken with less liability for the tool to spring in; but the finishing cut is better if taken 
by a tool of the full width or shape of the thread. 

Fig. 2710 represents a tool for cutting an outside V-thread in brass work. When, however, the 
tool-point must of necessity stand far out from the tool-post, it roust be given negative top rake, to 
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make it cut smoothly and prevent its jarring. To adapt this tool to cutting V-threads on iron, it is 
only necessary to give it top rake. 

For cutting square threads on brass work, the tool shown in Fig. 2711 should be used. Tho thick¬ 
ness at C must however be made sufficiently greater than that at B to clear well the sides of the 
thread. This will answer very well for threads of fine pitches, but for coarse ones the part from C 
to D, while still slightly thicker at C to give the tool clearance, should also be atwist with the body 
of the tool-steel, the amount of the twist agreeing with the angle of the thread to be cut, so as to 
leave tho tool as strong as possible. (See also Screw-cuttino Machines, Screw-Thread, and Tats 
£SD Dies.) J. R. 

LATH^TOOLS, TURNING (SLIDE-REST). While the operation of turning in the lathe is ac¬ 
complished with more facility, truth, and expedition than any other metal-cutting process performed 
by steel tools in conjunction with a machine, yet at the same time it requires more manipulative skill 
than any other, for the following reasons: 1. The range of work operated upon in the lathe is vastly 
more extensive. 2. The work requires to be finished in the lathe, and is not supposed to be operated 
upon after leaving the lathe by files or other truing or adjusting tools. 8. The speed at which the 
work travels covers a greater range, and is left more largely dependent upon the judgment of the 
operator. 4. The cutting operation is in a majority of instances continuous. 6. The variations in 
form as well as in the angle of the facets of the tool are more multitudinous. 6. The conditions 
under which the tools operate may be, and are in actual practice, widely divergent. 

The considerations which determine the proper form of a turning tool are me nature of the mate¬ 
rial to be cut, the distance of the tool-edge from the tool-post or rest, and in conjunction with these 
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the angles of the facets whose line of junction forms the cutting edge, combined with the position of 
the top face or facet with relation to the work. As a general principle, the more acute these angles 
are one to another, the keener and the weaker is the cutting edge of the tool. In Fig. 2712, A de¬ 
notes the top and B the bottom face of the tool. Top rake is the name given to the inclination of 
the face A in the direction of the arrow, and negative top rake is the name given to the angle of the 
face A when its point is the lowest, as would be the case if the plane of that face was as denoted by 
the line E. The angle of the bottom face to the line C D is termed the bottom rake or clearance. 
Thus the line F denotes by its variation from a right angle the bottom rake. The cutting value of 
a tool is principally determined by the top rake with relation to the work, and this fact it is which 
determines whether a tool having any defi^tc angles of facet to form its cutting edge shall act as a 
cutting or as a scraping tool. Suppose, for instance, that we have four turning tools of exactly 
similar form, and apply them to the piece of turning work shown in section in Fig. 2713 at A, The 
action of the tool held in position 1 will be to scrape; in position 2, to cot and scrape at once; in 
position 3, to cut moderately well; and in position 4, to cut freely. On referring to the dotted lines 
it will be observed that the angle or top rake of the tool to the work is but slightly varied. Tools 
for wrought iron require the angle or rake of the top facet to be, as a rule, as showm in position 4 ; 
but if the cutting ed^ of the tool stands far out from the tool-post or clamp, this rake must be made 
to assimilate toward position 3. Tools for cast iron require the top rake to be similar to that shown 
in position 3; but if the tool stands far out, or is slight in proportion to its duty, the rake must be 
modified toward that shown in position 2. Tools for brass require the top face to be in position 2, 
while if the tool-edge protrudes far from the tool-post, negative top rake, as shown in position 1, must 
be employed. The distance of the cutting edge from the tool-post or tool-holder of the lathe, then, 
if an important clement in determining the necessary amount of top rake; and instead of defining 



that rake as ranging between a certain number of degrees of angle, it is preferable to explain the 
principle from which its amount is under ordinarily varying conditions determined in actual practice. 
It is in fact altogether erroneous to give a fixed degree of angle as proper for a lathe-cutting tool, 
because the size of the work and the rate of feed, independent of the tool itself, regulate to a large 
degree the angle at which the tool stands in relation to the work. 

Suppose we give to a common front tool an angle of the bottom face of say 6° ; let us see how 
such a definite angle will operate in practice. In Fig. 2714, A represents in each case the 6** of 
tagle on the side face of the tool, while B represents the angle of die respective cuts. The rate of 
fe^ is alike for the respective diameters, and we find that with a constant degm of angle and a 
constant rate of feed, the angle of the tool to the cut varies with every varying diameter; and fur¬ 
thermore, the clearance of the tool becomes greater as the size of the work operated upon is in- 
ereaied, whereas in good practice the exact opposite is required. To maintain a fixed degree of 
iogle upon the side face of the tool with relation to the cut, the tool-angle must be varied according 
to the size of the work and the rate of feed. The size of the work, the hardness of the metal, the 
Bse of the tool-steel, the depth of the cut to be taken, the distance of the cutting edge from the 
tooUdamp, and lastly the shape and strength of the cutting end of the tool itself, are all considera- 
fioQs which go to determine the proper angle for the top face. 

It is always desirable, circumstances permitting, to place nearly all the rake upon the top face of 
the too). In those cases (to be hereafter specifi^) in which the top rake must, from the nature of 
^ work, be modified, the tool must be pven the necessary keenness by an addition of bottom rake. 
These top and bottom faces, taken one in conjunction with the other, form a wedge, and all cutting 
tools are nothing more than wedges. The strain sustained by the top face is not alone that due to» 
tbe severing of the metal, but that in addition which is exert^ to break or curl the shaving, which 
would, if not obstructed by the top face, come off in a straight line, like a piece of cord being unwound 
from a cylinder; but on coming into contact with that face immediately after it has left the cutting 
edge, tbe shaving is forced ont of the straight line, and takes a circular form of more or less diame¬ 
ter according to the amount of top rake possessed by the tool. The direction of the whole strain 
open the top face is at a right angle to it, as denoted in Fig. 2715 by the line D, A representing the 
work, B the tool, and C the shaving. It will be readily perceived then that if a tool possessing so 
ouch top rake is held far out from the tool-post or clamp, or is slight in body, any springing or de- 
ficction of the tool will cause the tool-point to take a deeper cut, and that the tendency of the strain 
ipon the top face is to draw the tool deeper into its cut. A plain cut (either inside or outside) admits 
of the application of a maximuip of front or top rake, and of a minimum of bottom or side rake; but 
t tool of this description, if used upon work having a break in the cut (such as a keyway or slotX 
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woald ran in and break off from the following causes: If the strain upon the tool were equal in 
force at all times during the cut, the spring would also be equal, and the cut therefore a smooth 
one.; but in taking a first cut, there may be, and usually is, more metal to be cut off the work in one 
place than in another; besides which there are inequalities in the texture of the metal, so that, when 
the harder parts come into contact with the tool, it springs more and cuts deeper than it does when 
cutting the softer parts, and therefore leaves the face of the work uneven. If less rake be given to 
the tool on its top and more on its side or bottom face, as is represented in Fig. 2716, A being the 
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shaft as before, B the tool, and C the shaving, the line D is the direction of the strain put upon the 
tool by the shaving, which has but very little if any tendency to spring the ^1 into its cut. It 
follows then that, if two tools are placed in position to take an equal cut off similar work, that which 
possesses the most top rake, while receiving the least strain from the shaving, receives it in a direc- 
don the most likely to spring it into its cut. It must not, therefore, be used upon any work having 
a tendency to draw the tool in, nor upon work to perform which tlie tool must stand far out from 
the tooUpost, for in either case it will spring into its cut. 

When, in consequence of the top face having but very little rake, it becomes necessary to give the 
cutting ^ge keenness by the application of a maximum of bottom rake, the tool becomes propor¬ 
tionately weak, as is shown in Fig. 2716, in which it will be noted that the cutting edge is compara¬ 
tively weak, and is hence liable to break. Taking all these considerations into account, we arrive at 
the tool shown in Fig. 2717 as representing the most desirable proportions of top and bottom rake 
for ordinary purposes upon light work. Such a tool, however, is not adapted to taking very heavy 
cuts, for which duty the tool is given what is termed side rake; that is to say, the top face of the tool 
possesses angle across its width, as denoted in Fig. 2718 at A. The amount of power required to 
feed a lathe-tool or other metal-cutting tool into its cut at the same time that the tool is cutting, is 
considerable when a heavy cut is being taken; and the object of side rake is not only to make the tool 
more keen without sacrificing its strength, but to relieve the feed-screw or gearing of a part of this 
strain by giving the tool a tendency to feed along and into its cut, which is accomplished by side rake 
as follows. Suppose, in Fig. 2718, A to be a. cross-section at A B of the tool shown in Fig. 2717, 
W representing the work and 8 the shaving; then the pressure due to bending the shaving gives the 
tool a tendency to feed itself along and into the cut. The direction of the pressure due to bending the 
shaving has in fact followed the direction of the top rake, decreasing its tendency to ran or spring 
in, with a corresponding gain in the above-mentioned inclination to feed itself along or into its 
lateral cut. 

When side rake is called into use, a corresponding amount of front rake must be dispensed 
with, or its tendency to feed itself betimes so great that it will swing round, using the tool-post as a 
centre (feeding rapidly into the cut), spring in, and break from the imdue pressure, particularly if the 
lathe or machine has any play in the slides. So much side rake may be given to a tool that it will 
feed itself without the aid of any feed-motion, for the force required to bend the shaving (in heavy 
cuts only) will react upon the tool, forcing it up and into its cut, while the amount of bottom rake, 
or clearance, as it is sometimes called, may be made just suflScient to permit the tool to enter its cut 
to the required thickness of shaving or feed and no more; and it will, after the cut is once begun, 
feed itself, and stop of itself when the cut is over. But to grind a tool to this exactitude is too deli- 
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cate an operation for ordinary practice. The experiment has, however, been successfully tried ; but 
it was found necessary to have the slides of the lathe very nicely adjusted, and to take up the lost 
motion in the cross-feed screw. 

For roughing out and for long continuous cuts, this tool is the best of any that can be used, 
because it presents a keen cutting edge to the metal, and the cutting edge receives the maximum of 
support from the steel beneath or behind it. It receives less strain from the shaving than any other, 
and will, in consequence of these virtues combined, take a heavier cut, and stand it longer, than any 
other tool; but it is not so good for taking a finishing cut as one having front rake, as shown in Fig. 
2716. 
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HaTing determined the position of the requisite rake, the next consideration is that of the proper 
height of the cutting edge from the body of the tool. This height varies in practice because of the 
differences in height between the top face of the slide-rest and the horizontal centre of the lathe- 
oentre, which distance varies according to the size of the steel necessary for different sizes of lathes, 
and according to the ideas of the maker of the lathe. 

In fig. 2719 is shown a tool having a maximum of such height, the object being to forge the cut¬ 
ting end of the tool long at the angle, so that it will afford more material, and can therefore be 
ground np on the grindstone a greater number of times without being reforged. The objections to 
sneh a tool, however, are very grave, for the following reasons. The pressure of the cut must 
ineritably cause the tool to spring or bend downward, and the fulcrum off which this spring takes 
place is at the edge of the slide-rest shown at A in Fig. 2719; If then we draw from the point A 
the section of a circle the direction of the latter as denoted by the arrow will be the direction in 
which the spring of the tool will take place. In addition to this defect, the tool is difficult to forge, 
and during that process the grain of the steel is considerably upset, which deteriorates it. In the 
next place, it is exceedingly difficult to grind because of the tediousness of the operation, which 
arises from the length of the face presenting so much surface requiring to be ground away. The 
tools shown in Figs. 2716 and 2717 are of proper height; their conformation renders them easy to 
foige and to grind, while the full strength is retained. 

The next consideration is that of the requisite form for the nose of the tool, as the extreme point 
or end of the cutting edge is termed. Round-nosed tools, such as shown in Fig. 2720, have more 
cutting edge to them (the depths of the cots being equal) than the straight-nosed ones shown in Figs. 
2717 and 2718, receiving as the result more strain from, and becoming more liable to run into or 
out from, the cut. If sufficient rake is given to the tool to obviate this defect, it will, under a heavy 
cut, spring in. It is, however, well adapb^ to cutting out curves, or taking finishing cuts on wrought- 
iron work which is so strong and stiff as not to spring away from it, berause it can be used with a 
coarse feed without leaving deep or rough tool- or f^-marks; it should, however, always be used 
with a slow speed. On coming into contact with the scale or skin of the metal, in x»se the work will 
not true op, it is liable to spring away from its cut. If held far out from the tool-post, it is apt to 
jar or chatter; and unless the work and the tool are both firmly held, it is liable to cut deeper into 
the softer than into the harder parts of the metal. The angles or sides of a cutting tool must not 
of neceemty be quite flat (unless for use on slight work, as i^s or spindles), but slightly curved, and 
in all cases rounded at the point, at least as much as in the tool shown in Hg. 2721. If the angles 
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were left flat and the point sharp, the tool would leave deep and ragged feed-marks; the extreme 
point, wearing away quickly, would soon render the tool too dull for use, and the point would be apt 
to break. 

For the flnishing cuts of heavy cast-iron work, which is not liable to spring, the broad square-nosed 
tool shown in Hg. 2722 is the best. On ordinary cast-iron work a feed can be used with this tool 
almost as broad at a cut as the nose of the* tool itself; providing, however, that it is set in position 
with great exactitude, so that its flat nose or front will ^ even or true with the face of the work it 
is int^ed to cut, and that it is held as close in to the tool-post as it can conveniently be; and that, 
if fad by hand, it be fed evenly, because all tools possessing a broad cutting surface are subservient 
to spring, whi<di spring is always in a direction (as in this case) to deepen the cut; so that, if more 
cot is taken at one revolution or stroke than at another, the one cut will be deeper than the other. 
Th^ are likewise liable to jar or tremble, the only remedy for which is to grind away some of the 
eotti^ face or edge, making it narrower. For taking flnishing cuts on cast iron, more top rake may 
be given to the tool than is employed to rough it out, unless the metal to be cut is very hard; else 
the metal will be found, upon insp^ion, to have numerous small holes on the face that has been cut, 
appearing as though it was very porous. This occurs because the tool has not cut keenly enough, 
a^ has broken the grain of the metal out a little in advance of the cut, in consequence of qm undue 
pressure sustained by the metal at the moment of its being severed by the tool-edge. For small 
wiooght-iion, steel, or copper work, the tool shown in Fig. 2721 possesses the proper elements of 
shape, being far preferable to the square-nosed tools, since such tools do not cut the tough or fibrous 
meuls true, but follow the texture of the metal, cutting deepest into the softest parts, especially 
when the tool-edge becomes dulled from use. 

All tools should be fastened or held so that their cutting edges are as near the tool-post as pos- 
rible, so as to avoid their springing, and to dieck as far as possible their giving way to the cut, in 
consecpience of the play there may be in the slides of the tool-rest; but if, from the nature of the 
work to be perform^ ^e tool must of necessity stand out far from the tool-post, we should give the 
tool but little top rake, and be sure not to place it above the horizontal centre of the work. The 
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tool most BubserTicnt to spring is the parting or grooving tool shown in Fig. 2723, which, having a 
square nose and a broad cutting surface placed parallel to the depth of the cut, and requiring at 
times to be slight in body, combines all the elements which predispose a tool to spring; to obviate 
which, it should be placed at or a little below the centre, if used in a lathe under disadvantageous 
conditions. The point at C is made thicker than the width at 2), to give clearance to the sides, so 
that it will only cut at the end; and the breadth is left deeper than the width of the body of the 
tool'Stecl, to compensate in some measure for the lack of substance in the thickness. 

The spring-tool shown in Fig. 2724 is specially adapted to finishing sweeps or curves, and may be 
used on either wrought or cast iron, or brass; the only difference in shape required to fit it for such 
various uses is to give it less top rake for cast than for wrought iron, and less for brass than for either. 
The fulcrum off which it springs is at the point Ay because that is the weakest part (since the cut¬ 
ting edge, By is at a leverage to the line of spring of the edge B is therefore in the direction 



of the arrow C, which is away from its cut, so that It will give way to the metal rather than 
spring into it, which causes it to recede from the harder and spring into the softer parts of the 
metal, rendering its use unadvisable except for finishing curves, which it will do more smoothly and 
cleanly than any other tool, especially when necessity compels it to be held far out from the tool-post. 

Side tools for use on iron, steel, or copper are subject to all the principles already explained as 
governing the use and shapes of front tools, and differ from them only in that the cutting end of the 
tool is bent around to enable the cutting edge to operate upon a face of the work which stands at a 
right angle to the parallel cut. A front tool is used to carry the straight cut nearly up to the shoulder; 
then a side tool is introduced to take out the comer and cut the side face. 

A side tool whose cutting end is bent to the left, as in Fig. 2726, is called a left-handed side tool; 
and one which is bent to the right, a right-handed side tool. The cutting edges should form an acute 
angle, so that, when the point of the tool is cutting out a comer, either the point only or one edge is 
cutting at a time; for if both of the edges cut at once, the strain upon the tool causes it to spring 
in. For heavy work it may be made more round nosed, and allowed to cut all round the curve, and 
with a coarse feed. It is also an excellent tool for roughing out sweeps or curves; and for small 
short bolts it may be used on the parallel part as well as under the head. For taking out a comer or 
fillet in slight work, which is liable to spring from the pressure of the cut, the point must be rounded 
very little, and the fillet be shaped by operating the straight and cross fe^ of the lathe. It is made 
right- or left-handed by bending it in the required direction, that shown being a left-handed one. 
This form of side tool is that most desirable for all small work where it can got in; and in the 
event of a side face being very hard, it possesses the advantage that the point of the tool may be 
made to enter the metal first and beneath the hard skin, causing it to break away from the pressure 
of the cut. 

For cutting down side faces where there is but little rOom for the tool to pass, the tool shown in 
Fig. 2726 is used, A being the cutting edge. Not much clearance is requii^ on the side of this 
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tool, the keenness being given to it by grinding away the edge C, so that the top face, from C to Ay 
is an inclined plane, A being the apex. This tool should be so placed that the point B cuts a little 
the deepest, and the cutting edge at the point D is clear cf the cut; the only consideration with 
raference to it is how much rake to give it on the face, from C to A, which should be less for cast 
iron than for wrought iron, and more when the metal is soft than when it is hard. Its spring 
does not affect it to any degree, since it springs vertically and in a line with the face of the cut, 
and not laterally and into it. 

Turning Tools for Brass .—The main distinction between tools for use on iron or steel, and those 
for use on brass work, is that the latter do not require any top rake (unless the brass contains an 
unusually large proportion of copper). Fig. 2727 presents a front tool for brass, which possesses 
every qualification for all plain outside work, both for roughing out and finishing. For very light 
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work, or when the tool i«iist be held far out from the tool-post, it may be given a little more 
rake on the bottom or side faces; while for finishing, the point may be more rounded and used 
with t coarser feed, providing the tool is rigid and not liable to spring. When held far out from the 
tool-post, the side faoes may be ground keener, and the top face have negative top rake; that is to 
say, some of the rake may be ground off the top face, and more given to the bottom or side faces. 
Under such conditions, also, the cutting surface on the point of the tool may be reduced as small 
as convenient, so as to avoid the liabil¬ 
ity to spring. Ground round-nosed and 
smoothed with an oil-stone, this tool 
gives a true and excellent finish to 
plain work. 

The best side tool for brass is that 
shown iu Fig. 2728. It requires little 
or no top rake, and but little side or 
bottom rake, unless used upon very 
slight work, or used under conditions 
revering it liable to spring. For tak* 
ing out comers, and for turning out re¬ 
cesses which do not pass entirely through 
the metal, it has no equal. When it is 
held far out from the tool-post, it should 
hare the top face beveled off, at an 
angle of which the cutting part is the 
lowest, whidi will thus prevent it from 
jarring or diattering, and from spring¬ 
ing mto the work. In grinding it, grind 
only the end (rounding off the comer 
lUghtlyX BO as to preserve the bend 
opon the end of the tool, which is placed 
there to give it clearance. It will take a parallel cut equally as well as a side one, and for small 
work can be used to advantage for both purposes. 

Lathe-Tool Holden are appliances used to support the tool when it requires to stand far out from 
the tool-post, the size and strength of the holder being much greater than of the tool. For small 
work a tool-holder is often employed, the object being to save the forging of the tools by securing 
a short piece of rod-steel in the holder at the requisite angle to use the edges at the end face of the 
steel as the cutting edges. The slot in the tool-holder being at the requisite angle, the tool is always 
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presented to the work having a correct angle for ordinary purposes. Figs. 2729 and 2730 represent 
tool-holders for small work. Fig. 2731 is a tool-holder for heavy external work, and Fig. 2732 for 
internal duty. It is obvious that the end B is made to enter and be fastened in the tool-post. 

kpeede of Turning Tools ,—The cutting speeds most advantageous for turning metals 
depends in a great measure upon the lengths of the cut. The principle adopted for cast iron by 
William Sellers & Co., in the feeds of their planers and cylinder-^ring machines, is undoubtedly the 
correct one. The theory of this principle is that, by taking a light finishing cut under a very coarse 
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feed, with the cutting edge of the tool ground flat so as to leave the surface of the work level, the 
edge of the tool is under cutting duty during a minimum of time, and hence preserves its cutting 
edge longer in proportion to the duty. And since the cutting edge is better preserved, it follows that 
the finished work will be more nearly parallel. This principle applies more particularly to CMt iron 
than to wrought iron or steel, because there is less strain in severing that metal. In planing ma- 
diincB the speed usually varies between 16 and 18 feet of cut per minute, and the feed for the first 
cuts is from 10 to 20 traverses of the work to an inch of tool travel; but for finishing cuts the tool 
travel is increased to from one-eighth to one-half inch per cutting traverse of the work, the broader 
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cuts being taken upon the larger sizes of work. In turning wrought iijjpn, steel, or brass work, the 
same principle holds good, but in a minor degree. Under all ordinary circumstances a marimum of 
tool-feed rather than of lathe-speed will perform the greatest quantity of work in a given time. 

Power required for LatJie-Tools. —Dr. Hartig has determined that the power required for turning 
off metals is greater for small diameters than for larger ones. He gives the following formulas, in 
which P represents horse-power and W the weight of metal removed per hour in pounds: 


Turning cast iron. P= .0314 W 

“ wrought iron. P— .0327 W 

“ steel. P=M1W 


The power required to drive ordinary cutting tools when empty varies for lathes with the number 
of shafts between the driving-shaft and the main spindle. In the following formulae n represents 
the number of shafts between the driving-shaft and the main spindle: 



No. of Intermediate Shafts. Lil^ht Lathes, Empty. Heavy Lathes, Empty. 

0.P= .06 + .0006 n.P= 0.26-I-.0081 n 

lor 2...P=.06 -I- .0012n.P = 0.26-I-.068 n 

8 or 4. P= .06 + .06 n.P= 0.26 + 0.18 n 

J. R. (in part). 

LAUNDER. See Mills (Gold, Silver, etc.). 

LAUNDRY MACHINERY. The process of laundering as now practised in this country differs 
materially from the methods formerly employed ; boiling of the fabrics, hand-rubbing, and friction¬ 
ironing having been entirely superseded by various ingeniously contriv^ machines, llie process is 
divided into four departments—bleaching, washing, starching, and ironing. 

Bleaching. —^The bleaching process is required more particularly for new work. Its object is to 
whiten the goods, and also to remove any traces of oil wUch may have adhered to the fabric during 
the process of manufacture. This is accomplished by soaking the articles for a variable length of 

time in a solution composed chiefly 
of chloride of lime and caustic soda, 
thoroughly incorporated with a large 
quantity of water. After having re¬ 
mained in the lye solution for a suf¬ 
ficient period, the articles are dipped 
in the ^^sour,*’ which is a solution 
made from oil of vitriol and water. 
This solution neutralizes and re¬ 
moves all trace of the alkali Both 
of the bleaching solutions are made 
quite weak, so as not to injure the 
fabric submitted to their action. 

W ashing. —Power - vxuhing Afo- 
ehines .—There are three principal 
types of washing machines, the em¬ 
ployment of each being determined 
by the class of goods to be washed. 
In collar and cuff laundries the dash- 
wkedj Fig. 2788, is considered the 
most efficient. It consists of a sta¬ 
tionary cylindrical case, having in 
its interior a wheel divided into four 
compartments and hung upon a hor¬ 
izontal shaft. The wheel is either 
made water-tight or perforated. 
The former construction is pre¬ 
ferred when small articles, and the latter when large goods, are to be washed. 

The wheel is generally one foot smaller in diameter than the inclosing cylinder. For small work 
it measures usually 6 ft. 6 in. in diameter and 2 ft. 6 in. in depth; for large articles the diameter of 
the wheel is from 7 to 8 ft. Motion is imparted to the wheel by bevel-gearing. The speed of the 
wheel is from 20 to 22 revolutions a minute. Water is admitted into the stationary cylinder in a 
quantity sufficient to rise about 2 in. above the bottom of the wheel. When ready for washing, the 
goods are put into the different compartments of the wheel with a weighed amount of soap, the 
doors arc closed, and the wheel is set in motion. By the revolution of the wheel the goods, con¬ 
stantly falling, are subjected to sudden impacts with the water, by which means the dirt is loosened 
and removed. The water is heated and kept almost at the boiling point by the admission of live 
steam. The time required in laundering new work with this machine is about four hours, but a 
somewhat longer period is usually given for the larger articles of wearing apparel. 

In the Brown vyaslier^ Fig. 2734, the method of washing is similar to that of the dash-wheel, in 
that the goods are subjected to continuous falls. This machine, however, accomplishes its work by 
violently agitating the articles within its cylinders. The dotted lines in Fig. 2784 show the way the 
cylinders are divided. It will be readily understood that the rapid revolution of the cylinders sub¬ 
jects the goods to a number of short falls, thus loosening the dirt as in the case of the dash-wheel; 
but it requires a somewhat longer time. The cylinders have short shafts bolted to their sides and 
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geared to the driying-shaft. The capacity of the machine ia about 700 dozen of collars and cuffs at 
a washing. The cylinders are 40 in. in diameter, and make from 60 to 65 revolutions a minute. 

In Fig. 2735 is shown the N<mpareil machiney which is entirely different in principle from the ma¬ 
chines above described. Four vibrating arms, depending from a horizontal cross-piece, are connected 




1^ cranks to the driving-shaft. These cranks are placed at different angles on the shaft, so as to 
give the arms a uniform motion by pairs. On the ends of the arms are the rubbing-boards. The 
machine is run at a speed which gives 440 strokes of the arms per minute. This rapid motion, com¬ 
bined with the positive action of the beaters, squeezes the goods between the inclined corrugated 
faces of the nibbing-board.s 
and the body of the machine. 

The arrangement of cranks 
is sach that while one pair 
of boards are squeezing the 
goods the other pair have 
receded, and the fabric is 
opening and reabsorbing the 
water. By the rubbing- 
boards the goods are rolled 
over and over until they are 
thoroughly washed. This 
omdiine is much used in ho¬ 
tels and large manufactories. 

Hitnd-vcuthhi/^ Machine. 

—The principle of rolling 
over or kneading the clothes 
has been applied success¬ 
fully in the construction of 
hand-washing machines, bet¬ 
ter results having been ob¬ 
tained from apparatus thus 
constructed than from ma¬ 
chines in which the fabric 
is conipre@®ed between roll¬ 
er?,' the tendency of which 
is to caose wear of the arti- 
cisa and to crush buttons. 

^Bashing tnachiney 
repetasrted in Fig. 2736, 
cofts^of a water-tight case 
w@i a raised edge in which 
a« plafied the bearings on 
^handle. Thewash-l^ard 
is atadied to the depending 
arm of the lever in such a way that the latter is easily moved. The clothes are placed in the case, 
and by moving the lever up and down as in pumping they arc thoroughly rubbed, squeezed, and lifted 
at ca<i stroke. The action of the lever is added by a compensating ball, as shown in Fig. 2737, in 
vhkh A is the case, B the wash-board, C the lever-handle, and D the compensating balL 
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To wash any fabric properly, it is of the utmost importance that the water be pure. Many exten¬ 
sive laundries have found it necessary to build lai^e charcoal and gravel filters in order to render the 
water fit for use. Water that is very hard, containing large quantities of lime, will not properly 

8786 . 
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wash the goods, besides being injurious to the fabric. With regard to the soaps used, it may be 
noted that many which serve excellently for the household laundry are not suited for employment in 
connection with the machines. Those which have been found best adapted for extensive laundry 

work are manufactured from 



pure tallow and an alkali—in 
one case, caustic soda. Many of 
the soaps offered for laundry 
purposes are so loaded with ros¬ 
in and the silicates as both to 
injure them and to render them 
unnecessarily expensive. 

Wringing Mackina, — After 
having been thoroughly washed, 
it is necessary that as much wa¬ 
ter as possible be extracted from 
the go^. The more perfectly 
this is accomplished, the better 
they will take the starch. Wring¬ 
ing is effected either by the hy¬ 
dro-extractor or by means of a 
power-wringing machine. 

Fig. 2788 represents the Tbi- 
Atirs/ extreuior^ which conusts 
of a perforated copper basket 
inclos^ in a cylindrical case. 


Motion is imparted to the basket at the rate of 1,000 rerolutions a minute by of a Pe^<^ 

ular shaft driven by a comer-turned belt over two loose pulleys. The base of the sh^ is exp^ded, 
and underneath it are placed three rubber balls, the object of which is to prevent tipping or wabbling 


as the revolutions of the basket are re¬ 
duced and the basket is brought to rest. 
This machine will remove the water from 
almost any article, but is specially adapted 
for use in collar and cuff laundries. 

The Universal wringer^ Fig. 2739, in¬ 
sists of two parallel rolls of vulcanized 
rubber fitted to shafts having at one end 
a double set of gears, which arc arranged 
with long and strong alternate double sets 
of cogs on the same wheel. The arrange¬ 
ment of the cogs is shown in Fig. 2740, 
and is such that they cannot work later¬ 
ally out of their places or bind. The 
rims between the teeth being of equal 
size, they roll easily when pressed togeth¬ 
er. The uppermost roller is set in loose 
boxes, upon which pressure is applied by 



means of a wooden spring, as shown in ^ 

Fig. 2741. In attaching the rubber rolls to the iron shafts, considerable diflnculty has been exp^ 
ricnced from the fact that the sulphur of the rubber unites with the iron, rendering the metal porous 
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The robber is also rapidly softened and destroyed. To obviate this difficulty, the shaft is first var¬ 
nished, then wound with linen thread, after which several more coats of varnish arc applied, and 


2740 . 8741 . 




finally the whole is covered with rubber cement. In the lar^ sizes of the Novelty wringer, where 
great strain comes upon the rolls, they are perforated with holes for six lateral shafts, which fit into 
caps on each end of the main shaft. Fig. 2742 is a section of the roll By 
this means any loosening of the rolls on the shaft is effectually prevented. 

STAKCHixa. —The Dipping Whed .—From the wringer the goods are taken 
to the dipping wheel. This consists of a cylindrical case hung upon a hori¬ 
zontal axis. The goods are put into this wheel with a certain amount of 
dipping starch, which is made by boiling wheat or com starch and water 
tocher for 16 minutes, and adding an exact amount of aniline or ultra¬ 
marine blue, the latter being preferred for shirts. The method of preparing 
the bluing differs in various laundries. It is rather an odd fact that goods 
are blued to suit the whims of various consumers in different sections of the 
country. Thus new collars, cuffs, etc., for a southern market are made of a 
tinge different from those intended for a western market, the hues running 
through changes of yellow, green, and blue. The names of the chemicals used for this purpose are 
trade secrets, as each firm ^ve special receipts of their own. The starch used should be of the best 
possible quality. Ck)m starch is considered preferable, not only as containing more starch and less 

Viter and gum, but also for sanitary reasons. Ferment^ starch is always liable to a refermenta- 

tkm, and iher^ore is 
not only deleterious to 
l^lth, but also destruc¬ 
tive to the fabric to 
vhieh it is applied 
Pure chemical starch 
gives the best results 
the starch chiefly used 
in the great laundries 
of Troy, N. T., is thax 
made by the Glen Cove 
iWch Company. This, 
by chemical analysis, 
gives the follovring com- 
po^on: Starch, 85.62; 
moisture, 14.11 ; ash, 

.26; total, 99.99. The 
material contains no 
putreadble or poisonous 
substance, and is ex. 
oeedingly pure. The 
goods are left in the 
dipping wheel for 16 
minutes, which time, as 
the wheel revolves very 
rapidly, is sufficient 
tboro^ly to incorpo¬ 
rate the starch with the 
fabric. From the wheel 
the goods are sent to 
the rubbing or forming 
room. 

The term “ forming ” 
is applied to a process 

in which a second quality of starch is thoroughly rubbed into the texture of the article, the object 
being to remove all wrinkles and straighten out the material, so to speak, into the proper shape for 
ironing. The starch used for this process is boiled for one hour, the bluing (generally aniline) being 
Boxed with it. Forming is performed either by machines or by hand. 
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Starching Machines. —Fig. 2748 represents the Oakley & Keating starcher. It consists of an iron 
framework supporting a horizontal shaft with double cranks, which actuate with a redprocaiing mo¬ 
tion two arms having corrugated rubbing faces, working vertically in the starching box, which con¬ 
tains the rubbing starch. The goods being inserted between the arms, the motion of the faces rubs 
in the starch. The goods have then to be finished by hand, as no machine as yet invented completely 
accomplishes the object desired. As soon as the goods are formed, they are hung upon frames sup- 

ported on iron ways, and are taken into a 
steam-drying room. When dry, they are re¬ 
moved and dampened, either by being sprin¬ 
kled, or, in the case of collars and cuffs, by 
being rolled in wet sheets and left for one 
hour, when they are packed in boxes and sent 
to the ironing room. 

Ironing. — Mangles .—The domestic mangle. 
Fig. 2744, consists of two parallel rolls of hard 
wood run by suitable gear. The upper roll is 
fitted with loose boxes, and the required pres¬ 
sure is regulated by screws. These machines 
are used for sheets, blankets, and other large 
articles in which no starch is used. 

There are three principal forms of hot man¬ 
gles. In the mangle of the Troy Laundry 
Company, the heat is supplied to the rollers 
by the combustion of gas within the ironing 
roller. The apparatus consists of an iron 
framework supporting a revolving ironing 
roller, 6 inches in diameter, immediately un¬ 
der and in contact with which is a drum cov¬ 
ered with felting. The drum and ironing roll¬ 
er revolve at the same rate of speed. A small 
blower is set in the framework, and is used 
to supply the air which mixes with the gas. 
By means of a compound lever much or little 
pressure can be exerted upon the drum, de¬ 
pending upon the quality of the articles passing through the machine. Where polish is desired, the 
ironing roller is made to revolve faster than the drum, by changing the size of the gear-wheels. The 
capacity of this machine is 2,000 table-cloths or 10,000 napkins a day. 

The French steam mangle, Fig. 2745, is composed of a steam-chest A and a revolving cylinder B. 
Steam is admitted at the exhaust passing off at F. i) is a gauge-screw, which is used to regulate 
the pressure, the cylinder being fitted with loose boxes. The speed of the cylinder is regulated by 
the beveled gearing at C. This machine does its work by compressing the goods between the cylinder 
and the steam-chest. The 
rate of speed is low. The 
cylinder has two jackets of 
felting covered with muslin 
to absorb the moisture. 

The third style of hot 
mangle consists either of a 
roller or stamping iron, in 
which a bar or block of 
metal is placed, which has 
been previously heated to 
redness. This style is little 
used, as the heat produced 
varies to such an extent as 
to render the ironing very 
uneven. 

Ironing Machines have 
been constructed under all 
three of the principles men¬ 
tioned. Experience has 
proved, however, that gas 
is best adapted to the con¬ 
ditions re<iuircd, and is less 
expensive. 

Fig. 2746 represents the 
Wiles & Adams ironing ma¬ 
chine, which consists of two pairs of revolving dnims and ironing rollers, supported in an iron frame¬ 
work and connected with suitable gears. Collars, cuffs, and other articles of cloth, generally have 
one side w’hich must present a nicely finished ironed surface, while the other side need not be thus 
finished. In practice the best finished surface is produced by the last ironing roller to which the 
articles arc subjected. In this machine the articles are first introduced by hand and in a damp con¬ 
dition between the first set of rollers, B ( 7 , Fig. 2747, and are thereby considerably dried, and qen- 
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erally ironed sufficiently on one side. They are thence directed by the guide and conducted by the 
feeding device—which consists of an endless apron made of linen warp with fine cane run through 

it, revolving from front backward 
—over two geared rollers, so as to 
have the same surface-speed as the 
clothed drums. The fabric passes 
to the second set of rollers, D 
which finish the drying of the arti¬ 
cles and iron the other side com¬ 
pletely, discharging them upon an 
apron or table. It is important 
that the most highly finished sur¬ 
face should be uppermost when 
leaving the machine, so that the at¬ 
tendant can detect imperfections, 
and repass the article if necessary 
between the last set of ironing and 
clothed rollers only. To secure this 
result, the machine is so arranged 
that the first set of rollers with the 
clothed roller C is over the ironing 
roller and the second and last 
set of rollers with the ironing roll¬ 
er D over the clothed roller and 
an open feeding-in space J is pro¬ 
vided between the roller D and the 
roller C. The two clothed rollers 
C and E are connected together and 
to the driving-shaft by a set of gear¬ 
ing, so as to be positively turned 
with substantially equal surface-speed by that shaft; and the two ironing rollers B and D are geared 
with the same (Mving-shaft by another and separate train of wheels, which communicate substan¬ 
tially equal surface-speed to the ironing rollers. The surface-speed of the clothed rollers is about 
3.6 per cent faster than that of the ironing rollers. 

By thus connecting the two clothed rollers C E 
with the driving-shaft by one set of gearing made 
changeable, and also connecting the two ironing 
rollers BD with the same driving-shaft by another 
and separate set of gearing also made changeable, 
the surface-speed of the clothed rollers can be read¬ 
ily altered, so that they are turned either at a slow 
rate of speed suitable for ironing very thick arti¬ 
cles, or at different faster rates as is desirable or 
oeoessary in ironing various thinner articles. All 
this is done without altering the speed of the driv- 
ing^shaft; and at the same time the surface-speed 
of the ironing rollers can be changed so that they 
wOl be turned either with the same surface-speed 
u the clothed rollers to give a lustreless or domes¬ 
tic finish, or to a faster speed to produce a glossy 
ironed surface on one or both sides of the article. 

Higher finish on one side of the articles than on 
the other is effected by the greater pressure exerted 
during the passage through the last pair of rollers, 
by means of compound levers. 
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the strain exerted on the first 
pair is about 200 lbs., and on the 
last pair 2,000 lbs. Upon the 
lever is the seat R, The weight 
of the person feeding the articles 
causes or assists in pressing the 
clothed roller E against the iron¬ 
ing roller i>, with a yielding force 
that is necessary in ironing the 
articles. Hence, when the person 
stops feeding and gets off the plat¬ 
form, the pressure is removed and 
the rollers are separated. 

The ironing rollers B D are 
constructed of cast iron and made 
hollow, and are heated internally by a mixture of gas and air. The principle of the burner, ilg. 
274fi, is that of the Bunsen burner slightly modified. Fig. 2749 is a section of the burner, which is 
placed within the ironing roller and is stationary. At one end of the roller is situated a pipe, which 
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conveys to the chimney the products of combustion. The burner itself consists of a ^lindrical tube 
Fig. 2748, which contains the tube /. The gas and air admixture (gas one par^ air ten parts) is 
brought to the tube I by rubber tubing having gauge-cocks to provide for regulating the amount of 
admixture. At O O Are orifices in the tube /, where ignition takes 
place. With the ordinary burner it is found that in tubes of a 
small diameter combustion of the gaseous compound is not entire, 
owing to a deficient supply of oxygen. The consequence is, that 


the inside of the ironing roller soon becomes covered with soot, 
which not only prevents the heating of the roller, but also sifts 
out over the g^s during their passage through the machine. To 
obviate this difficulty, a current of pure air is forced by means of 
a small blower through the inside of the tube 
in the space /, outlets JI being provided imme¬ 
diately in apposition to the gas outlets O. By 
this arrangement good combustion is secured, and 
the perfect heating of the ironing rollers is the 
result. 

In ironing machines made with an ironing roll¬ 
er turning against a clothed roller, the water or 
moisture that is driven out hot from damp articles 
is absorbed by the fibrous covering, so that the 
latter becomes quite wet To prevent oxidizing the metal of which 
the drum is made, a layer of three-sixteenths of an inch of vul¬ 
canized rubber is first laid over the metal. In order to lessen the 
heating of the rubber, the body of the roller is made in the form 
of a thin metallic shell more or less open at the ends. The rubber is surrounded by three jackets of 
felting, in all one-fourth of an inch in thickness. Over this are wound 6 yards of canton flannel and 
10 yaids of muslin; the whole is secured by recesses in the cylinder and tightly fitting clamping- 
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rings. The speed of the rollers in ordinary work is about 6 revolutions a minute, and their capacity 
is 1,000 dozen of collars and cuffs a day. 

Fig. 2760 represents a collar-finishing machine. Many of the collars worn at the present day have 
points which are turned down; and as the process of turning down brings that side of the collar into 
view which has the less highly finished surface, it is necessary to re-iron the under side of the points 
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The machine used consiata of a plunger-iron heated by the gas-burner, os described in the Wiles ma- 
diine. Under the plunger and over the bed passes a belt of felting to absorb the moisture, and the 
pinnger is lifted and brought down by pitmans fastened to the crai^-pin. The belting is rotated by 
a beveled goring moving the length of the bed at each lift of the plunger. 

The edge is raised on collars and cuffs by means of the machine shown in Fig. 2751, consisting of 
tvo cold narrow steel rolls, between which the article is passed. 

Fluting is accomplished either by pressing the articles between a fluted sadiron and similarly fluted 
base-plate, or by passing the materi^ between fluted parallel rollers, as shown in Fig. 2752. 

The irons us^ for pressing the edges of turn-down collars are made in the shape shown in Fig. 
2753. Where a polish is desired, Japanese wax is lightly rubbed on the surface of the articles. 

Fig. 2754 is the laundry heater, used for warming irons for hand-finishing. The fire-pot or body 
of the stove has concentric rings around the outside, on which the irons rest. The fire-pot is in the 
shape of an inverted funnel, and is kept filled to the top of the upper door. The irons are kept 
immediately in contact with the portion in which the greatest amount of heat is generated. In 
summer the ou^de doors can be closed, allowing the heat which would otherwise be sent out into 
the room to pass up the chimney. As a strong fire is required, the ash-pit and under air-space are 
made large. G. H. B. 

LAWN-MOWER. See Agricultural Machinebt. 

LAT. Sec Looms. 

LEAD FURNACES. See Furnaoxs, Metallurgical. 

LEAD PENCILS, MANUFACTURE OF. This is ^e most important industrial application of 
paphite. (See Graphite.) The first operation is the grinding of the mineral in cannon-ball mills 
(see Mills, Grinding), after which the graphite is washed. The washing process is conducted in 
four casks, which are arranged on a series of successively higher platforms. The graphite is placed 
la the uppermost cask, with water, in which the particles arrange themselves according to their 
weight, the lightest and finest being nearest the surface. These are drawn off through a spigot, 
abomt one-third down from the top, into a second cask or vat, where the same rearrangement takes 
place; the finer portions are drawn off into the third, and finally into the fourth vat, so that in each 
of the four receptacles is graphite of different degrees of fineness. When the graphite contains 
lime and alkaline impurities, these are removed by acids; and in general it is so treated chemically 
as to renoove any foreign mineral substances. The clay with which the graphite is subsequently 
mixed comes chiefly from Bavaria; it is blue in color and of extremely &ie grain. This is also 
washed in a series of vats as above described. For pencils of the finest quality, graphite from the 
last washing vat is employed; for inferior grades, it is taken from the other vats, the coarsest 
material entering into the manufacture of the lowest grade of pencil. The clay and powdered 
graphite, on being mingled with water, are ground in paint mills, whence the compound emerges in 
a p^y oondidon. The quantity of clay added depends on the desired degree of hardness of the 
pencil, the grater proportion of clay entering into the harder leads. The paste is next placed in a 
big-preaa similar to that used for expressing oil from cotton or linseed; and the water being 
thus squeexed out, the material emerges in a thick plastic mass. This is placed in ^e metal 
cjlixider oif another press, in which cylinder, above the graphite, is a follower which is pressed down 
by mechanism from above. In the bottom of the cylinder is an aperture, the shape and dimensions 
of which depend upon the diameter and form of transverse section to be given to the finished lead. 
The mass under the heavy pressure spins out from this aperture like a thread, and is deposited on a 
board placed beneath the cylinder for its reception. When a sufficient quantity has thus been ex- 
’ pressed, it is removed. The filaments are straightened and dried on flat ^ards, and are then placed 
in formers and cut to the desired length, about 7 inches. The leads, 40 gross at a time, are next 
packed in square crucibles and subject to a white heat for about three hours, the time depending 
on the quantity of clay entering into their composition. They emerge hard, resonant, and rather 
brittle, and are ready for insertion into the wooden cases or coverings. The wood used for the latter 
is red cedar, and the supply for the entire world comes from Florida. It is there sawed to exact size 
in thin slabs 7 in. long by 2^ in. in breadth. On reaching the factoiy they are kiln-dried, and in some 
eases stained a darker color. The first process which the wood undergoes is planing and grooving. 
This is done by an ingenious special machine, which planes the side, and at the same time cuts six 
narrow parallel grooves therein. The slab is then ready to form a longitudinal half of six pencils, 
and two slabs joined grooved face to grooved face (the leads being inserted in the grooves), when 
cut in the manner bei^ter described, form the six complete pencils. The insertion of the leads 
and gluing of the faces is done by a series of workmen. No. 1 inserts the leads; No. 2 applies the 
glue to the faces; No. 3 places the latter together; and No. 4 inserts the slabs, many at a time, in a 
•crew press, where they are subjected to powerful pressure and left to dry for 24 hours. 

The next process is the dividing of the slab into individual pencils. This is simply done by a 
series of cutters, which cut the pencils apart longitudinally, and at the same time give them a 
cylindrical or polyangular form. The machines for coloring the pencils are admirably adapted to 
r^ace hand-labor. The pencils are placed in a large hopper, from which they fall one by one upon 
rollers, between which they are grasped and push^ rapidly through a vessel containing the stain. 
On em er g i ng from the latter, they fall upon a long endless belt; and while being carried along this 
they are dried, and fall into a receptacle placed at the end of the belt. Varnishing is done in a 
snfilar manner, and polishing by pimsing between smooth metal rollers. The ends are then cut by 
an ingenicKis contrivance, leaving the pencils exactly of a length. Nothing further remains to be 
done but to apply to the pencils the gilt stamp denoting grade, maker’s name, etc., and pack them 
in bundles for the market. 

The ** leads ” of red and blue pencils are composed simply of clay and coloring matter, prepared 
ki shape while plastic as above described, and subsequently boiled in stearine or wax. 
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LEATHER-WORKING MACHINERY. A large number of special machines are used in the 
preparation of leather, the majority supplanting hand-labor. One of the most important, as well as 
one of the first through which the hide passes, is 

The Hide MUL —This is a large w(^en drum or cylinder about 8 ft. in diameter and 4 ft. in 
height, water-tight, and having large wooden pins projecting radially from the interior concave sur¬ 
face toward its horizontal shaft. Near one end of the drum, and exterior to it, is a small iron 
pinion, whose shaft is parallel to the shaft of the cylinder, which engages the cogs upon the circum¬ 
ference of the drum, causing it to revolve from 8 to 20 
2755 . times per minute. The pinion-shaft is put in motion 

by a belt connected with shafting. The mill is used for 
stuifing light leather and for various other purposes. 


2750 . 





After stoning, skiving, and shaving, the sides are quite 
bard, and are put in the mill with some tan liquor to 
soften them and to make them porous. In stuflSng, a 
charge of about 20 sides, more or less, is put into the 
mill, with the proper amount of dubbing, and it is then 
set in motion for 16 or 20 minutes, when the milling is 
completed. 

For softening leather, instead of the device above described, a mill of the form shown in section in 
Fig. 2766 and in plan in Fig. 2766 is often used. It consists of a strong wooden box, with curved 
bottom and ends, as shown. An opening is provided at the centre for the escape of the surplus 
water. Tlie hides are worked by two plungers or hammers, which are reciprocated by the double 
crank shown. A mill of this form, of ordinary capacity, softens about 100,000 hides yearly. 

Flething Machines, —Fig. 2767 represents an ingenious machine for removing fiesh from hides, 
thus supplanting the fleshing-knife in the hands of the currier. The hides are placed on the curved 
bed, and the flesh is removed by the revolving blades h. These are of glass, with rounded edges, 

and have a slight play in order to 
* 757 . 7 ^ accommodate themselves to varying 

thicknesses of hide. They are held 
up to their work by spiral springs s. 
A new form of fleshing machine, ex¬ 
hibited at the Paris Exposition of 
1878 by M. Tourin, is illustrated in 
Fig. 2768. Its essential feature is the 
wheel By made of curved pieces of 
steel alternated with pieces of wood, 
which operates upon the surface of 
the skin beneath it. This wheel is 
adjusted to heights to suit varying 
thicknesses of skin by means of the 
lever A, The hide is clamped in 
place, and the table has a to-and-fro 
motion from left to right and hack 
under the roller, so that all portions 
of the hide may thus be brought un¬ 
der the action of the latter. The 
speed of the roller is 98 turns per 
minute. The motive power required 
for the machine is 1 horse, and its 
claimed capacity is 60 hides or 80 to 
100 sides per day. 

The Rochcr .—After fleshing, the hides are ready for the tan-pit, and here they are hung on a 
frame called a rocker, which is slowly moved by machinery, the oscillation being over about 6 inches, 
thus causing as little agitation to the liquor as is consistent with a gentle movement of the fibre of 
the green stock. Fig. 2769 represents an improved form of rocker. 

In order to transfer hides from one vat to another, reels are used, consisting of four<aided frames 
of bars placed parallel and rotated by a crank on a horizontal axle. The reel and its standards are 
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not fastened to the floor, and may be placed between any two pita aa required. The hides being at 
tsched together are led up from one pit over the reel and into the adjacent pit, and by turning the 
reel they are lifted and tranaferiW. _ 

The facility with which packs may be A ^ 

thus transferred from one vat to anoth- \\^ 

er oommenda this skeleton reel to all \\^ 

tanners. It is safe to estimate the per- \\ Vs. 

formance of this machine with two men \\ Vv Wa Ij h m 

ts equal to that of six men by the old \\ yl |R( ///A 

hand process. Besides, it does not re- \\ Vv \ i 

quire either man to stoop in his work, \\^^ \ 

and the labor is therefore much easier. 

The stand and skeleton drum should be \A\ 

made of as light material as possible, so I 

that its transfer from one vat to anoth- ^vliW 

er may be effected by the two men with 

Seottrifi^ Maehinet, —The processes *•. 

of hand-scouring done mechanically by 

these machines will be found described ' 

under LKATHEB-WoRxnio Tools. TAs 

Burdon scourer. Fig. 2760, is mainly 

emplojed for scouring on the grain, re- ^ ^ 

moving bloom, and softening and cleans- 
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ing the hide. It is especially applicable to harness, calf, sheep, and goat leather. Another fonn of 
apparatus for scouriug, known as the Lockwood machine^ is represented in Fig. 2761. This can be 
set at any angle with the line of shafting, and belted on either end from above or below. From 1 to 
8 horse-power is required to run it, accoi^ing to the thickness of leather being dressed. It is almost 
automatic in its movements, and is capable of a wide range of work, from the lightest to the heayi. 


the table, which is moved by the attendant upon the tracks shown. The platform of the table 
has a to-and-fro motion on its supports, so that any portion of the hide can be presented to the 
slickers as may be desired. This machine slicks from 60 to 70 sides daily, and is easily managed 
by one man. 

Graining Machine^ Fig. 2763.—This apparatus takes the place of the graining board operated by 
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hand. A is the graining board, which is oscillated by the pitman from the large gear-wheel shown 
on the right. The most important feature of the machine is the table which is made of a series 
of separate pieces arranged side by side like the keys of a piano. These pieces are supported on 




springs, which yield under the pressure of the graining board to an extent proportional to the thick 
ness of the leather. By this means the apparatus is enabled to work upon thin or thick hides with 
equal facility. Its capacity is from 10 to 12 sides per hour. Motive power required, 1 horse. 


Rolling and Hardening ,—^After being tanned, hides are dried and rolled to compress and harden 
them. Fig. 2764 shows the usual form of roller, the arm of which oscillates at about 100 double 
strokes per minute. 

m'5. 



at 
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Another and better form of roller is shown in fig. 2765. This has the advantage of not rolling 
the leather on a curved bed, and therefore does not tend to buckle the side. 

Instead of being rolled, hides are sometimes hammered. 

Whilenin^j Buffing^ and Skiving Machine. —A machine of this class is represented in Fig. 2766, 



and is very simple in construction. The leather is acted upon by a cylinder which contains S2 
knives or blades, inserted spirally. A sharpener is provided, which travels forward and backward 
across the edges of the blades. The cylinder revolves 2,780 times per minute, and the pendulum 



swings to and from the operator at a speed of 90 per minute. Power required, from 4 to 5 horse, 
acco^ing to the thickness of the leather. 

Leather-SpliUing Machine^ Fig. 2767.—This apparatus is used for splitting hides, the skin being 
carried by the rollers against a long fixed blade. It may be operated by hand-power. 

LEATHER-WORKING TOOLS—CURRYING. The various hand-tools used by curriers are illuf 
trated in Figs. 2768 to 2773. Figs. 2768 and 2769 are Jleshing kni^eSy and are us^ to scrape off the 
hide and to remove adherent flesh, lime, and dirt. Fig. 2769 is a German flesher. The hide, while 
being fleshed, is placed on the convex surface of an inclined beam, which consists, first, of a heavy 
block of wood upon which the currier stands. Into one end of this block is mortised a stiff block of 
wood, faced with light wood and then with a plate of mahogany or lignum vitas. The inclination of 
the beam. Fig. 2770, depends on the convenience of the operator, who holds the leather by pressing 
it against the beam with his legs and body. Fig. 2771 is a moon-knife^ 10 or 12 in. in diameter, 
and having a 4- or 5-inch hole in the centre into which the hands of the operator are introduced. The 
knife is concave, presenting the form of a conical zone. The concave part is applied to the skin. 
The edge is turned over a little, to prevent it from entering too far into the leader. The workery 
Fig. 2772, is a two-handled, blunt-edged knife, curved to suit the inclined rest of the beam-house, 
and used to scrape hides. A keen-edged knife is used in the beam-house to remove short hairs (new 
growth) from the hides. Fig. 2773 represents the currier's knifcy which is double-edged, rec¬ 
tangular, about 12 in. in length and 5 in. in width, with a straight handle at one end and a cross- 
handle at the other, the axe.s of both being in the plane of the blade. The latter is a plate of steel 
carefully and peculiarly tempered, and is ground to a straight edge by rubbing it forward and back- 
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T&rd on the nt^sione, which is a block of sandstone placed on a strong trestle of oonvenient height. 
The upper surface should be a perfect plane. Rub-stones of Nova S^tia sandstone are cylindrical, 
about 8 in. in diameter by 1 ft. in length. The scratches left on the blade by the rub-stone are re- 
mored by rubbing on a fine Scotch or Welsh clearing-stone, which leaves a wire edge. The work- 


2771. 



man then takes a tuming-tteel^ and by rubbing it carefully from end to end turns the edge complete¬ 
ly over. To keep the knife in this condition requires the greatest skill, as it cannot be us^ for 
more than a minute without losing its keenness. To restore this, the point of a small steel (finger- 
tteel) is first run along the groove formed by turning the edge over, and then the steel is made to 
pass along outside the edge. When used, the plane of the kn^e-blade is held almost perpendicularly 
to the skin. 

In the operation called skiving^ the skin is laid over the beam, and the rough fleshy portion is 
shared off by the currier driving his knife obliquely a few Inches at a time, keeping the right-hand 
handle slightly in advance of the left-hand one in the downward motion. In shaving^ the knife is 
driren from the top to the bottom of the beam, thus taking off slice after slice, removing all the in¬ 
equalities left after skiving, and making the leather of uniform thickness, with a fine smooth face on 
the flesh side. Flattening is the same as shaving, except that in some cases the skin after skiving is 
shared a<To» (i. e., nearly at right angles to the skiving), and then flattened by being shaved again 
in the same direction as the skiving. 

Stoning consists in forcibly driving the atockstone over the leather, in order to stretch the material, 
remove inequalities, and render the grain smooth. The North River and Walpole scouring stones 
are generally used. The stone is flat and rectangular, and is fixed to a handle. Its dimensions are 
about 6 in. in length and half an inch in thickness. Slicking consists in removing water and grease, 
scraping the leather, and eradicating the superfluous marks left by the stock-stone. The steel slicker 
ased for this purpose is represented in Fig. 2774. It is a rectangular piece of steel about 5 in. long. 
The edge is also a rectangle, and is sharpened upon the rub-stone by grinding it perpendicularly and 
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then upon each side. Slickers of glass or lignum vitse have rounded edges, and are chiefly used to 
smooth out and polish leather. The buffing slicker differs from the others in having a narrower, 
iooj^, and very much thinner groove running along it, thus foiming two very keen cutting edges, 
which are kept in proper condition by the finger-steel. It is used by placing one edge and the stock 
flat upon the leather, the latter being stretched upon the table, and forcibly pushing it forward, 
taking off thin shavings from the grain surface. When one edge is dulled, the slicker is turned over 
and ^ other side used until it loses its edge, when the finger-steel must again be brought into use. 
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Whitening taxes the skill of the currier perhaps more than any other operation. The leather is 
laid over the beam, and with an extremely fine^ged knife a thin shaving is taken from the flesh 
side. This may be performed by the whitening tlicker^ Fig. 2776, which differs from the buffing dieker 
only in having a very narrow rectangular edge. In this case the leather is placed on a table, and 
the slicker is laid flat upon it. The tool is then driven with great force repeatedly down the length 
of the side, taking off parallel and very thin shavings. The edges of the slicker must be so true 
that not a scratch shall appear on the surface of the leather. Graining consists in giving to the 
leather a granular appearance upon the grain side by either the graining hoard or pebbling machine. 
The graining board is a rectangular piece of wood with the upper surface plane. The lower surface 
is convex and fluted with grooves parallel to its length. A leather strap attaches it to the hand or 
arm. The grooves are coarse or fine as occasion requires. Bruiting consists in doubling the grain 
side of a hide together and rubbing it on the flesh with a graining board. Doubling the leather 
with the flesh sides together, and driving the fold forward and drawing it backward by the graining 
board, is called boarding. Its object is to make the leather supple and raise the grain. A kind of 
graining board often employed is made of cork and has no grooves. 

Scouring is done either on the flesh or on the grain. The scouring table is large and firmly built, 
and has a top usually of slate or marble. It is about 12 ft. long and 4 ft. wide, and is so con¬ 
structed that the water used in scouring may pass off readily upon the side opposite to that on which 
the workman is engaged. In scouring on the fleshy the skins are spread out and set on the scouring 
table by passing a steel slicker over the flesh side, which brings the grain in close contact with the 
table, so that close adherence is caused. A bountiful supply of water is rubbed briskly over the 
flesh side with a stiff brush, and in this way the pulpy portions of the surface are scrubbed off. The 
skin then presents a soft whitened appearance. In scouring on the grain^ the skin is set on a scouring 
table by a slicker which stretches it and at the same time loosens the bloom. This last is a yellowish 
deposit on the grain side derived from the bark in tanning. Its ease of removal depends on the 
nature of the water. The softer the water, the more readily can the bloom be removed. Tbe grain 
side is kept uppermost, and is smartly brushed with a stiff hair-brush, using at the same time 
plenty of water, when the slicker is again used to remove the water and loosened bloom. 

LEVER. See Statics. 

LEYDEN JAR. See Electric Machines, Static. 

LICKER'IN. See Cotton-spinning Machinery. 

LIFE-BOATS. Vessels constructed especially for the preservation of life in case of shipwreck. 

Shore Life-Boats.—The qualities necessary to these craft, as summed by the Royal National Life- 
Boat Institution of Great Britain, are: 1, great lateral stability or resistance to upsetting; 2, speed 
against a heavy sea; 8, facility of launching or taking the shore; 4, immediate self-discharge of 
any water breaking over her; 6, self-righting if upset; 6, strength; 7, storage room for a large 
number of passengers. 

Figs. 2776, 2777, and 2778 represent in detail one of the most improved forms of English life¬ 
boats. Fig. 2776 represents the sheer plan. Fig. 2777 the deck plan. At a are the delivering 



tubes; 6, air-cases; c, well; </, air-cases; tf, empty air-cases under deck ; f fore air-compartment; 
g, after air-compartment; A, air-cases; A, mast-thwart; and «, air-scuttles. Figs. 2779, 2780, and 
2781 show respectively the sheer plan, deck plan, and cross-section of the American life-boat. This 
is an ordinary surf-boat of cedar, weighing about 700 lbs. The mode of conveying life-boats on 
carriages to the beach for launching is shown in Fig. 2782. 

A number of the principal varieties of life-boats in use in England are represented in Figs. 2783 
to 2794.* Fig. 2788 represents the North Country or improved Greathead plan, now nearly obsolete. 
These are the widest rowing life-boats in existence, some of them having as much as loV to 11 ft. 


* From a paper by Cbarlea II. Beloe, C. E, in Scien^fie American^ xxxi., 18. 
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beam with a length of 30 ft. At A are air-tight compartments, and at ^ is a water-tight deck. 
Fig. 2784 represents a Norfolk and Suffolk sailing life-boat, which is of little value under oars. 
These boats measure from 39 to 46 ft. in length, and from 10| to 12 ft. in breadth. Figs. 
2785, 2789, and 2790 are plan and sections of a self-righting life-boat of the Royal National 
Life-boat Institution, similar to the one in Figs. 2776 to 2778. A represents the water-tight deck; 
By the relieving tubes; 

C, the side air-cases; i), 
the end ^-chambers; 

Ey the ballast; Fy scut¬ 
tle to admit of a free 
current of air under the 
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cases; By the relieving tubes, of the same depth as the space between the decks and the boat’s floor 
C C, Fig. 2790, are spaces beneath the deck, placed lon^tudinally at the midship part of the boat 
and fill^ with cases packed with cork forming part of the ballast; D, scuttle for ventilation, hav 
ing a pomp fixed in it, by which any leakage beneath the deck may be pumped out when afloat. The 
ictual time occupied by one of these boats in freeing itself from water is about 30 seconds. 


2782 . 



Figs. 2791 and 2792 represent two boats built on the tubular principle. That shown in Fig. 2791 
has a length over all of 40 ft.; diameter of tubes, 3 ft.; distance apart, 3 ft. 6 in. In Fig. 2792 the 
tubes, instead of being circular, are flat on the inner sides. Their ends are not brought together, but 
the inner sides remain parallel throughout, and have a sort of bow or cutwater at one end. The 




dSmensionB are as follows: Length, 36 ft.; breadth, 10 ft. 2 in. outside tubes, 9 ft 8 in. outside gun¬ 
wales ; diameter of tubes, 3 ft. 

8hip^ Life-Boais ,—The essential requirements of these boats are: 1, buoyancy sufficient to insure 
tbat the bo^ be manageable when, in .Edition to the number of persons and additional dead weight 
(if any) she is intended to carry, she is filled by a sea; 2, the fittings or appliances by which such 
buoyancy is obtained to remain sufficient under all circumstances of climate and temperature, as well 
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as under exposure to sun, weather, and salt water; 3, fitness for use as an ordinary ship’s boat; 
4, strength; 6, durability; 6, lateral stability, or resistance to upsetting on the broadside; 7, relief 
of water to the outside level; 8, cheapness; 9, simplicity of structure; 10, lightness. It will be 
seen at once how different are the conditions from those of a shore life-boat, and how the latter 



sm 04. 



would fail to comply especially with requirements Nos. 8, 8, 9, and 10. Self-righting is not consid¬ 
ered as essential; in fact, boats in an open sea are far less likely to be upset th^ in the heavy 
breakers near the shore. 

Hamilton’s life-boat. Fig. 2798, is 26 ft. long by 7 ft. beam, with the crew on board and the water 
admitted to the outside level This boat has a freeboard of 20^ in., and with 15 additional passen¬ 
gers the freeboard is reduced to 12 in. It is built of galvani^ corrugated iron, and has special 
means for ejecting the water, as follows: The two plug-holes, 8 in. in diameter, are placed in the 
centre of the boat, and a water-tight bulkhead is fixed on each thwart on opposite sides of the plug¬ 
holes. Each of these bulkheads is furnished with a simple flap-valve opening inward. In the event 
of the boat shipping a sea, she is turned head to the wind; and as the how rises to the waves, all the 
water contained in the fore part of the boat passes through the valve in the foremost bulkhead, but 
cannot pass the second one; consequently the water is heaped up in the space between the two 
bulkheads. As the bow falls again the valve closes, and the water of the centre will be higher than 
the outside level if the plugs have been left in; on withdrawing-them, it will fall to the level of the 
sea. The same process is repeated as the stem rises, and a few movements of the boat are suffi¬ 
cient to free her from water, with the exception of about one inch at the bottom. 

Lamb & White’s life-boat, fig. 2787, shown in cross-section, is built of two thicknesses of plank, 
with prepared water-proof material of an adhesive nature interposed. 

Combe’s cork and canc life-boat. Fig. 2794, is composed of two baskets placed one inside the other, 
and secured by a deep wooden keel, the space between the baskets being filled with cork. One great 
advantage of this form of construction is its lightness, a boat 25 ft. long, 8 ft. beam, and 8 ft. 4 in. 
deep weighing but one ton. 

LIFE-PRESERVERS. The essential qualities of these devices are as follows; 1, sufiicient extra 
buoyancy to support a man heavily clothed, with his head and shoulders above the water, or to enable 
him to support another person besides himself; 2, perfect flexibility, so as to readily conform to the 
shape of the wearer; 8, a division into two zones, an upper and lower, so that between the two it 
may be secured tightly round the waist; for in no other manner can it be confined sufficiently close 
and secure round the body without such pressure over the chest and ribs as to materially affect 
the free action of the lungs, impede the muscular movement of the chest and arms, and thereby 
diminish the power of endurance of fatigue, which in rowing boats is a matter of vital importance; 
4, strength, durability, and non-liability to injury. Life-preservers have been made of various other 
forms and materials, the object in view being to furnish a very buoyant article that can be readily 
and securely attached to the upper part of the person, or seized and held by those in the water. 
Hollow vessels of wood or tinned iron, made air-tight, and shaped so as to serve on board the 
vessel as seats, have been much used. In one form the seat is made double, and, opening on hinges, 
forms a rectangular fioat, in the centre of which is an aperture sufficient to admit the body of a 
man, his arms hanging over the sides. Bags of caoutchouc, so made as to be readily filled with air 
by blowing into them, and shaped for fitting round the neck or body, have also been largely employed 
for life-preservers; and they have been made into vests, shirts, and jackets, which can be distended 
with air, giving great buoyancy to the person wearing them. 

One of the best life-preserving belts is that devised by Captain Ward, R. N., and largely used in 
all life-preserving services. The body of the belt is composed of light fiax canvas, tarred to prevent 
mildewing; and the best of cork is firmly sewed on in slabs without covering. It sustains a dead 
weight of 28 lbs., a buoyancy of 16 lbs. only being necessary to support a living man in the water. 

Merriman’s life-preserving dress has achieved wide reputation through the extraordinary perform. 
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iDOCS of Mr. Paul Boyton. Attired in this garment, he has successfully crossed the Straits of Gib¬ 
raltar, a direct distance of about 30 miles, during a heavy sea, in 17 hours, has made a voyage of 
600 miles on the river Tagus in Portugal and Spain, shooting several dangerous rapids and cataracts, 
•nd has traversed the Ohio and Mississippi rivers. The dress consists of an India-rubber head¬ 
dress, jacket, and pantaloons, the two latter connected by a joint around which is secured a belt to 
insure the junction being air-tight. It weighs about 14 lbs., and can be inflated in a minute and a 
halt The contained air serves to keep the body warm as well as to buoy it up. When in the water 
the wearer floats upon his back, having about one-third of his body above the surface, and propels 
himself by means of a paddle operat^ by the hands, or by the aid of a small sail attached to a rod 
fastened to one foot. A can for holding water and provisions and a small signal flag are provided 
with the suit. 

Li/e-Buoyt are floats carried on board ship and intended to be thrown to persons who have fallen 
orerboard. The commonest form in which they are made is that of a ring al>out 80 in. in diameter, 
6 in. wide, and 4 in. thick. This is made of painted canvas, and is Ailed with about 12 lbs. of cork. 
The life-buoys used in the U. S. Navy are constructed on Cook’s plan. Each consists of two hollow 
metal cylinders, with rounded tops and bottoms, united by a horizontal bar through which passes a 
strong vertical metal tube. The lower portion of this tube is weighted so as to keep the buoy 
upright, and has a cross-piece on which the person clinging to it should place his feet, grasping the 
staff above the cylinders with his hands. On top of the staff is a small platform on which is placed 
a coil of port-fire. The buoy is usually suspended over the stem of the vessel by a slip-catch, which 
is earily loosened by pulling a handle. Another handle is arranged to spring a trigger, which frees 
a gun-lock hammer, which strikes a percussion-cap and so ignites the port-fire, which bums for some 
time after the buoy is in the water. These buoys are sometimes provided with a burning composi¬ 
tion with which phosphide of calcium is combined. When this substance becomes wet it gives off a 
gas which ignites spontaneously, and the flame is not extinguished in the water. 

LIFE-SAVING APPARATUS. The plan of establishing connection between a grounded vessel and 
the shore by means of a mortar-shot carrying a heavy line, was devised by Lieut. Bell in 1791; and 
be showed the practicability of the suggestion by an actual experiment in which a deep-sea line was 
carried to a distance of about 400 yards. He proposed that the gun should be carried on board 
ship, and intended that the plan should thus be put in practice, leaving the converse idea that mor¬ 
tars should be located ashore at various stations along the coast merely in the form of a suggestion. 
A description of Bell’s invention appears in the “ Transactions of the Society of Arts,” xxv., 136. 
In 1810 Capt. 6. W. Manby, R. N., made numerous practical applications of this last-mentioned idea 
of Bell. Oflictal experiments conducted on Manby’s system proved successful, and it was finally 
adopted. Manby first used a pear-shaped shot, and connected his rope to it by a line of plaited hide; 
but later a spherical 24-pounder shot or shell filled with lead, having an eye-bolt rivet^ into it, for 
the attachment of the hide rope, came to be employed. In 1857-58 further experiments were made 
on the apparatus by CoL Boxer, superintendent of the Royal Laboratories, England, which resulted in 
the invention and ^option of the forms of Manby shot now in use at English life-saving stations. 
These forms are the lU-pdr. oblong or i^lindrical shot shown in Figs. 2795 and 2796, and the 6-pdr. 
ipherical. The first is a cylindro-conoidal projectile with a slightly rounded base, and measuring 
about 1^ calibre in length. It is provided with a wrought-iron bolt, to which is attached a plaited- 
hide thong. Four holes are drilled in the shot to receive fuses. The latter serve by the bright light 
whidi they give forth to indicate the path of the shot, and to guide the firing party in laying the 
piece. The projectile is placed in the gun with its base toward the muzzle, and upon the discharge 
of the piece carries out the line. The range varies from 400 yards downward, according to the 
strength and direction of the wind. A complete description of Manby’s system, and a discussion as 
to the priority of his invention, appears in “Ammunition,” Majendie, London, 1867. 

In the Frendi life-saving service two guns are used, known as leperrier and Pespin^ole, Their weights 
are respectively 188 and 44 lbs., and the weights of their projectiles 11 and 4.4 lbs. The extreme 
ranges are respectively 855.48 and 196.85 yards. In their report of Nov. 17, 1866, the French 



Commission appointed to consider the subject of life-saving apparatus expressed the opinion that 
Uperrier with a projectile weighing 11 lbs. and 5 oz. of powder, for ranges of 328 yards, and Pespin- 
$oU, with a projectile of 4.4 lbs. and If oz. of powder, for ranges of 197 yards and below, would be 
suffident for all their needs. More recently in France M. Delvigne has invented a gun for projecting 
line-carrying arrows. These are either of wood or iron, the latter being used when the ranges are 
kmc and wind contrary. In 1872 a gun of this kind, weighing 44 lbs., gave a range of 828 yards 
wito a wooden arrow weighing 17.68 lbs. and a shot-line .315 of an inch in diameter. The iron 
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arrows are about one-third longer than the gun, and about half the length of the arrow is in the gun 
when ready to fire. A description of the Delvigne gun appears in **life-Boat8, Projectiles, and other 
Means of ^ving Life,” by Capt. R. B. Forbes (1872). » 

The U. S. Army Experiments in 1878.—^An exceedingly valuable series of experiments on life-sav¬ 
ing projectiles and guns has been made by Lieut. D. A. Lyle, U. S. Ordnance Corps, the full report 
of which appears in Report of Chief of Ordnance U. S. A.” for 1878. After various trials of riSed 
guns in comparison with smooth-bores, it was determined that the latter were best adapted for the 
purpose. Three guns are recommended, namely: 8-inch for 800 yards or less, with heavy lines; 
2.5-inch for ranges of 400 yards and less, with service-braided lines; and 2-inch for 260 yards or 
lesd, with service line. These guns are chill-cast bronze, and the form is shown in Fig. 2797, which 
represents the 2.5-inch piece. # 

Projectiles. —^These are modifications of Manby’s shot, the calibre and weight being reduced. Fig. 
2798 represents the projectile used in the gun illustrated in fig. 2797. It is of cast iron, 15.7 in. 
long, and weighing 19 lbs. A wrought-iron shank or eyebolt is provided in the rear as shown. 

Shot-Lines. —Linen lines are determined to be stronger than hemp, and to have more stretch per 
linear foot. Lieut Lyle considers that preference should be given to unbleached linen thread for the 
manufacture of shot-lines. Great care should be taken that none but the best thread be put in such 
lines, and that in braiding a continuous line, when the spools are changed, they should not all be 
changed at the same moment, else a weak spot is the result. Bleaching of any kind is harmful. 
Hemp is too brittle, and becomes very harsh after a few shots. 

Faking-Boxes are used to contain the shot-lines, and preserve them in readiness for firing at a 
moment^s notice. The construction of a box is shown in Fig. 2799. It contains a number of hickory 
pins and a false bottom which slips over the pins. About these pins the rope is faked in a peculiar 
way, three men being required to do the work properly. 

Fxteni of Jiange of Shot-Line. —^A range of 400 yards is understood to be about the maximum range 
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necessary for the requirements of the service along our coasts, and it is not probable that a hawser 
and life-car can be used with success over even so great a distance. 

Chandler's Anchor Mo/.—Capt. Ralph Chandler, U. S. N., has devise^ a shot with hinged anchor- 
flukes projecting from its sides and folding back into slots, as shown in Figs. 2800 and 2801, so as 
not to interfere with the entrance of the shot into the gun. A chain or wire rope is attached to the 
rear of the shot, and carried to the front of the shot through another slot. In using the shot, it is 
inserted into the muzzle of the gun far enough to bring the ends of the arms inside. The chain or 
wire rope is attached to the rear of the shot, brought out under the slot, the strap taken off, and the 
shot pushed gently home. The springs under the arms, always flaring or pushing them outward, ex¬ 
tend the arms as soon as the shot leaves the gun; and when the shot lands, the flukes enter and hold 
in the earth. Experiments were made on this device in July, 1878, with a 82-pdr. gun. The best 
results show that with 1 lb. 10 oz. of powder a shot weighing 78 lbs. was projected, carrying a line 
straight over a distance of 960 feet. 

The Live-Car. —After communication with the wreck has been established by means of the line 
and shot as described, a larger rope is attached to the line and hauled over to the ship by the people 
on board. By means of this rope a still larger one—^usually a 4-inch hawser—is got on board, and 
made fast as directed by those on shore by means of tallies attached to the line. The hawser is then 
set up taut by the people on shore, with tackles, sand-anchors, and crotches, and with the second or 
hauling line various appliances may be hauled back and forth until all hands are saved. The method 
of transporting persons from a wreck to the shore, used exclusively on the coasts of the United States, 
is by means oi a covered metallic boat, known as the life-car. Fig. 2802, which is sufficiently large to 
contain four grown persons or eight small children. It is made of light galvanized iron, and when 
the hatchway is closed is nearly water-tight. The time usually occupied in arranging the lines and 
sending off the car, after firing the mortar, is about 30 minutes; and with the apparatus in. proper 
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order the car can make the passage from the wreck to the shore, trayersing in each trip a distance of 
850 jards through a raging surf, within ten minutes. The life-car was introduced into the U. S. 
gerrice in 1849, and in the following year was instrumental in saving 201 lives from the British 
emigrant ship Ayrshire, cast away on Squan Beach, N. J., during a fearful snow-storm. This mode 
of conveyance of passengers from wrecked vessels was the invention of Capt. Ottingcr of the U. S. 
Kevenne Marine. Its advantage over every oth¬ 
er plan consists in landing women and children 
in perfect safety, and often without even get¬ 
ting wet. Fig. 2803 represents the life-car on 
the rope. 

Life-Satino Rockets may be used to carry 
lines to wrecked vessels when guns and shot of 
the type described are not employed. Boxer’s 
rocket is represented in l^lgs. 2804 and 2805. 

It consists of two rocket bodies, one being fixed 
in prolongation of the other, to give great length 
of baming and flight, without any sudden vio¬ 
lence, which might break the line which it car¬ 
ries, or irregularity from uneven burning. Thus 
it will be seen that instead of making one cav¬ 
ity in the rocket, two cavities are formed, with 
a portion of solid composition between them, so 
that when the solid composition is burnt through, 
the front cavity is ignited, thereby imparting to 
the rocket an additional impulse. The stick is 
fixed at the side of the rocket. The line is 
passed through a hollow at each end of the 
stidr, as shown, and the end of the line is se¬ 
cured by a common overhand knot; two India- 
rubber washers and one brass washer are placed between the knot and the stick, to reduce the effect 
of the sadden jerk which is given to the line when the rocket is fired. Fig. 2806 shows the method 
of coiling the line carried by the rocket in its faking-box. 

In 1870y 131 rockets fired successively at proof gave an average range of 373 yards, the maximum 
range being 470 and the minimum 330, the mean deviation being about 35 yards. As regards great¬ 
est range of rocket obtained under actual conditions, Mr. J. F. Spence, honorary secretary of the Tyne- 
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mouth (England) Life Brigade, states as follows: “ On the 8th of February, 1870, at 8:30 p. m., a 
large bark was stranded on the Spar Hawk, a spit of sand about half a mile east of the Black Midden 
Rodrs, at the mouth of the Tyne; she would be about 850 or 860 yards, at least 860 yards by mco- 
aarenuni^ from the nearest point of the rocks on which we could stand to use the apparatus. The first 
shot fell far short of her, we suppose because it had not sufficient elevation, and the line was wet. 
The second rocket was laid with a few d^ees more elevation, with a new rocket line quite dry and 
fresh, and flew right between her masts. The line is 250 fathoms in length. I think there might be 
10 or 12 fathoms of the line left in hand. The wind was S. E. by S., force 10, blowing almost athwart 
the line.’* 

In relation to celerity of rescue of people from a wreck owing to this mode of communication, the 
same authority reports the most remarkable instance as that of “ the schooner Light of the Harem, 
wrecked behind Tynemouth North Pier on the 8th of February, 1870. The rocket was fired at 30 
minutes past 4 p. m., and the first man was landed in 14 minutes, the last man (there were five of them) 
in 24 minutes, from firing the rocket.” 

For a full discussion of this subject the reader is referred to Lieut. D. A. Lyle*s paper already 
quoted in ^Report of Chief of O^nance U. S. A.,” 1878; also to article “Service, United States 
Life-Saving,” in the “American Annual Cyclopaedia ” for 1878. 

LIFTING JACKS. See Jacks. 

LIFTS. See Elevators. 

LIGHT, ELECTRIC. See Electric Light. 

LIGHTER, ELECTRIC. See Electric Gas-Lighter. 

LIGHTHOUSES, CONSTRUCTION OP. The materials used in the construction of lighthouses 
are wood, stone, brick, cast iron, and wrought iron. Stone, brick, and iron are the most important, 
and are used exclusively in all large lighthouses. The most noted lighthouses in the world are built 
of stone; and in northern climates, where the first cost is hot the great consideration, stone should 
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be exclusively used. The form of all stone lighthouses approaches more or less the frustum of a 
cone or pyramid. They are sometimes built to include the keepers^ apartments, but more usually they 
merely contain the staircase and cleaning and watch rooms, with a receptacle for the oil-butts. In 
all cases where large lighthouses are built of this material^ the masonry should be of the best cut 
stone, with hydraulic-cement mortar. The first cost should never be so limited that this prindple 
cannot be fully carried out. The same principle applies to brick lighthouses, which should be built 
of the best and hardest bricks, laid in hydraulic-cement mortar. The interior walls of all lighthouses 
should be as separate as possible from the outer walls, in order that there may be a free circulation 
of air between the walls. The dryness of the inner wall is insured by this arrangement, without 
which all large masses of masonry like large lighthouses must be constantly damp. The inner wall 
must of course be firmly tied to the outer shell by masonry or iron ties. 

Cast-iron lighthouses were first erected by 3[r. Alexander Gordon, an English civil engineer. Two 
were constructed in England, and were erected on the islands of Bermuda and Jamaica. From the 
fact that every part of the structure can be completed at the workshop, cast-iron lighthouses answer 
admirably for positions at points remote from large centres of manufacture, and are gradually coming 
into use. Several lighthouses of this kind have been erected at various places on the coasts of the 
United States. They require a lining of brick, the weight of which prevents oscillation or swaying, 
while its low conducting power of heat hinders the deposition of moisture on the weU-room of the 
stairs, which would otherwise be occasioned by the difference of temperature between the inside and 
outside of the tower. To further this latter object, space is also left for a current of air to fiow be¬ 
tween the iron and the brick. Another kind of iron lighthouse is the wrought-iron pile lighthouse. 
The lower ends of the iron piles are fitted with large cast-iron screws where the foundation is soft, 
and the piles are screwed to a firm bearing; or where the foundation is rock, these ends are sharp¬ 
ened, and the piles are driven into the rock or hard ground by an ordinary pile^river, until they come 
to a firm bearing upon cast-iron disks which bear upon shoulders forged on the piles. The number 
of piles depends upon the plan of the structure, which may be square, hexagonal, or octagonal. The 
foundation having been placed, the structure, which is of wood or boiler iron, firmly braced to the 
piles, and connected with them by iron castings, is easily built upon it. This kind of lighthouse was 
first built in England ; the screw-pile was patented about 1886 by Mitchell, and is called Mitcheirs 
screw-pile. It was introduced into the United States about 1845, and has since been used in the con¬ 
struction of many important lighthouses on the coast. Experience has shown that iron-pile light¬ 
houses are not suitable for foundations in water in climates where much ice is formed. The ice, 
moving in large fields, bends and sometimes breaks the piles, and, by forming upon the piles them¬ 
selves, makes the bulk of the structure so large that the effect of the waves upon it is very much in¬ 
creased. On this account it is not likely that iron-pile structures will be much used north of Chesa¬ 
peake Bay; but on the southern coasts they have oeen found particularly adapted to the necessities 
of the service, and about 70 of this class of structures, resting upon screw-piles and iron disks, now 
exist in the United States. Their annual cost for repairs is very small, a yearly coat of paint being 
alUthat is needed to keep the exterior in good order. They are particularly suited for bays and 
sounds in the southern waters, where light-vessels have been in use until the present time. As these 
vessels become in need of repairs, they are withdrawn, and a screw-pile lighthouse is built upon the 
site, at a cost not much exceeding that of the repair of the vessel, and with an annual expense of 
maintenance less than one-half of that of the vessel. 

Lighthouse towers are generally surmounted by parapet walls, which vary in height from 8 to 7 ft. 
according to the order of the light. Upon the parapet wall is placed the lantern in which the illu¬ 
minating apparatus is contained. The lantern is a glazed framework made of brass or iron, and 
varies in dimensions from 6 ft in diameter and 4 ft. in height to 12 ft. in diameter and 9 ft. in 
height. It is a regular polygon, and can be made of any number of sides, depending upon the vari¬ 
ous circumstances to be considered. It is surmounted by a dome construct^ of copper or iron, which 
is generally lined with some other metal, leaving an air-space between the two metals, to prevent 
condensation of moisture. A ventilator is placed upon the top, from which the heated air escapes, 
and registers are inserted near the bottom of the lantern to enable the keeper to regulate the supply 
of fresh air at will. Upon the convenience and proper construction of the lantern the efficiency of 
the lighthouse in a great measure depends. 

Lighihoute Maaonrg ,—^In Fig. 2807 are represented horizontal sections through the masonry of the 
Wolf Rock and five other lighthouses of the same general character, viz: Eddystone, Skerryvore. 
Inch Cape or Bell Rock, Minot^s Ledge, and Spectacle Reef. These sections are taken uniformly at 
10 ft. above high water, and are Interesting as exhibiting the different methods of arranging the 
dovetail joints of the stones to prevent displacement by the sea. The impact against a Hothouse 
depends upon the relation subsisting between the height of the waves at the place and the height 
and configuration of the rock above and below low water, and perhaps also upon the configuration of 
the bottom of the sea at the place. Several examples corroborating this view are given in “ The 
Design and Construction of Harbors,” Stevenson, Edinburgh, 1874. The author points out that while 
the rock at Dhuheartach, from its height above the waves, forms a protection against the smaller class 
of waves, it operates as a dangerous conductor to the largest waves, enabling them to exert a power¬ 
ful action at a much higher level than they would attain had the rock been lower. Hence the fact 
that the highest levels at which set stones were moved was at Carr Rock 8 ft. above high water, and 
at Dhuheartach 67 ft. above high water, may be accounted for by the different configurations of the 
rocks, without assuming that the waves are exceptionally high at Dhuheartach. The reader will find 
much useful information on the effects of storms on lighthouse masonry in the following works: 
“Account of the Skerryvore Lighthouse,” Stevenson, Edinburgh, 1848; “Account of the Bell Rock 
Lighthouse,” Stevenson, London, 1824; “Account of the Eddystone: A Historical Narrative of the 
Great and Tremendous Storm which happened November 26, i703,” London, 1769. 
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The Eddtfdone lighthouse is celebrated on account of the difficulties attending its construction, and 
the fact that it is the type of all structures of the kind which have since been erected. It is located 
on the Eddystone rocks in the English Channel, near the port of Plymouth. The highest part of the 
rock, upon which the lighthouse is placed, is about 16 ft. out of water at low water of spring tides. 
The first lighthouse on this reef was erec^ by Winstanley in 1699, and was washed away during a 
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peat storm in 1703. In 1709 Rudyerd completed another structure of wood and iron. This was 
destroyed by fire in 1756. In 1766 Smeaton undertook the construction of the present building, 
whidi is represented in Fig. 2808. He determined to use stone for the material, and the shape of 
the trunk of a lai^e tree as his model. The stones of a course were joined by dovetailing, and the 
different courses were connected by stone dowels. The upper surface of the rock was cut in hori- 
xontal steps, so that every course of ma¬ 
sonry rests upon a horizontal bed. The 
general form of Smeaton’s structure is 
the frustum of a cone, or more strictly 
that of a solid of revolution formed by 
rwolving a vertical plane bounded on one 
aide by a concave curve around a verti- 
(ri axis. The elevation, or a vertical sec¬ 
tion of the tower, indicates great strength. 

The diameter of the lowest partial course 
h 82 ft., and that of the fiM or lowest 
entire course is 26 ft. The diameter of 
the course under the coping is 15 ft., and 
the whole height of the masonry is 77 ft. 

The tower is surmounted by a parapet 
^ 6| ft. high and 8} ft. in internal di¬ 
ameter. The oombinations devised for 
obtaining the greatest strength in this 
tower by dovetailing, cramping, doweling, 
and by the use of hydraulic mortar, have 
never been surpass^. The experiments 
jnade by Smeaton on hydraulic cements 
in connection with the construction of 
this work were particularly valuable, and 
^ still quoted. The erection of the 
lighthouse was, on account of its posi- 
ti^ the difficulty of access to its site, 
and the fact that Smeaton had deter¬ 
mined to build it of stone, attended with 
the greatest difficulties. The genius and energy of the engineer triumphed over all obstacles, and 
the work was finished in 1769. After standing for 120 years, a monument of the skill of its designer 
and builder, and an example to all engineers, owing to defects discovered in its foundation rock, its 
treonstmetion was undertaken, and at the present time (1879) is in progress. 

Bdt Roek Lighthouse .—^The rock on which this structure is erected is situated in the German Ocean, 
11 miles from the Scotch coast, on the north side of the Frith of Forth, and nearly opposite that of 
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Tay. The part of the rock on which the ligbthouBe is built is 12 ft. below high water of spring 
tides, the rise of these tides being 16 ft. The structure, shown in section in Fig. 2809, is of sand¬ 
stone, the outer casing of the lowest 30 ft. being of granite. The difficulties of the erection of this 
lighthouse were nearly as great as those encountered by Smeaton in his work on the Eddystone, to 
which it is similar in form. The diameter of the bottom course is 42 ft., and that of the course just 
below the cornice 16 ft. The stonework is 102^ ft. high, in which height is included that of a para¬ 
pet wall, octagonal in plan, which surmounts the tower. This wall is 6 ft. high, and its sides arc 5^ 
ft. long; upon it th^ lantern is placed. The account of the erection of this lighthouse written by 
Mr. Stevenson and published in 1824 contains an accurate history of the Scottish lighthouses. 

The Skerryvore lAghthoueCy Fig. 2810, is located on the west coast of Scotland, on the Skerryvore 
rocks, about 11 miles S. W. of the island of Tyree and 60 miles from the mainland. The form 
chosen for the tower is a shaft surmounted by a belt and capital, upon which is the parapet wall. 
The shaft is a solid of revolution formed by revolving a rectangular hyperbola about its asymptote. 



The diameter of the lowest course is 42 ft., that of the top course 16 ft., and the whole height is 138 
ft. The tower for a height of 26 ft. is solid. Immediately above the solid part the walls are 9^ ft. 
thick, and they gradually diminish from this thickness to 2 ft. The material is granite, and the tower 
is surmounted by a bronze lantern in which is placed a Fresnel lens of the first order, showing a re¬ 
volving light. The work was commenced in 1839, and the light was first shown in February, 1844. 
An account of the construction of the work has been published by Mr. Stevenson, which is valuable 
not only for the description of this particular work, but because it contains a dissertation on the 
Fresnel system of lighthouse illumination, and a succinct history of lighthouses. Figs. 2808, 2809, 
and 2810 show the comparative sizes and shapes of the Eddystone, Bell Rock, and Skerryvore light¬ 
houses. The high and low waters of ordinary tides are indicated on the figures, and the letter Q 
gives the position of the centre of gravity of each tower. 

The Wolf Rock lAghthouee^ Fig. 2811, is located off the Land’s End, England, and is an excellent 
example of the most improved modem system of lighthouse building. The difficulties attending its 
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construction were exceedingly great, owing to the exposed position of its site. The rock of building 
was begun in 1862 and finished in 1869. The height of the tower is 116 ft. 4} in. Its diameter 
it the base is 41 ft. 8 in., and near the top, at the-springing of the curve of the cavetto under 
the lantern gallery, the diameter is 17 ft. For a height of 89 ft. 4^ in. from the base the work 
is solid, with the exception of a space forming a tank for fresh water. At the level of the entrance 
door the walls are 7 ft. 9^ in. thick, whence they gradually decrease throughout the whole height 
of the shaft to 2 ft. 3 in. at the thinnest part near the top. The shaft of the tower is a concave 
elliptic frustum, the generating curve of which has a major axis of 236 ft. and a minor axis of 
40 ft. It contains 44,606 cubic ft. of granite, weighing 3,296} tons; and its centre of gravity is 
36 ft 2} in. above the base. The face*stone, as shown, is dovetailed both vertically and horizon¬ 
tally A very full description of the construction of this lighthouse is given in Spon’s “ Dictionary 
of Engineering.” Referring to the figure, A is the service-room; bed-room ; ( 7 , living-room; />, 
oil-room; A*, store-room; Fj coal-room; 6, entrance ; and Af, the water-tank. 

MinoCi Ledge Lighll¥mse^ a section of which is given in Fig. 2807, is situated on a ledge of rock 
about 8 miles E. S. E. of Boston. It is a granite tower in the shape of a frustum of a cone. The base 


u 30 ft in diameter, and the whole height of the stonework is 88 ft. The lower 40 ft. are solid; 
the remainder of the tower is made up of keeper’s apart¬ 
ments, store-rooms, and the parapet, which incloses the ped¬ 
estal of the lens apparatus. The stones of the courses are 
doretailed in the securest 
manner, and the courses 
are fastened to each oth¬ 
er by galvanized wrought- 
iron dowels 3 in. in diam¬ 
eter. The lighthouse was 
be^ in 1855, and was 
finished and lighted at the 
^ of 1860, the work hav¬ 
ing been very difficult. 



Cad-Inm Lighlhou»ea, —The first cast-iron lighthouse was erected at Point Morant, Jamaica, in 1842. 
The tower is formed of 9 tiers of plates 10 ft. high by three-quarters of an inch thick, united by bolts 
and flanges on the inside. The plates of each tier have a common radius. The tower is filled in with 
masonry and concrete to the height of 27 ft., and rests on a granite foundation. Its total height is 
W ft, the upper and lower diameters being respectively 18 ft. 6 in. and 11 ft. Fig. 2812 represents 
the cast-iron lighthouse erected for the Great Isaacs rocks near Bermuda, completed in 1866. The 
tower is 120 ft high from the base to the plane on which the lantern rests, and 160 ft. to the top of 
the lantern. At the base the tower is 26 ft in diameter, and at the top 14 ft. One of the great 
pecnliaritics of the construction is, that the 166 large cast-iron plates of which it is composed are 
pot placed horizontally round the tower as heretofore in structures of a similar kind, but in what 
is technically called “ break-joints ”; L e., the plates are dovetailed and wedged the one into the other, 
in such a manner as to form a perfect column equal in strength in all its parts. 

ScrtK.Pile lAghthoiises .—^The screw-pile lighthouse at Sand Key, Florida reefs, is represented in 
Rg. 2818. This is supported on 16 piles, an auxiliary pile being placed in the centre to bear the 
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weight of the staircase. The foundation thus is formed of 17 screw-piles of 8 in. diameter, armed 
with a modified form of screw 2 ft. in diameter. The screws are bored 12 ft. into the reef, and the 
pile-heads are framed and braced together as shown in Fig. 2814. The superstructure of the frame- 
tower consists of six series of cast-iron tubular columns framed together, with wrought-iron tics at 
each joint, and braced diagonally on the faces of each tier. The keeper’s house rests on a cast-iron 
floor, supported upon cast-iron girders and joists at the height of 20 ft. above the plane of the foun¬ 
dation top. The total height of the structure is 182 ft, or 120 ft above the water leveL Its foun¬ 
dation measures 60 ft. on each side of the square. 

Fig. 2816 represents one of two similar lighthouses erected by the IT. S. Government, at Trinity 
Shoals and Timbalier in the Gulf of Mexico. It is supported on 9 screw-piles, a central one sur¬ 
rounded by 8 others at distances of somewhat less than 16 ft. 4 in., each being 20 ft distant from 
the central one, secured together at the ground by adjustable wrought-iron links, and above by diago¬ 
nal braces, and by radial struts to the central pile. The summit of each pile is encased in a cast- 
iron socket for receiving the column and the radial and diagonal braces. The jointed columns which 
support the lantern have a similar provision for their diagonal braces, the arrangement of whidi will 
be understood from the figure. The different series of columns are jointed togeUier by sleeves. The 
first series of columns above the foundation is 20 ft. long, the second 16 ft., the third and fourth 
18 ft., the fifth, sixth, and seventh being respectively 16 ft. 6 in., 14 ft., and 12 ft. 6 in. The col¬ 
umns of the first series are of wrought iron, forged tapering; those above arc of hollow cast iron, 
each series successively decreasing in diameter. The lantern is supported on a cylinder of boiler 
iron resting on a platform at the top of the columns. The height of this lighthouse is 181 ft. above 
the sea. 

See ** European Lighthouse Systems, 1878,” Elliott, New York, 1876, and the annual reports of 
the U. S. Lighthouse Board. For lighthouse illumination, see Lamps. 

LIME-KILN. SeeKiL.v. 

LINK-MOTION. See Locomotive, Descrittion of Pabts or the. 

LOCK, CANAL. See Canals. 

LOCK, GUN. See Fire-Arms. 

LOCK^ Fastenings for doors, boxes, etc., designed not to be opened except by an instrument 
called a key especially adapted to the lock, or by manipulating some secret arrangement of bolts and 
pins. There are an immense number of forms of locks, almost every manufacturer producing a vari¬ 
ety of special patterns. The following is a summary of the principal types: A bolt-lock has its bolt 
so arranged that it can be driven or withdrawn only by the action of a key. A latch-lock can be 
opened by a knob on the inside, but requires the use of a key on the outside. Indoor and outdoor 
locks are so termed from their position on the respective sides of a door. Door-locks are also known 
as iron-rim, brass-case, or mortise locks, according to the quality and mode of fitting. The draw¬ 
back has a bolt capable of three positions, locked, latched, or open. The spring-stock is a wooden 
door-lock of inferior quality. The dead-lock or closet-lock has a single bolt A two-bolt lock has a 
latch and a bolt. A three-bolt lock has an interior bolt, and cannot be operated from the outside. 
Knob and ring locks are so named from the forms of their handles. Kight-hand and left-hand 
locks are arranged to suit doors opening to the right or left. A dormant lock is one having a bolt 
which will not close of itself. A spring-lock is one whose bolt is operated by a spring. A rim-lock 
is named from its shape. Ward-locks are so called from having wards corresponding to clefts in the 
key, into which they must enter before the key can be turned. They are known as one-ward, two- 
ward, etc., according to number; the round wards being sometimes cdled wheels, as one-wheel, two- 
wheel, etc. The shape of the ward sometimes gives the name, as L-ward, T-ward, and Z-ward. If 
the wards be cast solid instead of being made of a bent strip, the lock is termed solid-ward. A lock 
without wards is a plain lock. Straight locks have a plate screwed flat against the woodwork ; cut 
locks are inserted into the woodwork, so as to lie flush with it Mortise-locks are slipped into a mor¬ 
tise cut into the edge of the door. Tumbler-locks have one or more pivoted pieces called tumblera, 
provided with a lug or dog fitting a notch in the bolt, from which the dog must be released before 
the bolt can be thrown. Letter, puzzle, permutation, and combination locks have usually a series of 
notched rings, which must be turned until all the notches are in line in order to enter or withdraw 
the bolt. Wheel-locks are those in which one or more wheels form a part of the interior mechanism. 
There are also a large number of locks deriving their names from their adaptation to specific uses, 
while others bear fancy names given them by their inventors. A copious list of these is given in 
Knight’s “ Mechanical Dictionary.” 

The simplest form of lock is the spring-iocky the construction of which is shown in Fig. 2816. The 
bolt h passes through a rectangular hole in each end of the lock, and is held either out or in by two 
notches, c, which are^ressed against the edge of the hole by the spring a. The face of the key is 
seen to lie in a semicircular notch in the lower edge of the bolt, which is by that means moved back¬ 
ward and forward. A number of circular partitions, called wards, whose edges are seen surrounding 
the shaft of the key, prevent any key which has not corresponding open spaces from being used. 
The ordinary key may have the form shown in Fig. 2817, but it is evident that it will answer the 
purpose of opeuing the lock as well if the parts are cut away, as in Fig. 2818; this is called a skele¬ 
ton key, and is in common use among thieves in picking locks. 

The common tumbler-lock, which has only been in use in Europe and this country during the last 
100 years, is represented in its simplest form in Fig. 2819. The bolt 6 6 is moved out and in by the 
key in the same manner as in the spring-lock, but it is held from moving by processes or projections 
in a tumbler, a, which are thrown by a spring into notches in the upper edge of the bolt. This tum¬ 
bler has to be raised by the key before the bolt can be moved. Barron’s lock, patented in 1778, is 
so contrived that the processes in the bolt have to be raised to a particular height in order that 
the bolt may be moved, because if raised higher they are thrown into opposite notches. The plan 
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ii represented in Fig. 2820. This lock was considered secure for several years, when the ingenuity 
of burglars discovered a method of picking it. Mr. Barron subsequently add^ another tumbler, 
which had to be raised to correspond to another set of notches in the bolt, and thereby greatly in-, 
created the security of the lock. It is not certain that Barron applied more than two tumblers, 
bat the principle of the many-tumblered lock is his. The form has been changed by putting a 


2816 . 



i»r>< 


2819 



2621 . 



single pin called a stump in the bolt, which passes into slots in the tumblers, and these have to 
be raia^ to various heights in order to receive it. Chubb's lock has this form, as in Fig. 2821, where 
6 is the bolt, t the tumblers (six in this out), turning on the common pin a, d six springs to press 
down the six tumblers, and n the slots into which the stump « is drawn when the tumblers are raised 
to the proper height. The principle of Bramah's lock is similar, except that instead of tumblers 
turning upon a common pin, there are a number of independent slides having notches at different 
heights, but which are raised to a common height by a key having corresponding elevations on its 
face. It was supposed that a lock of the character of Bramah's could not be picked ; and during the 
World's Fair in London in 1851 a challenge from the Messrs. Bramah, offering a reward of 200 gui> 
neas to any one who could pick a lock of theirs on exhibition, was accepted by Mr. Hobbs, an 
American. He succeeded after a trial of 61 hours, embraced in a period of 30 days. 

Hobbs invented a lock called a protector," which is represented in Fig. 2822. This is much like 
Chubb's lock, except that the stump «, instead of being riveted to the bolt, is riveted into a detached 
piece shown in Fig. 2823, which turns on a centre h when the stump a is pressed by the bolt. This 



action brings the attached ann against the case of the lock, by which means the tumblers are re- 
Keved from pressure by the stump, so that their positions cannot be ascertained by the burglar. 
The key, Fig. 2824, turns on the pin A, and the tumblers rest on the piece r. This lock, after defy¬ 
ing the in^nuity of English locksmiths, was at last opened by Mr. Linus Yale, jr., of Philadelphia, 
who has since invented the celebrated Yale lock, which is now used all over the world. 
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An improvement upon the form of the Hobbs and Chubb locks, in which the combination is not 
changeable, is the addition of a device by which the position of the slots and pins and the face of the 
key may be changed at pleasure. This was effected by Dr. Andrews of Perth Amboy, N. J., the 
principle of whose locks will be understood by inspecting the keys, FigSr 2825 and 2826, where the 
face of the key is changed by varying the positions of the separate pieces held in it The lock is too 
complicated to admit of a description within the limits of this article. It was long extensively used 
by banks and laige stores, and its success caused numerous competitors to appear, prominent among 
whom was Mr. Newell, the inventor of Day and Newell’s “ parautoptic lock.” 

The general plan of the Yale lock above mentioned is represented in section in the Yale night- 
latch, Figs. 2827 and 2828. An end view is shown in Fig. 2827, where a cylinder C, having a number 
of holes drilled along its whole length, as shown in Fig. 2828, maybe turned when the key K raises the 
pins a, 6, c, (/, so that their faces are even with the surface of the cylinder. These pins are of cor¬ 
responding different lengths in each lock, no two locks being alike. The flat key has bevel-edged 
notches in one of its edges, corresponding to the lengths of the pins. The parts of the lock shown 
here are called the escutcheon,” which not only comprises the cylinder, but the part above it, con¬ 
taining holes corresponding to those in the cylinder, and holding the same number of pins, 1, 2, 3, 4, 
5, which, by means of spiral springs, are partly forced down into the holes in the cylinder when the 
key is withdrawn, thus fastening the lock. It will be seen that the faces of the two sets of pins 
must be in a line before the cylinder can be tamed. Attached to the end of the cylinder, and not 



shown in the cut, there is a cam by means of which the bolt of the lock is moved. The unlocking 
of the cylinder is performed by simply thrusting the key into it, and of the bolt by turning the cylin¬ 
der with the key. 

Flat keys are now largely used in standard door-locks. An example of a lock of this descrip¬ 
tion is given in Fig. 2829. In this the key when inserted is carried by a small cylindrical huD, 
by which it is guided and supported during its rotation. 

Raft and Burglar-proof Locka.^A large number of the permutation and combination locks used 
on safes arc constructed on modifications of one general principle. This will be understood if we 
suppose the tumblers in a Chubb or Hobbs lock, instead of turning on a hinge at one end, to be 
converted into wheels and made to turn upon an axis, and, instead of having the slots brought to 
coincide by a key, adjusted by turning the wheels alternately one way and the other upon the axis 
on which they move independently. The wheels are placed near together, with washers between, 
and do not interfere with the motion of each other except when certain pins, which may at plea¬ 
sure be moved to various positions, collide with one another; then one wheel will move its neigh¬ 
bor, and carry it around to any desired distance. Again turning it in the opposite direction, but 
through a smaller arc, another wheel may be turned until the slot in it is made to coincide with 
the first. A third and a fourth, and indeed any desired number of wheels (the number rarely ex- 
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ceeding foar), may be adjusted with all their slots coinciding. The action is represented in Fig. 
2830, where a, 6, r, J are four wheels placed within the lock. Each wheel has a pin (shown 
only on d) which may be placed at pleasure upon any radius. A dial (Fig. 2831), turning by means 
of a knob upon an index-plate, is placed upon the outside of the safe. A shaft passes through the 
door and through the axis of a wheel to which it is fixed, and also through the axes of the wheels a, 
6, c, which, however, are free to turn. If now the fixed wheel has a pin upon its inner side which 
can be brought against the pin on the wheel a, it is evident that the slot may be made to correspond 
with any number upon the dial by adjusting the pin, and that by means of this dial the slot may 



be placed in any determined position. If now the dial be turned around four times, the wheel d 
must be moved before or at the end of the revolutions by means of the pins in the wheels successive¬ 
ly colliding. Suppose the wheel d to have its pin so pla^ that when the number 20 stands opposite 
the index on the index-plate, its slot will be in the position given in the cut Now, on turning the 
dial in the opposite direction, the wheels will be unlocked, but in the course of one revolution the 
fixed wheel will again lock with the wheel a, and this again in the course of the second revolution 
^ lock with the wheel 6, and this in the third revolution with the wheel c. If this latter wheel has 
its pin so adjusted as to be opposite the number 40 when its slot is brought to coincide with that of 
the wheel d^ this will be indicated when the number 40 is opposite the index. Reversing the motion 
of the dial, the wheel b may have its slot brought to coincide with that of c and d during the second 
rerolution. Again reversing the motion of the dial, the wheel a will have its slot brought to coincide 
with that of all the others. When the slots in all the wheels coincide, the stump of the bolt may be 
thrown into the common slot, or a dog may fall into it, leaving the bolt free to move; or any other 
arrangement can be mode which may be thought advantageous. 

Thm are a number of excellent patents of combination-locks in this country, some possessing ad¬ 
vantages of one kind and some of another. In the simple form just describe, represented in Fig. 
2832, where the stump of the bolts passes directly into the slot, there is danger of a burglar detecting 
its position by feeling while pressing it against the periphery of the wheel, and thus discovering the 
combination. This is prevented by various devices. One of those used upon HalFs lock is shown 
in Fig. 2833. It consists in notching the fixed wheel, which is somewhat larger than the others, so 
that the stump shall be pressed against it or into its slots instead of against the other wheels. The 
latter are also not circular, but polygonal, so that on turning them inequalities are felt which can¬ 
not be distinguished from slots. The device employed in the “ Dexter lock,” used on the Herring 
safe, is shown in Figs. 2834, 2836, and 2836. A false wheel a. Fig. 2834, smaller than the others, 
has a slot which receives an extra bar c. Fig. 

2836, shorter and placed beneath the common 3885. 

bar for the other wheels; and also a shoulder a, 
whidi prevents the “ fence ” a. Fig. 2836, from 
descending when the slot is not uppermost. Over 
this small wheel is a cam 6, Fig. 2836, which con¬ 
tains in each comer an octagonal roller, upon 
whidi the piece d, Fig. 2836, rests when the fence 
is raised. This piece d is constantly pressed by 
spiral springs, by which means all possibility of 
ascertaining when the bar A is brought opposite 
a slot In a wheel, or opposite any depression. Is 
prevented. The locking in this arrangement is 
performed by raising the “fence” until the notch 
e. Fig. 2836, is brought to embrace the pin at¬ 
tached to the bolt /. When the fence is depressed, 
the bolt may be moved backward or forward. 

The Yale double-dial lock is represented in Fig. 

2837. It consists of a heavy gun-metal case, 
iDeasnring 7 by 9 inches, in which are two complete sets of permutating wheels or tumblers, each 
C'^’BtroIled on the outside by its respective dial and spindle. In the centre of the lock is a bolt which 
is common to and controll^ by both sets of dials and their tumblers. The object of this mode of 
construction is to guard against the possibility of a “ lock-out ” arising from the accidental derange- 
iiieat of either of the two locks which arc thus brought in combination. The bolt, being susceptible 
of control by cither or both of the two dials, may be locked or unlocked by either of them indepen- 
*kutlv of the other, and a lock-out is thus made impossible except in the most improbable event of 
^ dialfl and the mechanism controlled by them, being deranged simultaneously. A further pur- 
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pose of the invention is to guard against a lock-out by the forgetting of a combination. Each of the 
two dials being set by different persons on a different combination, the lock can be opened by either 
person in the event of the other’s forgetting his combination or being absent. Another feature of 
this lock consists in the “ outside spindles.” It will be noticed that the spindles connected with the 
dials arc placed entirely outside of the lock (their motion being transmitted to the tumblers by a 

train of gears), and it thus follows 
that, in the event of the displacement 
of the spindles by violence, the lock 
still remains intact, and guards the 
door. The spindles are made of hard¬ 
ened steel, to resist drilling, and are 
shouldered within the door so as to 
resist an attempt either to drive in or 
pull out. 

The Tale Time-Lock is represented 
in Fig. 2888. The operation of this 
lock may be briefly explained as fol¬ 
lows ; Its function being to dog or ob¬ 
struct the motion of the heavy bolt- 
work or gang-bolts now always used 
for directly securing the door of a safe 
to its jamb, the lock is provided in its 
right-band upper comer with a sliding 
block of metal, which by the action of 
the clockwork alternately opens and 
closes an aperture in the end of the 
lock-case. A short tongue or stud 
rigidly connected to one of the gang- 
bolts is arranged to enter this aper¬ 
ture when the gang-bolts are retracted, 
and thus the closing of this aperture by the time-lock dogs or obstmets the unlocking of the gang- 
bolts until the time when by the action of the clockwork the aperture is uncovered, and the bolt- 
work left free to be retracted. In the lower part of the lock-case are two independent watch move¬ 
ments, each of them carrying on its main arbor a disk or dial, which rotates in the direction of the 
arrows. Each of these dials is provided on its periphery with 24 pins or stops, capable of a short 
endwise motion in the direction of the axis of the dial, which pins or stops, when pushed in, form on 
the back of the dial a projecting rim or cam, upon which travels the roller which carries one end of 
the yoke shown in the cut, and which in turn controls the counterbalance lever, the right hand of 
which actuates the sliding block which serves to cover the aperture in the case before referred to; the 
weight of the sliding block being slightly greater than that of the counterweight at the other end of 
the lever, its tendency is always to drop, and thereby uncover the aperture in the case. This tendency 
is resisted, first, by the yoke, 

and second, by the dials on 2888. 

which the yoke rests. If, 
however, the pins in the dials 
are pulled out, the support 
for the rollers carrying the 
yoke is removed, and the lat¬ 
ter will drop, and the lock 
thereby open. Now each of 
the dials revolves once in 24 
hours; and, the lock being 
adjusted to local time, the 
pins on each dial which repre¬ 
sent the hours during which it 
is desired that the lock shall 
remain locked are pushed in, 
and the pins which represent 
the hours during which it is 
desired that the lock shall 
remain unlocked are pulled 
out, and the lock is then 
wound up and set running. 

This setting of the lock is 
of course presumed to occur 
during the daytime, when the 
lock is unlocked, and the 
right-hand end of the coun¬ 
terbalance lever is in its lower or depressed position (instead of lifted, as shown in the cut). Hav¬ 
ing properly set the lock, the user closes the door to which it is attach^, throws the gang-bolts into 
the forward or locked position, and locks the combination or kcy-lock which usually also guards the 
door. Subsequently the action of the two time movements rotates the dials in the directions indi¬ 
cated by the arrows, and in due time this rotation causes the pins which are pushed in in each dial 
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to come in contact with the two rollers on the opposite ends of the yoke, and thereby lift the yoke 
and the ooonterbalance lever and sliding block, and thus close the lock. So long as the pins which 
are pushed in remain beneath the rollers, the lock remains closed ; but the continued rotation of the 
itiaU causes these pins in time to pass away from beneath the rollers, and thus the yoke and the parts 
attached to it are permitted again to fall, and the look to open. The yoke being pivoted to the coun¬ 
terbalance lever at its upper end^ it is obvious that the concurrent action of both time movements 
is necessary to effect locking up; for if one remains in the unlocked position, the other will merely 
osdllate the yoke slightly on its pivot without affecting the counterbalance lever. When the lock 
h closed, however, unlocking can be effected by the movement of either one of the dials indepen¬ 
dently of the other, since the yoke will not support the lever and block if either of its supports be 
remored. It thus follows that the lock cannot lock up unless both movements are in good order and 
are running; but, on the other hand, either movement is competent to unlock the lock alone in the 
erent of tlm others failing. On the back of each of the dials is a small cam or segment rotating on 
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the same centre as the dial, and traveling just outside of the pins. This segment is so geared to the 
dial that it makes one revolution to the latter's seven, and by properly setting this device in accord 
wHh the day of the week, it will then automatically interpose beneath the roller during the interval 
of one day In every seven, and thereby prevent the unlocking of the lock on the Sabbath. It will 
thus be seen that this lock is absolutely automatic; having once been properly set, it requires no 
further manipulation or attention beyond winding, and will continue so long as kept running to auto¬ 
matically lodt up in the evening and unlock in the morning, 
at the hours for which it is set, and also automatically remain 
locked during every seventh day., The lock is also so con¬ 
structed as to automatically unlock whenever its movements 
run down, irrespective of how the devices above described 
may be arranged; and it is thus guarded against all danger 
arising from carelessness in its use. 

MarvirCt Safe-Lock^ represented in Fig. 2839, contains four 
tumblers and a cam-wheel or blind tumbler, which is equiv¬ 
alent to a fifth wheel. The tumblers are shown in position 
for unlocking in I^g. 2840. In Fig. 2839 the cam-wheel is 
shown at the bottom of the tumbler-box in the lock, with the 
dog just ready to drop into its slot, as the wheel is revolved 
by t^ dial on the outside. This operation, of course, throws 
the ^It back, and the unlocking is completed. When the 
lock is in the locked position, the dog is kept from dropping 
into the slot in the cam-wheel by the faces of the other tum¬ 
blers ; and they must first be brought into register, as shown 
in the cut, opposite the arm of the dog, before it will drop, 

^ this can be done only from the outside by working the combination. The tumblers are held fast 
in the tumbler-box by a key-lock on one side and a spring-catch on the other, in order to prevent 
t^ being disturbed by any jar or shock in opening or shutting the safe-door, or from any external 
violence. The spindle operating the lock enters the safe at one side, and is connected with the tum- 
blcr-spindle by a train of gears. 

Sarymi and OreenUaPs Tumbler is represented in Fig. 2841. A is the tumbler-wheel, which 
rotates around the interior wheel B. The rim of wheel B is toothed, and engaging therein are the 
toothed faces of arms (7, which are held in contact by light springs. While the parts arc thus cn- 
pged the tumbler cannot be turned to alter the combination. To effect the latter object, a key is 
Inserted at i), by turning which the arms are moved out of contact with the wheel B^ and the tumbler 
A can then be turned as desired. 

l^KJOMOTIVR See Locomottvx, DESCRipnoN o? Parts of the; Locomotive, Internal Disturb- 
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Work* fw Catechism of the LocomotiTe,” Fomey, New Tork, 1876; Locomotive 

Engine Driving, Reynolds, London, 1877; Katecbismus der L^motive,’’ Kosak, Vienna, 1869; 
“ Die Schule des Locomoti^iihrers,’* Brosius and Koch, Wiesbaden, 1874; “ Railway Machinery,” 
Clark, Glasgow and London, 1856; Recent Practice in the Locomotive Engine,” Clark and Col- 
bum, Glasgow and Xjondon, 1860; Locomotive Engineering,” Colburn, London and Glasgow, 1871; 
** American and European Railway Practice,” Holley, New York; Handbuch fiir speciclle Eisen- 
bahn-Technik,” Heusingcr von Waldeg, Ldpsic, 1876 ; ^^Voie, Materiel roulant, et Exploitation 
technique des Chcmins de Fer,” Couche, Paris, 1878 ; “ American Locomotive Engineering and Rail¬ 
way Mechanism,” Weissenbom, New York; ** Die Gesetze des Locomotivbaues,” Redtenbacher, 
Mannheim, 1866; ** Link and Valve Motion,” Auchincloss, New York; ** Die Schiebersteurungen, 
mit besonderer Beriicksichtigung der Locomotiven-Steueningen,” Gustav Zeuner; Das Locomotive- 
Blasrohr,” Zeuner, Zurich, 1868 ; Die Locomotive,” Welkner, Gottingen, 1869; ” Trait6 th4orique 
et pratique des Machines Locomotives,” Pambour, Paris, 1840; ” Trait4 414mentaire des Chemins de 
Fer,” Pcrdonnet, Paris, 1866; Annual Reports of the American Railway Master Mechanics’ Associa¬ 
tion. 

See also the following references to periodical literature: ” Locomotives at the Paris Exhibition, 
1878,” Railroad Gazette^ x. and xi. / ** Locomotives at the Philadelphia Exhibition, 1876,” Railroad 
Gazette^ viii.; “ Locomotives at the Vienna Exhibition,” Engineering^ xvi. and xvii; “ Fireless 
Locomotive,” Railroad Gazette^ lx., 883; “Forney’s Locomotive,” Railroad Gazette^ iL, 146 and 
166, and x., 11 ; “Fairlic’s Locomotive,” Railroad Gazette^ ii., 446; “Locomotives of the Pennsyl¬ 
vania Railroad,” Engineering^ xxiv.; “ Mallet’s Compound L^motive,” Railroad Gazette^ ix., 660; 
“ Experiments with Resistances of Railroad Trains,” made by Vuillemin, Dieudonn4, and Guebhard, 
Mhnoirez et Comotes^renduz des Ingknieurs Civils, 1868, p. 701; “Die Ermittelimg des Widerstandes, 
welchen Eisenbannfurwerke in Curven erfahren auf experimentalirem Wege,” Von Weber, Organ 
J^r Eisenbahntoeseny 1868, p. 1; “ Versuche iiber die ZugwiderstfLnde in Curven auf der Altona-Kieler 
Bahn,” Organ fur Eisenb^nvoesen^ 1870, p. 186; “Indicator-Versuche an Locomotiven,” Bauschinger, 
CiviLIngenieur, xiii., 479; “ Experiments with Train Resistances,” Dixon, Engineer^ 1662, p. 21; 
“ Experiments with Train Resistances at Different Speeds,” Gooch, Proceedings of the Institution of 
Civil Engineers^ vii., 292; “ Resistances of Trains,” Harding, Proceedings of the Institution of Civd 
Engineers^ v., 406; “ Resistance of the Air,” Mechanics Magazine^ xxx., 244, 266, 297, 300, and 862; 
“ Verderber’s Locomotive Boilers,” Railroad Gazette^ 1879, p. 110. T. F. K. 

LOCOMOTIVE, DESCRIPTION OF PARTS OF THE. The term locomotive is generally used to 
designate a wheeled vehicle actuated by steam or other power, which power is generated and applied 
by apparatus contained in or upon the vehicle itself. The term is more specifically used with infer¬ 
ence to the steam motor employed for the traction of cars on railroads. It has also been extended to 
the self-moving vehicles which are intended to run on common highways. (See TVacHon Engines 
under Engines, Portable and Semi-Portable.) Locomotives were devised originally for this last- 
mentioned purpose, the railroad being an invention of subsequent date. The first successful applica¬ 
tion of steam as a motive power for vehicles was made in Europe in 1768, by Cugnot of Paris; in 
this country in 1772, by Oliver Evans of Philadelphia. In 1813 Blackett first determined by experi¬ 
ment that the adhesion of the locomotive—^the friction between the wheels and rails with flat surfaces 
(see Adhesion) —constitutes sufficient resistance to prevent skidding of the wheels, and thus enable 
a locomotive to advance and to draw a train without the use of chains applied to stationary posts or 
of racked or cogged rails. This latter means of affording augmented resistance to the wheels is, 
however, necessarily used on mountain railways which are built on steep grades, and the locomotives 
adapted to these rails constitute a separate class. In 1814 George Stephenson constructed a locomo¬ 
tive with two cylinders, which was a considerable advance over the primitive locomotive having but 
one cylinder. Gillingham and Winans, of Baltimore, were the first to effect a variable expansion, by 
using separate eccentrics for each point of cut-off. Great difficulty was experienced in causing loco¬ 
motive boilers to generate steam in sufficient quantity to meet the requirements of the high-pressure 
engines. In 1827 Marc Seguin, a French engineer, overcame this obstacle by devising fire-tube 
boilers, and thus increasing the heating surface necessary for rapid evaporation. The foregoing arc 
the chief improvements; others have multiplied rapidly, until at the present time the locomotive seem^ 
to have reached a point beyond which it is difficult to foresee progress except in the way of refine 
ments and minor modifications. 

There are many styles and types of locomotives, varying in their dimensions, proportions, and 
general design. The last-mentioned difference exists chiefly in the number and kind of wheels used, 
and their relative positions to each other, and with regard to the whole locomotive. The locomotives 
of different nations also exhibit specific differences. Every locomotive, however, possesses the same 
essential features, the chief parts in all instances performing the same functions, and being indis¬ 
pensable. A locomotive may be said to consist of three distinctive parts or organs, namely: the 
steam-generator or boiler, the steam-engine, and the running gear. Each of these portions will be 
treated separately, and the type which is known as the “ American locomotive ” is chosen as an 
example, for the purpose of explanation of the general construction of a locomotive. Figs. 2842, 
2848, 2844, 2846, and 2846 represent, respectively, a side elevation, the longitudinal section, the plan, 
the back-end view, and two half cross-sections, of the eight-wheeled American locomotive, as built 
by the Grant Locomotive Works. 

Parts of the Locomotive. —The following are the parts of the locomotive designated by the letters 
of reference in the figures already referred to: .A, Jl, cylinders; main driving-axle: C\ C, main 
connecting-rods; 2), 2>, main crank-pins; E^ E^ truck-wheels; back driving-axle; fire-box ^ 
/f, AT, Af, frames; A, 7, frame-clamps; /, f eccentrics; A", if, rockers; X, X, links; A/, lifting-shaft; 

lifting-arms; 0 0, reverse-lever: PP^ cylinder part of boiler; smoke-^x ; R Ry smoke¬ 
stack or chimney; 5, pilot or cow-catcher; Xj head-light; Uy bell; F, sand-box; IF, whistle; A' 
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dome; F F, cab or house; 
back or trailing-wheel crank- 
pio; A\ pump air-chamber; 

main driying-wbeels; 
C' C' C\ supply-pipe; D\ 
front platform; M\ bumper 
timber; F\ F\ back driv- 
inc-wheels; 0\ coupling-pin; 
£r, friction-plate; /', dieck- 
valve; K' K\ foot-board; 
L\ la^-cock; M\ mud-drum; 
N\N\ driving-sprint; P', 
pump; P,dr(^plate of grate; 
j9',Bteam-^uge; 7" F', feed¬ 
pipe ; ir\ U\ forward eccen¬ 
tric-rods ; V\ V\ backward 
eccentric - rods ; X\ lifting- 
shaft spring; F', Y\ dam¬ 
pers ; Z pushing-bar; a, a', 
tubes; h h, grate; c, fire-box 
door; d dy ash-pan; c A;, re¬ 
verse-rod; /,/, exhaust-noz- 
xles or bltt-pipes; safety- 
valve lever; A, A, cross-heads; 
11 , running-board; y, throttle- 
stem ; k My reverse-arm; /, 
throttle-pipe; m m, dry-pipe; 
n^T-pipe; oo, steam-pipe; p, 
petticoat-pipe; smoke-box 
door; r, piston; spark-de¬ 
flector or cone; ft, wire-net- 
fing in stoke; utiv, boiler¬ 
lagging; V Vy truck-spring; 
w Wy sector or quadrant; z, 
blow-off cock; yy truck centre- 
pin; Zy throttle-lever; o', o', 
tub^; b' h'y truck-frame; c <?', 
bed-plate; d'y boiler-brace; 
t! e', sand-pipe; equal¬ 
izing-lever for driving-wheels; 

guide-bars or rods; h A', 
receptacle for sparks; t', 

bell-rope;//, brace-yoke; A', 
valve-stem; t T, truck-equal¬ 
izing lever; m'm'm', hand¬ 
rail; n', blow-off cock in mud- 
drum; o', spring-balance; />', 
pump • plunger; 9 ^, 9 ', foot¬ 
steps ; r'y brace to smoke-box 
and frame;steam-chests; 
ty fy fy crown-lmrs; head¬ 
light lamp; v\ main valve; 
Wy blow-off 00 ^ handle; z', 
bell-crank for throttle-valve; 
y', piston-rod; draw-bar; 
A\A\ house-brackets; B^y 
Fy hand-holds for getting on 
and off the locomotive; C*, 
stand for tallow-can; Jf)*, feed- 
cock quadrant; D” E*y rod for 
operating feed-cock; 
doors in front of the cab; JT', 
K'y windows in front of the 
cab; a", a*, heater-cocks; a' 
a", beater-pipe; 6 ’^ blower- 
cock; e'yc'y (^linder oil-cups; 
fy himdle for opening valves 
ia sand-box; e' e*, handle for 
opening pet-cocks; f handle 
fw Offing cylinder-cocks; 
g'y whistle-lever; A*, rod con¬ 
necting whistle-lever with the 
htodle; t*, whistle - handle; 

80 



Digitized by v^ooQle 






306 LOCOMOTIVE, DESCRIPTION OF PARTS OF THE. 



j", handle for left-hand feed- 
cock; glass water-gauge; 
1% water-gauge cocks; m' m\ 
lever for shaking the grate- 
bars ; n', bell-crank for open¬ 
ing front ash-pan damper; o', 
rod connecting safety-valve 
lever with spring-balance; 
pipe for carrying off water 
from gauge-co^s; o', spring- 
balance lever for safky-valve; 
r', handle for opening blow-off 
cocks; f', drip-pipe for gauge- 
cocks; r, link-hanger; 
cross-brace; r', v", rocker- 
arms; z',x', check-chains; s', 
spring-hangers. 

The I^omottve Boiler, 
represented in a longitudinal 
section and a cross-section 
through the fire-box in Figs. 
2847 and 2848, consists of a 
cylindrical portion P P, which 
forms the boiler proper, con¬ 
taining the fire-tubes a a' and 
smoke-box Q ; and a rectangu¬ 
lar compartment 6^, in which 
are the fire-box and the fire¬ 
grate m. The material of which 
the boiler is made is iron or 
steel in sheets, copper being 
sometimes used for the inside 
fire-box shell, and brass for 
the tubes. ^ this country, 
however, steel and iron are al- 
most exclusively employed for 
these purposes. The sheets 
are connected by rivets placed 
in single rows circumferentis]- 
ly, and double rows longitudi¬ 
nally—the latter being also 
used where the cylindric^ por¬ 
tion joins with that of the fire¬ 
box. The joints are made tight 
by calking. In the front part 
of the boiler is the smoke- 
box Q, usually of a cylindrical 
shape, forming a prolongation 
of the boiler, to which it is 
riveted. Sometimes the smoke- 
box has a square bottom, to 
suit the shape of the steam- 
cylinder castings, on which it 
usually rests. TTie outer end 
of the smoke-box is strength¬ 
ened by a wrought-iron ring 
riveted to it, to which the 
smoke-box front q is bolted. 
A hinged circular door in the 
latter admits of the cleaning 
of the smoke-box and the fire- 
tubes. A circular plate a'a', 
riveted to the boiler-shell, sep¬ 
arates the smoke-box from the 
boiler, and holds the fire4ube8, 
which commimicate between 
the fire-box and the smoke- 
box. This is called the smoke- 
box tube-sheet or flue-head. 

The cylindrical portion of 
the boiler consists of two or 
more sheets, usually lapped 
on each other, but sometimes 
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brought in contact edgewise, and riveted to an outside ring or welt, forming thus a joint with a 
smooth inside surface, which is less liable to corrosion. At the bottom of the cylindrical portion 
of the boiler is the mud-drum or pocket Af, which serves to keep the boiler clean from the mud 
which collects in it, and can be discharged by taking off its cover. A blow-off cock is usually screwed 
into the mud-drum cover for emptying the boiler. The fire-box portion of the boiler consists of the 
outside and the inside shell. The outside shell is composed of two side-sheets, BA and A'.F(Fig. 
2848), a back or door sheet, BA (Fig. 2847), a front sheet, also called waist, all four of a flat 
form—and a top or crown sheet, C /), which is either bent in a circular shape or is also flat The 
comers are rounded, and the joints made by lapping the sheets one on another. The outside fire-box 
crown-sheet is usually raised above the cylindrical portion of the boiler, giving thus a larger steam- 
space ; and the outside width of the fire-box is at the top, usually more than the diameter of the 
boiler, narrowing toward the bottom (see Fig. 2848), where it is limited by the locomotive frame. 
The fim-box outside shell unites with the cylindrical part by a short portion of the boiler, of conical 
shape, which is made of two sheets, one at the top, the other at the bottom. In this country a steam- 
dome X is always placed at the crown-sheet. In Europe it is usually located in the neighl^rhood of 
the smoke-box, the opinion prevailing that the steam is there drier, and that an advant^e is gained 
by the shortening of the steam-pipes leading to the cylinders, which are placed on the outside of the 
boiler. The inside fire-box shell, or the fire-box proper, consists of two side sheets commonly bent 



into form corresponding to the outside form, a door-sheet, a waist or front sheet, a crown-sheet, grj^ 
which is either of flat or semicircular shape—^the latter being now favorably regarded by many 
engineers—and a tube-sheet, a a, to which the fire-tubes are fastened. At the bottom, the two fire¬ 
box shells are joined, and the water-space between them closed, by a wrought-iron bar, which is 
riveted to them and makes a tight joint. The fire-door channel C is of sheet iron, and is riveted to 
the two back sheets. The doors are of cast iron, hinged, and provided with a latch, and often have 
air-holes with a slide to close or to open them. The fire-tubes are made tight at the fire-box tube¬ 
sheet, usually by expanding them at that place into a tapered shape to fill the. hole, lapping the ends 
over the sheet, and, at the inside edge of the sheet, expanding them into a ridge. A short copper 
ferrule on the outside of the tubes is used for tightening these joints. At the smoke-box end the 
tubes are simply expanded and lapped over. The cylindrical parts of the boiler, by their form, are 
strong in themselves, and do not require any bracing; but the flat portions, at the fire-box, are 
strengthened by stay-bolts, n n, which join the outer and inside shells by being screwed into the 
sheets, and being h^cd like rivets at their ends. These stay-bolts are either of wrought iron or 
copper, and are often perforated with holes, to be easily discovered when broken by the leakage of 
water through them, which would then take place. The flat portion of the outer-shell side-shecta, 
which stand above the inside crown-sheet, arc braced by rods, uniting them together; and the corre¬ 
sponding portion of the back sheet is braced by long rods to the upper part of the smoke-box tube¬ 
sheet, and to the outside crown-sheet. The back sheet is also braced by flat bars, called angle- 
braces, to the side-sheets at their extremities, in cases where the extreme rows of the stay-bolts 
stand far from their edges. The bracing of the inside crown-sheet is more difficult, and can be 
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effected in different ways. Usually, if the inside crown-sheet is flat and the outer one round, crown- 
bars, //, are placed at the top of the first, which are riveted to it in rows, thus giving it great 
strength. The strength of the crown-bars is often increased by bracing them to the outside crown- 
sheet and to the steam-dome by rods d d and braces e e. Should both orown-sheets have the same 
form, either flat or round, they are simply braced to each other by bolts, having heads on the top and 
nuts on the inside of the fire-l^x—copper washers being placed under the head and the nut, to keep 
the joints tight. When the circular form of the crown-sheets renders them sufficiently strong to 
withstand the pressure, they are not braced at all. At each comer of the bottom of the fire-box 
band-holes arc made, to admit of cleaning the boiler from mud and scale. Sometimes the band-holes 
are numerous and placed in various parts of the boiler, especially if the water which is used gives 
much scale. Cast-iron plates, one from the inside, the other from the outside, held tight by a bolt 
and a nut, close the hand-holes. A blow-off cock is usually screwed to the bottom of the back sheet 
(A, Fi^ 284S and 2846). 

Various devices have been tried to increase the steaming capacity of locomotive boilers. These 
principally consist in introducing in the fire-box brick arches, midfeathers, or water-pockets. The 



water-pockets are either suspended from the crown-sheets, raised from the ^ttom, or joined to the 
water-spaces of two sides of the flre-box. The object of such arrangements is to increase the direct 
heating surface, and to create combustion-chambers, where the flame can be thoroughly mingled with 
air before entering the tubes. Devices of this sort can be looked upon as experimental only ; they 
have never met with general application. 

The boiler on the outside is protected from losses of heat by a lagging, usually consisting of wood 
and very thin sheet iron, fastened by means of brass or iron straps. 

The Chraie is placed at the bottom of the fire-box. Its form varies according to the properties of 
the fuel that is burned on it. For wood or coal, which does not require shaking to make the ashes 
f5>l1 through, rectangular wrought- or cast-iron bars, of considerable depth and small width (usually 
several of them being joined in one section), are laid on two or three cross-pieces fastened to the 
fire-box bottom ring. These sections of grate-bars can be arranged to swing on their axes fsee Figs. 
2849, 2850, and 2851), in which case they are provided with cranks projecting downward, which con¬ 
nect with a rod that receives a reciprocating movement from a vertical lever by a bell-crank. By 
this means the fireman is enabled to shake down the fuel. Such grates are called “ shaking-grates.** 
Sinn;ia.r to this is the “ rocking-gratc,’* the difference being that, instead of several bars being united 
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in a section, there is but one bar having horizontal fingers, standing at right angles to it at both 
sides. The free space between these hungers is occupied by the &ger8 of the neighboring bar. 
The bars swing on their longitudinal axes. Another form of grate, which is always used for an¬ 
thracite coal, is called a ** water-grate.** This consists of water-tubes screwed in the front and back 
sheets of the inside fire-box in a zigzag line, as shown in section in Fig. 2852. Between these tubes 
are placed three or more solid round iron bars (shown in black section), which are pushed from the 

outside through rings in the back water-space 
S8S2. of the fire-box. By removing these, the ashes 

^ can be thrown down through the free space 
thus made between the tubes. A drop-plate, 
placed at the front end of the fire-box (see 
Figs. 2849, 2850, and 2861), and serving to 
throw the fire out, is often used with grates. 
It swings on journals which are not in its centre-line, and is held horizontally by two arms of a shaft 
which is manipulated by means of a bell-crank and rods from the locomotive platform. If the sup¬ 
port is withdrawn, one side of the plate overbalances, and it falls down, leaving an open space in 
the grate. 

Under the grate, attached to the boiler by means of angle-iron, is the ash-pan d (f, Figs. 2847 
and 2848, of thin sheet-iron, often provided with a slide beneath for throwing the ashes down on 
the ground. It has dampers in front and behind, which are hinged and connected by bell-cranks to 
vertical rods, by means of which the fireman is able to shut or to open them. 

The Smoke-SUiek ,—On the top of the smoke-box is placed the chimney or smoke-stack, R R, Fig. 
2847, through which the smoke and gases, produced by combustion of the fuel on the grate in the 
fire-box and passed to the smoke box through the tubes, escape. The steam exhaust^ from the 
cylinders also escapes by it. There are many forms of smoke-stacks. A short pipe, slightly 
tapered in straight or curved lines, having the smallest diameter at the top, of sheet or cast iron, 
forms a base for the stack. It is bolted or riveted on the smoke-box by means of flanges. To it 
is attached the smoke-pipe, usually of sheet iron, which is left open, or covered with a wire netting 
to arrest the sparks; or, as is the case on American locomotives burning wood or soft coal, it ends 
with a special top, consisting of two cones, placed one above the other, and meeting at their largest 
portions. At their junction a plate perforate with many small holes, or a wire netting, f f, b placed 
across. Under this netting a cast-iron cone or spark-deflector, /S', is suspended with its point down, 
the object of this being to deflect the heavier sparks, which are thrown back or broken and extin¬ 
guished. If wood is used as the fuel, the smoke-pipe is surroimded by another pipe, concentric with 
it, and standing on the same base. The top is then attached to the outside pipe, and the space be¬ 
tween the two pipes serves as a receptacle, where the sparks collect and can be discharge by an 
opening made at the bottom. For anthracite coal the pipe is made straight without the conical top, 
and the spark-arrester is provided only with a simple netting. In Europe smoke-stacks are almost 
always made with straight tops. Occasionally the pipe is made slightly tapered, the laiger diameter 
being at the top. This form has an advantage, as it admits of the use of a wider exhaust-nozzle, 
thus diminishing the back pressure in the cylinders. A smoke-stack cover, consisting of a disk which 
swings on a vertical shaft attached on the outside of the stack, and mov^ by the fireman frmn his 
platform, is used on European locomotives to regulate the draught. In the smoke-box, under the 
chimney and concentric with it, is attached the so-called “ petticoat-pipe,** JV, Fig. 2847. This is 
sometimes made in two telescoping parts, so that it can be Ici^hened or shortened. It is a conduit 
for the exhausted steam from the nozzles to the chimney. It is used only on American engines, and 
is said to produce an even distribution of draught through the different rows of tubes. 

Boiler Attachments. —A steam-gauge^ S\ Figs. 2848 and 2846, the construction of which is the 
same as of the gauges used on the high-pressure stationary boilers (see Boilers, Steam), is placed 
on the crown-sheet facing the engin^river. A glass water-gauge, k'\ and three or more gaugc- 
cocks, Fig. 2846, are placed on the fire-box back sheet, directly under the eye of the driver, and 
serve to show the height of water in the boiler. 

Safety- Valves ,—Two or more safety-valves are usually provided to prevent the steam-pressure in 
the boiler from exceeding a certain limit, 120 to about 145 lbs., and thus to guard against the danger 
of explosion. Two Idnds of these valves are in ordinary use on American locomotives. One of these 
is the common safety-valve, which is loaded by a spring-balance, o'. Fig. 2846, consisting of a spiral 
spring, usually attached to a handle o" on the steam-gauge stand, and acting on the longer end of a 
lever Fig. 2848. At the other end of the lever is the fulcrum, fixed on the steam-dome cover; the 
lever presses down the valve, which is placed at a short distance from the fulcrum. The engine-driver 
can release the valve from pressure, or load it, by means of the handle <f\ The other valve used is 
known as Richard8on*s valve. It has its spring directly over it, and is so constructed that the escap¬ 
ing steam strikes a cavity surrounding the outside rim of the valve, and is deflected downward, where 
it meets another cavity in the valve-seat. By this means the pressure of steam on the valve is in¬ 
creased immediately after the valve is opened, and thus the increase of the pressure of the spring, 
resulting from its eompression, is counteracted. Safety-valves are sometimes loaded with weights 
suspended at the end of levers, but springs are more commonly used. To effect a constant pressure 
on the valve loaded by a spring, connected to the end of a lever, Mr. Meggenhoffen has invented an 
arrangement which consists of a bcll-crank, one arm of which is connected with the spring and the 
other with the lever. When the valve is closed, the arm of the bell-crank which is acted upon by 
the lever is in a vertical position (position of the axis of the spring); and when the valve rises, this 
arm changes its position from vertical toward horizontal. Just the opposite position is that of the 
other arm of the bell-crank, which is acted upon by the spring. To produce an equilibrium, the mo¬ 
menta of both forces acting on the two arms of the bell-crank must be equal; that is, the force 
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acting at the end of the lever, produced by the steam-pressure on the valve multiplied by the hori¬ 
zontal distance from the fulcrum of the bell-crank, must be equal to the force of the spring multi¬ 
plied by the horizontal distance from the same fulcrum. When the valve rises from its seat the force 
of the spring increases, but at the same time its horizontal distance from the fulcrum diminishes, 
while the distance of the other applied force from its fulcrum increases. It is evident that by giving 
the proper proportions to the arms of the bell-crank, a constant equilibrium can be produced. The 
Ramsbottom safety-valve is another device which of late years has been introduced on European 
locomotives. This consists essentially of two valves loaded with two springs by a direct pressure; 
the lift of the valves being very small, the force of the springs is nearly constant. On American 
locomotives, as already stated, there are only two safety-valves, both placed on the steam-dome 
cover; in Europe three or more valves are used, which are usually attached to the steam-dome cover 
and at some other part of the boiler. 

A tt 0 con-whu(le, W, figs. 2842, 2843, and 2846, is placed on the dome-cover, and is operated by a 
lever y, with handle t" placed convenient to the hand of the engine-driver. This serves for signal¬ 
ing between the driver and brakemen, etc. Two heaUr-cocks^ a", a", Fig. 2846, attached to the 
crown-sheet, allow of the passage of steam for heating water in the tender with the superfluous 
steam from the boiler, when the throttle is shut. A blotoer-eock^ b'\ Fig. 2846, is attached to the 
. crown-sheet, and serves to increase the draught in the chimney by admitting a jet of steam directly 
into the chimney, as practised in Europe, or under the petticoat-pipe, as in this country. 

Pumps ,—One or two force-pumps serve to supply the boiler with water. These are of the single- 
acting plunger type, as represented in Fig. 2868. The plunger is moved either by an eccentric 
fixed on the axle, or by a rod attached to the cross-head (see />', Fig. 2844) in the pump-barrel 
A A, being kept air-tight by means of a stuffing-box C, The pump-barrel is cast in one with a per¬ 
pendicular cylinder, which communicates at the bottom with the suction-pipe i), leading from the 
water-tank, and at the top with the discharge-pipe EE, which communicates with the water-space 
of the boiler. The communication between the pump-barrel and the two pipes is governed by two 
ralv^ G and E, called respectively discharge and suction valves. These are of cylindrical form, 
fitted water-tight to the seats pp. Their movement is guided and limited by “stops” or “cages” 
k k, shown more clearly in Fig. 2864. 
the barrel, a vacuum is there created, 
the dischaige-pipe A', while the valve 
i^will be lifted from its seat by the 
pressure of the water in the tank. 

Consequently the barrel will be filled 
with the supply-water. When the 
plunger makes its return stroke, it 
presses on the water in the barrel, 
which then closes the valve E and 
opens the valve G, entering through 
the latter to the discharge-pipe. To 
prevent the damaging ^ect of the 
sudden arrest of the motion of the 
water, when reciprocating, air-cham¬ 
bers J and KK are attached respec¬ 
tively above and below the discharge 
and suction valves. When the wa¬ 
ter reaches the height dc of the dis¬ 
charge-pipe in the chamber J, it be¬ 
gins to compress the air inclosed 
therein, which thus forms an elastic 
enshioo. The same effect is pro¬ 
duced in the air-space between the 
blinder L and K K when the water 
readies the height a b. The dis¬ 
charge-pipe ^communicates with the 
boiler through a second discharge- 
valve H, called “check-valve,” of 
the same construction as the other, 
which closes against the steam-pres¬ 
sure from the boiler. Its object is 
U> prevent the hot water from entering the pipe, and also to prevent its leaking out from the boiler 
in case the pump should be damaged. In the air-chamber J, at m, is attached a cock, called the “ pet- 
cock,” which can be opened by means of a rod with the handle placed in the cab. The discharge of 
water through this shows whether the pump is working. The pumps are attached to the frames as 
shown in figs. 2843, 2844, and 2846. 

The water-supply of the pumps is regulated by so-called “ feed ” or “ lazy cocks,” which are placed 
under the footboard (see L\ Fi^. 2842, 2848, and 2846), These are coupled to the pipes and connect 
them to the tank; they are operated by rods and handles. The handle for the right-hand side lazy- 
cock is provided with a “quadrant ” D", Fig. 2846, on which the amount of opening is shown by a 
fin^r. 

(see Injkctors) are widely used for feeding locomotive boilers, either replacing the pumps 
or being us^ in addition to them. 

Ths ThrMe•Valve ,—^The admission of steam from the boiler to the cylinders is regulated by the 


The action is as follows: When the plunger is drawn out of 
The valve G will thus be closed by the pressure of water in 
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throttle-valve h. Figs. 2847 and 2848, usuallj placed in the steam-dome, and sometimes in the 
smoke-box. In this country the form of valve almost exclusively used is known as the poppet-valve. 
This is made double to counterbalance the steam-pressure, and to hold the valve on its seat. A cast- 
iron pipe /, called throttle-pipe, is fastened in a vertical position in the steam-dome, and has horizontal 
branches at the bottom and the top. The top branch ends with a short vertical cylinder hj open 
at both ends. These ends are closed by two circular disks, connected together, and constituting the 
valve. The upper disk opens the cylinder by being raised to the outside, and the lower by being 
moved inside of the cylinder. It is evident that when the valve is closed the steam presses at the 
upper side of the top disk and at the lower side of the bottom disk, and if the two disks have the same 
area both pressures are balanced, and the valve can be opened without presenting any resistance; 
but as it is important that the valve should close the throttle tightly, the upper disk is made slightly 
larger than the lower one. It being difficult to make two such disks thus connected to fit perfectly 
on their seats, an arrangement has been adopted in Europe in which the upper disk only is used as a 
valve, while for the lower one is substituted a piston packed with rings. The object of the lower 
piston is only to balance the pressure, and not to admit the steam. The valve is fitted on a vertical 
rod, which connects by a bell^rank with a horizontal stem j, provided with a stuffing-box at the back 
sheet of the fire-box, or in some cases at the steam-dome. . The stem is pivoted to the throttle-lever 
(see z. Figs. 2843 and 2846^ which, by means of a latch fitting into notches of a segment, can be 
fastened in any position. Sometimes a more complicated arrangement is used—geared wheels, or a 
combination of levers—to enable the engine-driver to regulate very minutely the opening of the 
throttle. 

The most common form of throttlo-valve used in Europe is a slide-valve with several ports, to 
diminish its travel 4 such valves are mostly verticaL They move between guides, and have a spring 
pressing them to the seat. The object of this is to allow a little play between the valve and its seat, 
which prevents breaking of the throttle when the engine, on beuo^ reversed while in motion, pumps 
air toward the boiler. To counteract the pressure of steam, which opposes the opening of such 
valve, a second and smaller valve, sliding on the back of the first, is often attached to it; this small 
valve, being moved at first, opens two small ports, through which steam is admitted on the other 
side of the large valve, balancing thus the pressure. Further movement of the small valve will take 

with it the large valve. It being necessary to lubricate 
such valves, an oil-cup is pla<^ on the dome-cover, 
from which oil is carried to them by a small pipe. 

Instead of a throttle-lever, as used in Anierica, a 
crank attached to a horizontal shaft, which imparts 
its movement to the valve-stem by means of an arm, is 
often employed in Europe. 

The lower horizontal branch of the throttle-pipe com¬ 
municates by a so-called “ dry pipe,” m m. Fig. 2847, 
with a casting n. Figs. 2847 and 2855, attached to the 
smoke-box tube-sheet, and named T-pipe.” The two 
branches of this communicate with the steam-pipes o o 
leading to the cylinder castings. 

I7ie sUam-pipea in America are always placed in the 
smoke-box. In Europe they are often placed on the 
outside, when they branch off directly from the throt¬ 
tle, and are carried out through the shell of the steam- 
dome, which is near the cylinders; or the throttle, be¬ 
ing somewhat differently construct from the manner 
almve described, is attached to the top of the boiler, 
near the smoke-box, and takes steam through a dry 
pipe from a steam-dome, placed at the fire-box end of 
the boiler. Sometimes two steam-domes arc used, the 
throttle communicating with both. Steam-pipes are 
usually connected together with ball-joints, which ad¬ 
mit of an easy adjustment, notwithstanding the irre^- 
larities caused by inaccurate construction or the inlu- 
ences of temperature. 

The ExhauaUNonlee, —Steam, having made its way 
through the throttle and steam pipes into the cylinder, 
escapes, after performing its duty, through the ex¬ 
haust-nozzles (//, Hg. 2865) into the smoke-stack. 
No better use could be made of it, this being the only 
means of creating draught By this means a small 
locomotive boiler is able to generate steam in sufficient 
quantity, and more rapidly than any other kind of boiler. 
The smaller the openings of the nozzles, the greater the 
rapidity with which the steam escapes through them, and the ^tter is the draught; but there is a 
limit to the diminution of this opening, as upon it also depends the back pressure on the piston in 
the cylinders. To enable the engine-driver to regulate the exhaust, a variable opening to the nozzle 
is sometimes given. An exhaust-nozzle consists of a conically-shap^ cast-iron pipe, which communi¬ 
cates with the exhaust-pipes e e ot both cylinders, and either joins them in one opening, when it is 
called ** single nozzle,” or only brings them close together without joining them. When there are 
two openings the term ** double nozzle ” is used. The double no^e is not employed in Europe. 


2856. 
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The nozzle is there always carried up to the base of the smoke-stack, while in America it ends where 
the pettiooat-pipe begins. The variable exhaust-nozzle is constructed in various ways; but usually 
it consists of two conical frusta, the upper one being the smaller, and arranged so that it can slide 
up tnd down in the larger one. When 
mored to its highest point, it forms 
with the other a single cone, and the 
opening of the nozzle is then most 
contracted. 

The 1axx>motivx Steam - Engine. 

— The CjfUnderM .—The locomotive 
steam-engine consists of two cylin¬ 
ders, A A, Figs. 2842 to 2346, acting 
on the same shaft or axle by means 
of cranks placed at right angles to 
each other. The cylinders are of the 
same construction as for ordinary sta¬ 
tionary engines. (See Engines, Steam, 

Stationabt Reciprocating.) Their 
axes are parallel with that of the boil¬ 
er, tnd they are placed usually at the 
smoke-box end—exceptionally toward 
the centre of the locomotive. Regard¬ 
ing the position of the wheels, the 
cjlinders are placed either on the in¬ 
side or the outside of them; the lat¬ 
ter design is more general, and in 
• this country is almost exclusively 
used. In the first case they are lo¬ 
cated under the boiler, with steam- 
chests usually in the centre, to which 
steam- and exhaust-pipes are directly 
attadied. In the second case, either 
a separate casting, containing inter- - 
mediate pipes for steam and exhaust, 
joins the (flinders, and forms a so- 
called **saddle’’ or seat for the smoke- 
box, or one-half of such saddle is cast 
to ^ch cylinder, and the two are bolt¬ 
ed together. The latter arrangement, 
which is the most common in Amer¬ 
ica, is represented in Fig. 2866, which 
shows a cross-section through the ex- 
baost-pipe of the one and through the 
steam-pipe of the other cylinder. The 
letters of reference designate the fol¬ 
lowing parts: At 2> /> are the two 
outingB, which are bolted together at 
j, and to the locomotive frames 
bj bolts mk ; the smoke-box sheet 
res^ at BEoa the saddle. AX J J 
^ the steam-chests, separate cast- 
im which are closed with covers 
An, and secured together with them 
to the cylinders by bolts pp. At VV 
are the valves (one shown in section, 
the other in end view), which slide on 
the valve-aeats hg. At G O ere the 
ejUnder steam-pipes, through which 
t^ steam flowii^ from the boiler 
steam-pipes O O enters the steam- 
ehests. At H H ere the cylinder ex- 
^ haust-pipes, through which the steam, leaving the cylinders through the cavity under the valves, 
eatm the exhaust-nozzles CO, At a a are two rings which can be fitted on the exhaust-nozzles to 
diminish their openings, or to enlarge them when removed. At 6 6 are the set-screws to fasten the 
rings a a on the nozzles. At C C are the cylinder-cocks, which can be opened or closed from the 
cab, and are connected to a lever and rods operated by a handle /", Fig. 2846. These serve to dis¬ 
charge the condensed water from the cylinders. Atwww are the cylinder laggings or jackets, usually 
of wood with a metallic sheet on the outside, which protects the cylinders from the loss of heat by 
radiation. 


The steam-chests on outside cylinders are usually plaoed on the top, and rarely at the bottom or 
rides. The distribution of steam in the cylinders is effected by means of the ordinary three-ported 
iBde-valve, and only in Europe, occasionally, a separate cut-off valve is used. Locomotive engines, 
*>ring of variable expansion, where the changeable cut-off is effected by the change in the travel of 


Digitized by v^ooQle 



314 LOCOMOTIVE, DESCRIPTION OF PARTS OF THE. 


the valve, require unusually long eteam-ports to diminish the losses in efficiency of steam from 
wire-drawing. The steam-ports are thus made in length nearly equal to the diameter of the cylinder. 
To prevent the wire-drawing of steam on account of small opening of the ports, the Allen valve 
is largely employed in Europe. It is the common slide-valve with an inside channel around its ez- 
haust-port, which begins as near the edge of the valve as practicable. When the valve with its 
steam-edge has opened one of the steam-ports, the channel is also uncovered at the other end to the 
steam of the chest, its edge having passed the edge of the valve-seat, and the steam is thus admitted 
into the cylinder-port from the outside and through the channel. The slide-valve is attached to a 
wrought-iron yoke,” which is made solid with the stem; the latter is connected to the valve-rod 

by means of a key or a right- and left- 
screw, or by being pivoted. The 
steam-chest is either cast solid with 
the cylinder, or is a separate piece. 

It has one or two stuffing-boxes, the 
latter arrangement being used when 
the steam-chest is not on the top of 
the cylinders, in which case the vfdve- 
stem projects at both ends of the chest. 

To lubricate the valve-seat and the 
cylinder, a self-feeding oil-cup is placed 
on the steam-chest cover, or the oil is 
carried through pipes connecting the 
chests with the oil-cups c", c". Fig. 
2846, placed on the boiler, in the cab. 
On locomotives provided with the Le 
Chatelier apparatus (see Brakes), wa¬ 
ter is sometimes admitted into the 
steam-chest for lubrication. The cyl¬ 
inders are closed writh cast-iron covers 
bolted to their flanges. The pistons 
are packed with Babbitt brass or cast- 
iron rings, and are attached to the 
piston-rod with a nut or key. At the 
other end of the piston-rod, which 
crosses the cylinder-cover throng a 
steam-tight stuffing box, is keyed on 
the cross-head. (See A, Figs. 2842 to 
2846.) 

Locomotive croso-heade are of sev¬ 
eral forms, and arc made of cast or 
wrought iron or steel. A common 
American form of locomotive cross¬ 
head is one with two slides, placed re¬ 
spectively on each side, moving be¬ 
tween two pairs of guide-bars. The 
wrist-pin, which joins the connecting- 
rod with the cross-head, is cast solid 
with it. Sometimes the cross-head is 
made to slide on one bar only, the 
wrist-pin being then placed below the 
bar, as also me connection with the 
piston-rod. In Europe, and on most 
of the American freight locomotives, 
the cross-head is made to slide be¬ 
tween one pair of guide-bars, such 
construction being preferable as it 
takes less width. Cross-heads are of¬ 
ten provided with brass gibs, or plates 
plao^ on slides, with an adjustment 
to take up the wear. They are lubri¬ 
cated from cups attached to the guide- 
bars. 

The guide-bars (see g g\ Figs. 2844 and 2846) are attached to the cylinder-cover at the one end, 
and at the other end to a “ yoke-brace,” /, which brace is fastened to the locomotive fram^ and in 
this country also to the boiler. Guide-bars are always square-shaped, of steel or wrought iron, and 
serve to guide the cross-head in its straight-line motion. If no provision is made to take up the 
wear on the cross-head slides, this is accomplished by bringing the guides nearer together, by filing 
off the blocks on which the guides bear. The motion of the cross-head is transmitted by a main 
connecting-rod to the crank-pin of the main driving-wheel (see the general drawings. Figs. 2842 to 
2846), ifhich, if there are more than one pair of driving-wheels, is coupled by so^^lled “coupling” 
or “ parallel rods ” with the crank-pins of the other driving-wheels. 

Connecting-Rods .—The usual form of locomotive connecting-rods is shown in Figs. 2867 and 2858, 
representing respectively the main and the parallel rod. The main connecting-rod is coupled at A. 
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irith the cross-head, the pin of which is grasped by the brasses /«, secured to the rod with a strap 
i« and bolts; a key provided with a screw-spindle and two nuts at ar, serves to take up the wear 
of the brass ring, which is for that purpose made in halves. The complete end of a connecting-rod 
is called “ stub-end.” The other stub-ends of the connecting-rods are, as seen in the engraving, con- 
Btrocted similarly to the one described, the only difference being that the parallel rod has at one end 
(sometimes at both) two keys, one on each side of the crank-pin. The object of this is to keep the 
distance between the centres always the same, and equal to the distance between the axles. To 
dimmish friction and prevent heating, each stub-end is provided with an oil-cup which lubricates the 
bearing. A parallel rod which couples three or more axles is made in two or more parts, which are 
jointed together by pivots; such arrangement is necessary, as the axles, and consequently the crank- 
pins, following the inequalities of the track, are often out of a straight line. There are also other 
forms of stub^nds for locomotive connecting-rods besides those illustrated, namely, ends made solid 
with the rod, without a separate strap. The brasses are then held in position only by the keys. 
The use of a simple steel or brass bush in the parallel-rod stub-ends is popular in Europe. 

TU lAnk-Motum, —The distribution of steam on the locomotive engine is effected by the movement 
of a common slide-valve, in the same manner as on stationary engines; but as the locomotive has to 
nm in both directions, the valve must receive its motion from two eccentrics—one for the forward, 
the other for the backward movement. The change of action from one eccentric to another used to 
be accomplished at first by hand, by disconnecting the valve-rod from one of the eccentric-rods and 
connecting it with the other. Soon after, the ends of both eccentric-rods were permanently connected 
by a slott^ bar (see Figs. 2859, 2860, 2861), in which a block, pivoted with the end of the waive¬ 
rs moves up and down. The slotted bar, now commonly called a link ”—hence ** link-motion ” 
—b so arranged that it can be raised or lowered, so as to place the block in front of one of the two 
eccentric-rods, thus reversing the engine rapidly, even wUle the latter is in motion. The inter¬ 
mediate points of the link, between the eccentric-rods, also travel; but the nearer they are to the 
centre, the shorter is their movement. This property of the link-motion has been advantageously 
utilized to work the engine with variable expansion. (See Eugines, Steam, Stationabt Rxcipbo- 

CATniG.) 

There are various kinds of link-motions now used on locomotives, some receiving the movement 
from eccentrics, others from cross-heads and eccentrics, or from cross-heads and connecting-rods; 
bnt the largest application, and in America that which is almost exclusively used, is the Stephenson 
link-motion, fig. 2869 shows the arrangement of this device on an American locomotive. On the 
main driving-axle 8 are fastened two eccentrics, J and if, by means of screws or keys, with cast-iron 



ecmtric-straps on them, to which the eccentric-rods C and D are bolted; the eccentric-rods are 
jrinted with the link by means of pins e and /, and knuckle-joints; the centres of these pins can also 
be placed on the centre-line of the link, on the outside of the extreme ends a 6 of the link. B is 
sliding block, which imparts its movement to the lower rocker-arm h c, by means of a pin e, A 
pin t connects the upper rocker-arm h i with the valve-rod k ; A is the rocking shaft, which transmits 
the movement from one rocker-arm to the other, and which is attached to the locomotive frame by a 
rocker-box. as shown. The introduction of a rocking shaft in the link-motion is peculiar to American 
praedee—the cylinders with steam-chests being outside and the eccentrics inside of the wheels. The 
hnk is suspended at its centre on a hanger, g 1, which is pivoted at / with the link-saddle L Af, 
bolted to the link. The hanger at g is pivoted with an arm E of the lifting or reversing shaft A, 
vhidi shaft has another arm parallel with it, and on it a second link for the other engine of the 
locomotive is suspended. A third arm jP, on the shaft A, is pivoted to a rod called reach-rod, 
^Indi at its other end connects to the reversing lever placed in the cab. The point of suspension 
of the link, /, swings in an arc of a circle whose radius is ^ / and the centre g. This centre g is 
*totkmary for a certain point of cut-off; but when the latter has to be chang^, or the engine re¬ 
versed, t^ reversing shaft is moved by means of the reversing lever and the rod G. The centre g 
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describes a circle with the radius A g from the centre A. As the links and their attachments are 
of considerable weight, and besides the friction of the valve opposes any change of position, it is 
necessary to counterbalance this whole resistance. This is accomplished by a spring placed in a 
casing and fastened to a cross-brace n, which, acting on a rod m attached to a short arm o of the 
shaft A, assists the engine-driver in raising the link. Counterweights are used for this purpose in 
Europe. 

The Stephenson link does not give a perfectly correct distribution of steam; the lead varies for 
different points of cut-off, the period of admission and the beginning of exhaust are not alike for 
both ends of the cylinder, and the forward motion varies from the backward. All these irregular¬ 
ities—which could be almost nullified if the space and other considerations in regard to the whole 
locomotive would admit of giving the proper proportions to the different parts of the link-motion— 
are practically so far overcome as to ^ disregarded. Usually the forward gear of the link-motion 
is corrected, but this, being accomplished at the expense of the backward gear, can be advantageous 
only for locomotives running in one direction, and not for double-enders. 

The correctness of the distribution of steam by Stephenson’s link-motion depends upon conditions 
which, as much as the circumstances will permit, ought to be fulfilled, namely: 1. The link should 
be curved in an arc of a circle whose radius is equal to the length of the eccentric-rod. 2. The 
eccentric rods ought to be long; the longer they, are in proportion to the eccentricity, the more 
symmetrical will the travel of the valve be on both sides of the centre of motion. 8. The link ought 
to be short. Each of its points describes a curve in a vertical plane, whose ordinates grow larger 
the farther the considered point is from the centre of the link; and as the horizontal motion only 
is transmitted to the valve, vertical oscillation will cause irregularities. 4. The link-hanger ought 
to be long. The longer it is, the nearer will be the arc in which the link swings to a straight Ime, 
and thus the less its vertical oscillation. If the link is suspended in its centre, the curves that 
are described by points equidistant on both sides from the centre are not alike, and hence results 
the variation between the forward and backward gear. Should tlie link’s centre move in a straight 
line (this has been accomplished by Von Landsee, but with some complication in construction), the 
movement of both halves of the link would be alike. If the link is suspended at its lower end, its 
lower half will have less vertical oscillation, and the upper half more. Such a mode of suspension 
would be advantageous for an American locomotive, the lower half of the link being its forward 
gear. 6. The centre from which the link-hanger swings changes its position as the link is lowered 
or raised, and also causes irregularities. To reduce them to the smallest amount, the arm of the 
lifting shaft should be mode as long as the eocentric-rod, and the centre of the lifting shaft should 
be placed at the height corresponding to the central position of the centre on which the link-hanger 
swings. 

All these conditions can never be fulfilled in practice, and the Tariations in the lead and the 
period of admission can be somewhat regulated in an artificial way, but for one gear only. This is 
accomplished by giving different lead to the two eccentrics—which difference will be smaller the 
longer the eccentric-rods are, and the shorter the link—and by suspending the link not exactly on 
its centre-line, but at a certain distance from it, giving what is called “ the offset.” 

Regarding the connection between the link and eccentrics, there are two cases to be distinguished: 
If the crank is in its forward centre (toward the linl^, and the eccentric-rods do not cross each other 
(that is, when the upper eccentric connects with the upper end of the link, and vice vcr8a\ the link 
is said to be with ” open rods; ” while if the rods, in this position of the gear, cross each other, the 
link is said to be with ” crossed rods.” The difference of action in the two cases shows itself in the 
lead, which increases when the link is shifted from the full to the mid gears. 

The following are other forms of link-motion which are applied to locomotives in Europe; The 
Gooch link-motion consists of a stationary link, in which the block is raised or lowered to effect the 
different expansions or the reversing of motion. The block is jointed to the valve-rod, the other end 
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of which is pivoted with the valve-stem. The curvature of the link faces the valve-rod, and its radSus 
is the length of the rod. Hence it follows that the block can be shifted without producing any 
change in the position of the valve^ admitting thus a constant lead. 

The Allen link-motion is the combination of the two foregoing. It has hitherto been a difficult 
job in the workshops to finish a curved link, especially one of a large radius, and the Allen link- 
motion has been devised to overcome this difficulty. It is represented in Fig. 2860, and consists of 
two eccentrics acting on a straight link Z / a valve-rod i2, jointed at its end a to the sliding blo^, 
which is pivoted to the valve-stem SvXh ; a reversing shaft A, which has two arms, A B a^ A <7, 
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on which, bj means of the hangers Be and Co, the link and the valve-rod are suspended. The 
rerersing shaft is moved by a lever placed in the cab, with which it is connected by the reach-rod C. 
When the motion has to be reversed from the position shown in the engraving, the link is lowered 
while the valve-rod is raised. With this link-motion a constant lead is not obtained. Its variations 
are, however, smaller than is the case with the Stephenson link. The Allen and Gooch links both 
require a great deal of space, to enable the eccentric and valve rods to be of the proper lengths, and 
this is their great disadvantage. 

The Heusinger von Waldegg (also known as the Walshaert) valve-motion is used on the Belgian 
locomotives almost exclusively, and in America on the double-truck locomotives built by Mason. 
It is applied only on the outside. Its construction is shown in Fig. 2861. An eccentric iT, fixed on 



^ axle vertically to the crank (without the angle of advance), by means of the eccentric-rod 0 r, 
imparts its motion to a link pivoted at its centre L, A block B can be moved in the slot of the link 
bj means of the hanger C By attached in the usual way to the reversing shaft A, The block is 
joiiied by a pin to the radial rod .5i>, which is pivoted at i) to a lever E F, The lower end of the 
lever EF\b pivoted at 7^’to the cross-head, giving thus a rocking motion to the lever, which at E is 
jointed to the valve-rod v v. To understand the action of this arrangement, we may imagine the 
crank-pin to be on one of the dead centres. In this position the eccentric, having no angle of ad¬ 
vance, gives no lead to the valve; which is, however, obtained by the position of the lever E Fy 
^ch at this moment stands at an angle to its central position. The rotation of the eccentric will 
impart a rocking movement to the link, which, acting on the valve-rod by means of the rod B D and 
the lever D Ey moves the valve. When the crank arrives at the second dead centre, the eccentric 
has left the valve in its middle position, but the lever EF has carried it farther by its angular posi- 
fion firom the other side of the central line, and has given the lead. All that is here necessary to 
effect a constant lead is to make the slot in the link curved with the radius equal in length to the 
radial rod D B. It is also advantageous to make the line D L parallel to the line of motion. 

On some European locomotives a separate cut-off valve is introduced, but it has never found any 
large application. 

The shifting of the links or of the sliding blocks is usually accomplished by the reversing fever, 
which is always placed in the cab or on the driver^s platform, and has its fulcrum at the lower and 
a handle at the upper end (see O Oy Fig. 2843). This lever moves between two curved bars, w ie, 
called quadrants or sectors, provid^ with notches by means of which, and of a latch moved by a 
trigger, the lever can be locked in certain positions; the notches correspond with different points of 
catoff. Below the quadrants the reversing lever is pivoted with the reach-rod. To enable the 
engine-driver to adjust minutely the point of cut-off, the reach-rod ends sometimes with a screw- 
q^le, which is moved by a nut of a hand-wheel; this arrangement is largely employed in Europe. 

Thi Rcxiciho Gxxr.—U nder this name is understood that portion of the locomotive which is the 
enpport for the boiler and the engines, and which could be properly called the wagon. It consists 
of frimes, axles with wheels, and the intermediate parts which join the frames with axles, namely, 
nile-boxes and springs. The American truck, or ** bogy,^’ constitutes a separate, and, so to speak, 
•dditioiial part of the running gear. 

The Frame .—^The American and European frames are of entirely different construction. The 
former consists of two square-shaped wrought-iron bars, one on each side of the boiler, which extend 
d»e whole length of the locomotive, and project beyond both extremities of the boiler. (See HHHy 
Figs. 2842 to 2846.) If the locomotive is very long, these bars are made in two parts, securely 
hooted together. They are usually made straight from their back end until a short distance beyond 
Ike last driving-axle, where they are carried down to about the centre-line of the cylinders, having 
•writable recesses made to receive the cylinder castings. These bars are provided with vertical legs, 
tvo for each, and one on each side of the axle-boxes, which form so-called “ jaws ” or “ pedestals.” 
^ two legs of each pedestal are jointed together at the bottom by a bar call^ a ** clamp,” fastened 
with bolts. The pedestals are stiffened by a brace (also a square-shaped bar, but lighter), which is 
welded to the legs of two neighboring p^estals at their lower ends. The outside legs of the two 
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extreme pedestals have their lower ends braced diagonally to the upper frame-bar. On account of 
its shape, this frame is called a skeleton frame.*’ The frames are fastened to the boiler at the fire¬ 
box by so-called “ expansion pads,” which are plates embracing them and bolted to the fire-box, so 
as to allow the boiler to slide on them longitudinally, providing thus for its free expansion. A solid 
joint is effected at the cylinders, and through the interval between them with the smoke-box. The 
cylinder-saddles, which are bolted with vertical and horizontal bolts to the frames, and are themselves 
solidly bolted together and with the smoke-box, form a very strong bracing between the frames, 
replace advantageously the transverse braces used for this purpose on many of the European loco¬ 
motives. The yoke-braces are also fastened with angle-iron to the boiler, and sometimes extend 
across, joining the two frames. 

One or more cross-braces (see Fig. 2845), between the fire-box and the (flinders, join the 
frames together and with the boiler; and short vertical braces, , Fig. 2843, on each side, also con¬ 
nect the frames with the boiler. Each end of the frame is braced to the smokc-box at the fire-box 
back sheet, by round diagonal braces, as shown at /, Fig. 2848; the latter are, however, disappearing 
from use. A wooden bumper E\ Figs. 2842 and 2843, as long as the greatest width of the locomo¬ 
tive, connects the frames at their front ends. The back ends of the frames are connected with a 
flat horizontal wrought-iron bar, which supports the cast-iron bed-plate or foot-board, K' K\ Fig. 
2848, and the so-called house-brackets,” A" A’\ Fig. 2846, on which the cab Y F, Figs. 2842, 
2843, and 2846, is erected. At the bottom of the bed-plate is cast a pocket to receive one end of 
the draw-bar, where it is fastened by a pin 0\ Figs. 2848 and 2846. Two check-chains, A” Fig. 
2846, are attached to the cross-brace and the foot-board. These serve also to couple the engine with 
the tender. The frames on American locomotives are almost always placed inside of the wheels, 
and when they are outside thein construction is the same. The European locomotive frames are 
always made of plates, seldom exceeding 1^ in. in thickness, which are placed vertically, and have 
suitable openings cut out to receive the axle-boxes. (See illustiations of European locomotives in 
Locomotives, Classification and Forms of.) They are stiffened by cross-braces and angle-irons, 
attached to the fire-box in a similar way as in American practice, and only at the smokc-box«.are 
solidly joined to the boiler, by means of transverse braces. The latter are iron plates placed vertical¬ 
ly across and bolted to the smoke-box and frames by means of angle-irons. The cylinders, if placed 
inside, replace such braces by being bolted to the frames and the smokc-box. Outside frames are 
not often used, as the two inches which would be gained by such arrangement, ihe only advantage 
from which would be the making of the fire-box that much wider, are not worth the increased difiS- 
culty in construction. But double frames, outside and inside, are still made, although they are 
disappearing, for the reason that they necessitate double axle-bearings, which, besides other incon¬ 
veniences, do not wear uniformly. Cross-braces which are placed between the fire-box and cylinders 
are in Europe not fastened to the boiler, but are sometimes provided with brass slides, on which the 
boiler is supported. The front ends of these frames are jointed by a wooden or iron bumper, which 
latter consists of iron plates riveted to two channel-bars, forming thus a long hollow box, to which 
are attached a coupling hook and two spring buffers. The back ends of the frames are connected 
with vertical cross-plates. A horizontal plate placed on the top serves for a foot-board. The coup¬ 
ling arrangement between the European locomotive and tender usually consists of a draw-bar, or a 
hook of two links or rods, provided with screws and nuts by which they are fastened to correspond¬ 
ing rods of the tender, and of two check-chains. There are also other arrangements for coupling 
the locomotive with the tender in use. The draw-bars are usually provided with springs, to diminish . 
the effects of sudden shocks or pulls; and two spring buffers are always attached to the back end of 
the European locomotive. 

Locomoiive Wlieth and Axlm are either driving or carrying. The latter, if attached to trucks—as 
is always the case in America—are called truck-wheels. The - driving-wheels (ff F\ Figs. 2842 to 
2846) consist of wheel-centres and tires. The wheel-centres are in America made of cast iron, with 
hollow spokes, rims, and hubs, and are cast in one piece. The tires, usually of steel, are fastened 
on the centres by expanding them first by heat, and then allowing them to shrink on a centre, the 
outside diameter of which is made slightly larger than the inside diameter of the tire. A counter¬ 
balance weight is placed opposite to the crank-pin, which is either cast in the rim, or consists of 
plates bolt^ to the wheel-centres. The European driving-wheels, of wrought iron or steel, are a 
very difficult and expensive piece of work. They are fastened with tires, sometimes by shrinkage 
alone, but commonly by the addition of bolts and nuts. The tires are provided with flanges, to pre« 
vent the locomotive from leaving the track; their tread is not cylindrical, but conical. The driving- 
axles (B Fy Figs. 2842 to 2846) are made of wrought iron or steel, pressed in the hubs of the wheels 
by hydraulic or other pressure, and are secured from getting loose by square keys. That part of 
the axle which is in the hub is in European practice always made the heaviest Next comes the 
journal, which is separated from the central portion of t^e axle by a collar, to prevent a lateral 
slip of the axle-box. The centre has the smallest diameter. In American practice, the axle at the 
hub is usually made of a smaller diameter than at the journal, the object of this being to form a stop 
for the wheel when this is being pressed on the axle. On the main driving-axle B arc fastened 
the eccentrics (sec Figs. 2843 and 2846), which in Europe are forged in one piece with the axle, 
while in America they are made separate and fastened on the axles by bolts or screws. The main 
driving-axles are usually made of a uniform diameter, the whole length between the hubs. 

The main driving-axles for inside-cylinder locomotives have the cranks forged in one piece with 
them, being thus expensive and more liable to break. This alone is the principal cause why the in- 
side-cylinder locomotives are not popular in America. For the outside frames the axles have their 
journals outside, and need separate cranks, thus making the axles considerably longer. Such cranka 
are often made with long hubs, which serve at the same time for journals. The crank-pins are of 
wrought iron or steel, and are foroed into their bubs. The former practice of making them of a 
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conical shape at the hub, and securing them with a nut, has disappeared. The carrying wheels of Eu¬ 
ropean locomotiTes are either of wrought iron or steel, and have steel tires. Their axles have either 
inside or outside journals, or both, according to the arrangement of frames. The American truck- 
wheels {EE, Fig. 2842) are of cast iron, and are either chilled on their treads (the same as car-wheels) 
or provided with tires. 

The wheels standing on rails are the carriers of the whole weight of the locomotive, which rests 
on their axles; and as the axles revolve with the wheels, instead of being stationary as on ordinary 
rood wagons, it is necessary to provide suitable bearings which can be lubricated, in order to diminish 
the friction and prevent heating. Locomotive axle-boxes are made for that purpose. They consist 
of cast-iron bloc^ with cylindrical holes, which fit on the axle-journals, being provided with semi- 
drcular brass bearings (as a better wearing material). The portion directly under the axle is cut out, 
and for it a hollow box, called ** oil-cellar,** is substituted, which being fastened by bolts can be read¬ 
ily taken out, filled wi^ waste and oil, and replaced. A cavity on the top, with a hole cut clear to 
the journal, serves also as an oil-receptacle. The axle-boxes are placed between the legs of a frame- 
pedestal, which are called “axle-guards.** Vertical ribs cast on the sides of the axle-boxes, between 
which passes a leg of the frame-pedestal, prevent them from slipping laterally. As the frame is 
supported on the axle-boxes by springs, it follows that any shocks caused by the unevenness of the 
tnA will move it up and dowm, resulting in a wear either of the box or the pedestals, or both; giv- 
ii^ thus a play or lost motion which is damaging. To prevent this, a cast-iron wedge, that can be 
moved up or down by means of a screw-spindle and a nut, is introduced between the box and the leg 
of the p^estal, on one side; and a fixed cast-iron j^late, called a “ shoe,** is often introduced on the 
other side. 

The springs are usually of the elliptical shape, and on American locomotives are placed above 
the axles. They consist of several steel plates, placed one on the other, the first of which is the 
longest, each subsequent one being shorter. The plates are held together by a wrought-iron band 
sarrounding them, and are bent into a shape nearly that of an arc of a circle, with its concave side 
uppprmoat. A casting, called a “ spring-saddle,** or an iron bar bent in a suitable shape, stands on 
t^ axle-box and supports the spring at its centre, the frame passing between its legs, where a play 
is given to admit of vertical motion. The frame is suspended on springs from their ends, on so-called 
“ spring-hangers,** which are either single bars passing through slots made for this purpose in the 
frames, or double bars passing on both sides of the frame. At the lower end of the hangers is at¬ 
tached a casting which, through an India-rubber plate, supports the frame. In Europe the springs 
are attached either to the top or the bottom of the axle-boxes. The hangers are riveted or bolted to 
the frame at the one end, while at the other end they are provided with screw-spindles and nuts, which 
admit of regulating the load on the springs. Spiral springs are seldom used. 

To divide the loi^s on the axles equally, equalizing levers are introduced, which are always used 
on American locomotives, and to some extent also on European ones. The equalizing lever (see/* r. 
Fig. 2844) consists of a horizontal bar, placed between two axles, the ends of which are suspended 
OQ two hangers of the neighboring springs. In its centre, by means of a stand, also called a “ ful- 
which is bolted to the frame, rests the weight of the locomotive, namely, that portion of it 
which loads the two axles. The fulcrum, being exactly in the centre, divides the weight equally on 
both springs or the axles. The effect of shocks to any of the wheels, when passing a rail-joint, etc., 
is also imznediately transmitted to both springs, thus producing much easier motion. 

The eight-wheeled American locomotive, like the one illustrated here, is thus supported in two 
points at the back end, and, as we shall explain presently, at only one point in its front end, consti¬ 
tuting thus a three-point support which is advant^eous. 

Excepting the switching locomotives, and in some few other rare cases, all American lo¬ 
comotives are provid^ with trucks, which arc their most characteristic feature. The truck admits of 
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nmning on very sharp curves, notwithstanding a long wheel-base, with steadiness and a degree of 
»fety unequaled by other locomotives. There are several kinds of trucks. The ordinary four- 
wheeled centre-bearing truck is shown in Figs. 2862 and 2863, representing respectively its longitudi¬ 
nal and cross sections. It consists of four wheels, A A, which are either composed of cast-iron 
eenirea wHh steel tires, or oftener are of the chilled cast iron used on American cars. Their axles 
are prorided with inside journals, carrying boxes of a similar construction as those of the driving- 
axles ; on each two boxes of the same side of the locomotive are supported two iron bars Z, oall^ 
equalizers, on whidi elliptical springs M, carrying the whole weight which is placed on the truck, are 
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suspended by means of bangers N attached to the equalizers by pins. The spring-hangers are equally 
distant from the centre of the equalizers, which is also the centre of the spring. In this way equal 
weights must fall on each of the axles. 

It remains now to describe how the weight of the locomotive is placed on the springs. For this 
purpose the cylinder-siddles are securely bolted to a casting call^ the upper centre-plate. This 

upper plate rests on the lower centre- 
plate C, which is bolted on the truck- 
frame. The forms of the centre-plates 
are such that they can move indepen¬ 
dently of each other around the com¬ 
mon centre. This arrangement admits 
of the truck taking a position almost 
tangential to the curvature of the track, 
and thus facilitates the movement of 
the locomotive on carves. A centre- 
pin passes through the centre of both 
the plates, and, having a head on the 
top and a key put through it at the 
bottom, prevents the truck from being 
separated from the locomotive in case 
of leaving the rails. The truck-frame 
E is of rectangular form, and foiged 
in one piece. The centre-plate is at- 
tadied to it by means of two longitudinal bars F and two transverse bars O, The bars G are trussed 
by two other bars Fig. 2863, all being bolted to the frame and connected with the centre-plate 
by bolts. The frame rests on the springs, and is provided with legs t/j which form the pedestals for 
the axle-boxes. No provision is made for the wear of these, as is the case on the pedestals of the 
driving-axles. Braces K unite the pedestals at the bottom. 

The truck as described admits only of the wheels moving around a centre which cannot leave the 
centre-line of the locomotive, but it is easily understood that when the truck enters a curve it has 
a tendency to move also laterally; that is, its centre has a tendency to leave the centre-line of the 
whole locomotive, and approach the radial centre of the curvature. To satisfy this tendency, the 
Bissell truck has been invented, which is so arranged that the lower centre-plate, instead of "being 
bolted to the frame, is allowed to slide on it laterally, a suitable plate bolted to the frame forming 
the bearing surface. In order that the transverse centre-line of the truck may assume a radial posi- 
tion to the curve, the truck-frame is attached to a bar, called the radial bar, the other end of which 
is pivoted on a fixed centre, at a distance back from the truck. The “ swing-truck ” is an improve¬ 
ment on the Bissell truck, and is regarded as the best device of the kind in use. In this, in place of 
the friction arrangement, the lower centre-plate A, Figs. 2864, 2865, and 2866 (representing the side 
view, plan, and cross-section of the swinging arrangement), has cast upon it extension By the ends 
of which are suspended on links C, called suspension-links. These links are attached to two diago¬ 
nal bars Ay fastened to the truck-frame. It is evident that by such arrangement the centre-plate, 
swinging on the hangers, can move laterally on the truck, which is thus independent of the centre¬ 
line of the locomotive. 

There are also two-wheeled trucks, which are usually made swing-trucks by a similar arrangement 
to that above described, and which require a radial bar, as otherwise they would only be pushed 
laterally by the curvature of the rails, without moving around the centre, as is necessary in order to 
have the axle take a radial position. 

Trucks are now (1879) not much used in Europe, though they are gradually being introduced. To 
enable European locomotives to run on curves, their wheel-bases are made short, and a lateral or 
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radial slip is allowed between the axle-boxes and the axle-guards on the two extreme ends. Should 
the latter be driving-axles, a play between the stub-ends and the shoulders of the crank-pins is also 
given. 

The Pilot .—American locomotives are provided in front with a “ pilot or “ cow-catcher,’’ 5, Fig. 
2842, made cither of wood or iron, the object of which is to clear the track from obstructions. It 
consists of a rectangular vertical frame, the upper side of which is fastened to the bumper, and the 
bottom side constitutes the base of a horizontal triangular frame, with its point in front. The two 
sides are connected with the upper side of the vertical frame by bars, which give to the pilot a shape 
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rimilar to that of a plough. In Europe, in place of the pilot, two bars are attached to the bumper, 
which are carried down to within a short distance from the rail, and serve the same purpose as the 
pilot. To the pilot, or directly to the bumper, is attached a bar Z', Fig. 2843, which is pivoted on a 
casting, and is called the “ push-bar,” as it serves to push the train that may be coupled on in front 
of the engine. 

Sand-Box .—On the top of the locomotive, or in some other convenient place, is the sand-box, F, 
Fig. 2843. This is a cylindrical box, placed on a cast-iron base, and provided with a cover. It holds 
the sand which is used to increase the friction between the rails and wheels in case the latter slip. 
For this purpose sand is carried from the box through pipes, which can be opened or closed by 
valves operated by a rod from the cab. The pipes extend to within a few inches of the rails, and 
deliver the sand directly under the wheels. 

American locomotives are always provided with hdU^ U, Fig. 2842, placed on the boiler in the 
neighborhood of the smoke-box, which are rung by a rope from the cab. Their object is to give 
framing of the approach of a locomotive. 

The headdiffhi, Fig. 2842, is a large lamp with a very powerful reflector, which serves to throw 
the beam a long distance on the track in front of the locomotive. The head-light is attached to the 
upper part of the smoke-box on brackets. 

A cab (sec V Y, Figs. 2842, 2843, and 2846) is always placed on the American locomotive. It is 
usually made of wood, with windows all around, and doors in front leading to the running-boards. 
It is supported on Bo-<^led “house-brackets,” A" Fig. 2846, of cast iron, which are fastened to 
the back-end cross-brace and the frames. Steps g’ q\ Fig. 2842, attached to rods suspended from 
house-brackets, afford easy access to the interior. 

The running-boards, i t. Figs. 2842 and 2845, arc narrow wooden boards, one on each side of the 
boiler, to which they are attached by brackets. They extend from the cab to the smoke-box. An 
iron plate, iX, Figs. 2842 and 2844, placed on the frames in front of the smoke-box, called the “ front 
pUiform,” allows an attendant to walk around the locomotive while the latter is in motion. 

Brakes are attached to locomotives, and may be either separate or in connection with the continu¬ 
ous brakes of the train. (See Brakes.) 

The Tsxder. —In order that the boiler may be constantly fed with water and fuel while the loco¬ 
motive is in motion, a supply of both is usually carried in a separate vehicle behind the locomotive, 
called the “ tender.” L^mo- 

tives designed for exceptionally 2867. 

heavy work, which require a 
great load on their wheels, car¬ 
ry their own supply, and there¬ 
fore are called “tank locomo¬ 
tives.” The tender consists of 
a frame supported on two trucks 
(resembling a platform car), 
having a water-tank and a space 
for cod on its top. The Amer¬ 
ican tender is represented in 
ride elevation and plan in Figs. 

2867 and 2868. The frame, A 
A, is usually made of wood, but 
■ometimes of channel-iron. Its construction is similar to that of a freight-car frame. The tender- 
trucks differ from engine-trucks principally in having outside axle-journals and no swing motion. 
They arc either of wo^ or of iron, and are represented as of iron in the engravings. To apply in 
this instance the principle of the three-point support, the trucks are often so arranged that the one 
in front supports the frame on the centre-plate, while the hind truck has two castings, AT AT, one on 
each side, on which the frame rests. On this account the first truck is called the “ centre-bearing,” 
and the second the “ side-hearing.” Many engineers prefer to have both trucks side-bearing. This 
is a safer arrangement, as in case 
a wheel of the first truck should 
break, the side-bearings will pre¬ 
vent it from tipping down. The 
tender axle-boxes are similarly 
constructed to those of a car. 

(See Railway Cabs.) The tank, 

C C C, is constructed of thin 
sheet iron, in the shape of a 
horse-shoe, to make room for 
fuel The sheet-iron rim D D, 
at its upper edge, prevents the 
fuel from falling out. The sheets 
of the tank are stiffened with an¬ 
gle-iron, and sometimes the oppo¬ 
site sides are braced with rods. The body of the tank, being wider than the fi*ame, requires cast- 
iron brackets to be bolted to the longitudinal members of the frame. The floor-timber which cov- 
ers the frame extends over these brackets, projecting beyond the tank, which is placed on it. The 
tank U secured on all sides from slipping by wooden mouldings, which are nailed to the floor, and 
also by a few wrought-iron ears, riveted to the tank and bolted to the frame. The tank is filled with 
water a round hole, E, called the ** man-hole,” as it is made always large enough to admit a man 
81 
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to clean the inside of the chamber. This hole has a sheet-iron neck, or a cylinder riveted around it, 
on top of which is placed a cover. The water from the tank is conducted to the locomotive pumps, 
or injector supply-pipes, by rubber hose FF^ which is attached to the bottom of the tank, at both 
its legs in front. By means of valves, operated by handles G Oy the openings through which the 
water flows from the tank to the hose are closed or opened. Strainers perforated with holes prevent 
the dirt from entering the pipes. The draw-bar H and two safety-chains d d are used for coupling 
the tender with the locomotive. Every tender is provided with a hand-brake operated by a wheel A. 

The European tender differs from that just described in having a sheet-iron frame, constructed 
similarly to the locomotive frame, and two or three rigid axles. The frames are brac^ by several 
vertical cross-sheets, uniting them, and the tanks aie usually fastened by being both riveted to angle- 
iron. The three-point support is also sometimes effected here by the use of only three sets of 
springs, two of which are placed between the two first axles, and the third crosswise on the hind 
axles. A glass water-gauge, or some other arrangement that shows the height of water in the tank, 
is usually attached to a European tender. 

To enable a locomotive tender to take in water while running, Mr. Ramsbottom has devised an ap¬ 
paratus consisting of a pipe attached to the bottom of the tank, with its upper end curved near the 
top of the tank, so as to discharge the water downward. To its lower end, on a transverse centre¬ 
bearing, is attached a scoop or dip-pipe, with a rectangular mouth directed to the front, and counter¬ 
balanced so that when not in use it is tilted up clear of the ground. A wooden or iron water-trough 
is laid on the track between the rails, with its water-level al^ut 2 inches higher than the top of the 
rail. In this the scoop is immersed about 2 inches under the water-level, when it is dropped in. 
These troughs are placed at points of the road where the tenders require to be supplied with water. 
On reaching a trough the fireman dips the scoop by means of a lever, and holds it down until suffi¬ 
cient water has passed up into the tender. This is shown either by the water-gauge, or by the dis¬ 
charge of water through the man-hole. The principle of action of this apparatus is bas^ on the 
law that the height to which a body can be raised is proportionate to the square of its velocity. The 
height to which water can be raised is thus proportionate to the square of the speed of the train, the 
action being the same whether the scoop is stationary and the water moves, or vice verta. It being 
known that a body thrown with the velocity of 82 feet a second will rise at the end of the first sec¬ 
ond to a height of 16 feet, it follows that the water will be forced to this height with a corresponding 
speed of the train, which is nearly 22 miles per hour, and to nearly 80 feet with a speed of 30 
miles. The theoretical quantity of water delivered is the cubic contents of the channel made by the 
mouth of the scoop and the length of its passage. This quantity is found to be obtained at a speed 
of about 83 miles per hour; but the differences are slight for adl speeds above 22 miles per boor, 
when nearly the full theoretical quantity is obtained. T. F. K. 

LOCOMOTIVE, LXTERNAL DISTURBING FORCES OF THE. Under this name are under¬ 
stood only those forces which are caused by the construction of the locomotive itself, and are not in¬ 
fluenced by any outside causes, as for instance the condition of the track. These forces are the re¬ 
sult of the action of the steam in the cylinders, of the redprocatincr or rotary movements of the 
masses, of the thrust of cross-heads on the guide-bars caused by the angularity of the connecting-rodii, 
and of the action of the tractive force. They cause disturbing movements to the locomotive which 
are of two kinds: movements of the upper portion of the locomotive, i. e., of that portion which is sus¬ 
pended on the springs ; and movements of the whole locomotive, axles and wheels included. Move¬ 
ments of the first kind are: 1. Uniform rise and fall; 2. Oscillation in regard to a horizontal axis 
parallel with the track, and passing through the centre of gravity; 8. Oscillation in regard to a hori¬ 
zontal axis perpendicular to the track, passing through the centre of gravity, which motion is sometimes 
named the overbalancing motion. Movements of the second kind are: 1. Periodical forward and 
backward movement (parallel with the track) during each revolution of the wheel; and 2. Oscillat¬ 
ing motion with regai^ to a vertical axis passing through the centre of gravity, due to the play be¬ 
tween the rails and wheel-flanges. Only such of the disturbing forces as are caused by the move¬ 
ment of the reciprocating and revolving masses can be neutralized by the application of the counter¬ 
balance weights to the driving-wheels. Movements due to the thrust of the cross-heads can be di¬ 
minished by increasing the wheel-base, by placing the cylinders nearer to the centre of the locomo¬ 
tive, so that the centre-line of the two cross-heads in their middle position would pass through the 
centre of gravity, and by increasing the lateral distance between the axle-springs. The position of 
the coupling-bar which unites the locomotive with the tender, and through which the tractive force is 
transmitted if placed above the centre of the axles, causes a partial unloading of the hind axle and 
overloading of the front axle; and any variation of the tractive force will thus cause a motion to the 
upper part of the locomotive. The position of the cylinders, whether inside or outside, has an in¬ 
fluence on the disturbing motions of the whole locomotive. The greatest stability is obtained if the 
cylinders are inside, the coupling-rods outside, and the main and coupling crank-pins opposite to 
each other. Le Chatelier was the first who applied counterbalance weights to locomotive driving- 
wheels, with the object of destroying the disturbing effects of the momentum of reciprocating parts. 

The following are formulaj by which the amount of the counterbalance can be determined : ♦ 

0 = -^ iQ‘±^± and O'=-(q’-^T 

r\ 2, 2,}' r\ 2 s 2,) 

where e is half the distance between the cylinder-centres, and also between the centres of gravity of 
the reciprocating parts acting on the main driving-wheels ; e', half the distance between the centres 
of gravity of the reciprocating parts acting on the coupled wheels ; «, half the distance between the 
rails or the centres of the wheels ; the weight of the moving unbalanced parts acting on the main 

• HeuBinger^s “ LocomotIvbBU,’’ pw 199. 
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crtnk-pins (these are pistons and cross-heads with their attachments, main connecting-rods, main 
crank-pins, and the cranks the weight of which has to be referred to the centre of crank-pins); 
the weight of the moving, unbalanced parts acting on the coupled crank-pin or crank-pins (these are 
parallel rods, crank-pins, and cranks referred to the crank-pins); Gy the weight of the counter¬ 
balance attached to the main driving-wheels; G\ the weight of the counterbalance attached to the 
coupled wheels; i?, the radius of the crank; and r, the distance of the centre of gravity of the coun¬ 
terbalance weight from the centre of the axle. The second factors of the formulm are to be taken 
with the upper signs if the main and the coupling crank-pins ai*e placed on the same side of the cen¬ 
tre of the axle (as in all outsidc-conncctcd locomotives), and with the lower signs if these crank-pins 
are placed opposite each other in regard to the centre of the axle. The counterbalance weights 
are commonly determined by adding equally divided parts of the reciprocating weights to the un¬ 
balanced revolving parts of each wheel, which are then the weights acting on each crank-pin re- 
qnirii^ to be balanced. Multiplying these weights by the radius of the crank and dividing them by 
Aie distance of the centre of gravity of the counterbalance, the result will be the weight of the 
oounterbalancc. T. F. K. 

LOCOMOTIVE, PROPORTIONS OF THE. In designing a locomotive, it is necessary first to 
know the weight of the train to be hauled, the speed at which the engine must nin between stopping- 
places, and the profile and the plan of the road on which it is to work. With these data given, the 
sixe of the locomotive can be ascertained, and the power and adhesion can be calculated. Often only 
the steepest grade and the curve which may accompany it are given; and if the grade be long, the 
speed with which the train has to run on it is also given. From these data the maximum capacity 
of the locomotive is ascertained. But to produce an economically-working locomotive, the best plan 
is to calculate also the mean average tractive force which the locomotive has to exert while running 
the whole distance of the road where it has to work. This can be accomplished with the help of the 
formnke given for calculating the train resistances, by multiplying the resistances on each different 
section of the road by its length, adding the results together, and dividing their sum by the total 
length of the road. This will give the average resistance. In these calculations the local meteoro¬ 
logical conditions should not be overlooked, as tlie nature, direction, and force of prevailing winds 
give rise to important factors in the resistances, and the humidity of the air influences the adhesion. 
Having also found the maximum resistance of the train (in which it is best to include the tender, 
whose size is usually known near enough beforehand), the adhesive weight of the locomotive neces¬ 
sary to overcome it may be ascertained if the coefiBcient of adhesion is known. Under ordinary cir¬ 
cumstances in America, a coefficient of one-fifth is sufficient for the purpose; but under special cir¬ 
cumstances, if the locomotive is to run in a tunnel or a mine, or in a locality where rain and fog 
prevail throughout the year, this coefficient has to be first determined. As a general rule, also, 
multiplying the maximum resistance in pounds by 5 will give the adhesive weight of the locomotive 
necessary to overcome the train resistance. The type of the new locomotive is usually also known, 
and with it the proportion of the dead weight (weight carried by the truck or the running wheels) to 
the total weight of the locomotive. If it be, for instance, the standard American locomotive, the 
dead wmght is one-third of the total, or one-half of the adhesive weight. Adding thus 60 per cent, 
to the adhesive weight obtained by the foregoing calculation, a total weight of the locomotive is found 
which would be suffident to overcome the train resistance alone. As the locomotive has to overcome 
also its own resistance, we have to add this to the train resistance, and a total resistance will thus be 
obtained, from which the adhesive weight of the locomotive, and also its total, can be calculated. A 
eorrectiem will still have to be made, as the resistance of the locomotive has been taken for a smaller 
weight than the actual. The final result will give a locomotive with suffident adhesion to overcome 
the maximum resistance, without admitting of the wheels skidding under ordinary drcumstances. 

The number of axles is determined from the weight of the locomotive, allowing a maximum of 12 
tons on a driving-axle (although this limit is sometimes greatly exceeded by some European design¬ 
ers), and about half that weight on a truck or running axle. 

The diameter of the driving-wheels depends upon the speed at which the locomotive is to run. 
Passenger locomotives have larger driving-wheels than freight locomotives, and in America the former 
are usnaLly made from 6 ft. to 6 ft. 6 in. in diameter, and the latter from 4 ft. to 6 ft On mountain 
locomotives or for narrow gauges they are made smaller than indicated by the above limits. In Eu¬ 
rope passenger locomotives have larger driving-wheels than in America, while the freight locomotives 
have smaller ones. The stability of the locomotive, depending upon the number of revolutions that 
the driving-wheel is making in a unit of time, gives the lower limit to the size of the driving-wheels. 
Thus the larger the diameter of the driving-wheel, the higher will be the speed at which a locomo¬ 
tive can be i^owed to run. There is, however, an obstacle to making large driving-wheels, as they 
necessitate an elevation of the boiler above the rails not at all favorable lo stability, and they also 
augment the weight of the wheels. The American passenger locomotive makes from 150 to 250 rev- 
olutions per minute, and the freight locomotive from 100 to 200. The diameter of the driving-wheels 
being given, or ascertained within the limits in regard to the number of revolutions which practice 
has shown as admissible, the size of the cylinders can be found by calculation. The tractive force 
which the locomotive has to develop roust be sufficient to overcome the total resistance of the whole 
train; and as it depends not only upon the size of the cylinders, but also upon the steam-pressure on 
the piston, this has to be determined at first. 

locomotive boilers are usually built to carry from 125 to 135 lbs. of steam-pressure per square 
inch, as shown by the gauge; but this whole pressure is probably never obtained in the cylinder dur¬ 
ing the admission, as friction, wire-drawing, and condensation will reduce it by about 10 to 20 per 
cent, of the boiler-pressure. To use the steam economically, the cylinders have to be made large 
enough to adroit of expansion, and on locomotive engines good results are obtained if the cylinders 
are made sufficiently large to develop a force equal to the average resistance of the train (as cal- 
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culated above) with an admission of steam of one-third of the stroke on passenger locomotives, three* 
eighths of the stroke on freight locomotives, and up to one-half on mountain locomotives. To find 
the average effective steam-pressure on the piston, the following table, which has been calculated by 
a formula given by Poncelct,* and where the average back pressure on the pistons has been taken 
equal to 7 ibs., will be found convenient: 


Admission In per cent, of the I 
stroke.J 

i 

* 

i 

i 

1 


i 

f 

i 

Average steam-pressure in per i 










cent, of the admission ofV 
steam pressure.) 

81.7 

83.2 

46.7 

63.5 

68.4 

75.4 

88.6 

1 

' 85.7 

69.0 


A greater admission than three-fourths of the stroke should never take place; and if the size of 
the cylinders, after being determined as sufficiently large to give a tractive force equal to the average 
resistance with the admission as given above, should not be sufficiently large to overcome the maxi¬ 
mum resistance with an admission of three-fouiths of the stroke, they would have to be made pro¬ 
portionately larger. The size of the cylinders is determined by the stroke of the pistons and the 
diameter. The length of the stroke is limited by the piston-speed, which is on passenger locomotives 
700 to 1,000 ft. per minute, and on freight locomotives 400 to 700 ft. The speed of the piston can 
be found by multiplying the number of revolutions of the driving-wheels by the double piston-stroke. 
According to the speed of the locomotive and the diameter of the driving-wheels, the stroke is thus 
determined. The stroke is also limited by the crank, the pin of which can be placed only at a certain 
distance from the rim or the hub of the wheel. The diameter of the driving-wheels, length of the 
stroke, and average steam-pressure being known, the diameter of the cylinders is found fiom the 
formula given for the tractive foice (sec Locomotive—Traction, etc.), and which can be written 



where d is the diameter of the cylinder, P the tractive force required, D the diameter of the 
driving-wheels, 9 the stroke, and p the average effective steam-pressure per square inch of the piston. 

If the resistances caused by the friction of the steam-engine mechanism, as that of the slide-valves, 
pistons, etc., are not included in the calculation of the resistance, they should be taken into account 
in the above formula for calculating the diameter of the cylinder, by substituting for p its value mul¬ 
tiplied by a coefficient of the effect, which varies according to the grade of expansion, and may be 
taken at 0.76 to 0.80 for an admission of one-fourth to three-fourths of the stroke. 

The dimensions of the boiler are determined by the amount of steam consumed per hour, which 
can be calculated by taking the contents of the cylinder from the beginning of the stroke until the 
admission is closed, adding to it the contents of the steam-port and the play of the piston, multiply¬ 
ing the result by 4 and by the number of revolutions in an hour. The weight of this steam can be 
found by multiplying its volume in cubic feet by the weight of a cubic foot of the saturated steam 
under a pressure corresponding to the admission-pressure in the cylinder, which will represent the 
weight of the water evaporated in the boiler per hour. From 16 to 16 per cent, more should be 
added for losses which result from a portion of water being carried off by steam, and from leakage. 
One square foot of heating surface will evaporate from 8 to 12 lbs. of water per hour; but Uie 
evaporation may be more than this, it depending largely upon the proportion of the giatc to the 
heating surface. The heating surface is divided into the direct heating surface, or tliat of the fire¬ 
box, and the indirect heating surface, or that of thd tubes. The amount of the direct heating sur¬ 
face is usually dependent upon the size of the grate and the number of tubes which determine the 
height of the fire-box ; but special fire-boxes have also been constructed with the object of increasing 
this surface, by introducing water-partitions or combustion-chambers, it being generally believed that 
the direct heating surface is much more productive than the other. Recent experiments made by 
Mr. S. Verderber,f on the Hungarian State Railway, have shown an equal evaporation in two loco¬ 
motives, both of the same type, but one with the regular fire-box and the other with its inside abell 
replaced by a non-conducting fire-proof material. This would prove that the fire-box heating surface 
is not at all necessary in a locomotive boiler as a steam-producer, and is an argument against the 
great importance which is generally attributed to it. The proportion of the direct heating surfaure 
to the total is usually in European boilers onc-thirtcenth to one-twelfth, which increases to oue- 
cighth on American locomotives. 

The area of grate is determined by the amount of coal which is burned to evaporate the necessary 
quantity of water. It depends thus on the qualities of the fuel, or rather the amount of water 
evaporated per pound of fuel, and the amount of fuel burned on a square foot of grate per hour. 
A pound of coke or coal will evaporate from 6 to 8 lbs. of water, in the average, in a locomotiTc 
boiler, and about 110 lbs. of coal or coke can be burned on a square foot of grate per hour. In 
Europe one square foot of grate area is given to about 80 feet of heating surface, while in Americm 
the grate area is made from one-seventieth to one-fortieth of the heating surfoce. The open space 
of the grate is usually made one-fourth to one-third of the total area. 

There are three kinds of fire-boxes to be distinguished, according to the fuel they bom. The 
wood-burning fire-box requires only a small grate area, but the fire-box has to be made large enough 
to receive the quantity of wood that has to be burned. It is thus made deep and sufficiently large. 


* p = Jb p'' — p\ where p is the average effective pressure on the piston, p” the absolute pressure of admisaida 
steam, p' the absolute bacic pressure, and k a coefficient, 
t OeiUrreichUohe M^enbahn'Zeitung^ February 2,1819; Railroad Gcutflty 1679. 
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and dead>platee are introduced in it, which are usually placed around the inside shell, leaving a com¬ 
paratively snudl grate-area between them. Fire-boxes for burning bituminous or soft coal require 
larger gratci provided with a rocking or shaking arrangement Air has to be often introduced above 
the grate, to afford more perfect combustion, and fire-brick arches or water-tables are valuable addi- 
tiona. The anthradte-buming fire-box is made long and hollow, and has a water-tube grate, to pre- 
Tent melting on account of the intense heat A new kind of fuel has lately been introduced on rail- 
roada, which is the very fine coal heretofore considered as waste. Fire-boxes for this fuel are shallow, 
ind require very large grates. 

Roles from which to ascertain the different proportions of boilers for the various kinds of fuel can¬ 
not be given, but the following proportions us^ by Mr. W. S. Hudson will represent the average 
American practice: 


DETAILS. 

Wood- 

bajnlng. 

1 Bltiiiniiioaa- 
omJ 

1 banilog. 

Anthndl*- 

exxU 

bornia^ 

Mm a# ajWnSom . 

1 16 X 24 
686.95 
65.28 
972.18 
848.20 

1 14.29 

68.08 
9.00 

16 X 24 
904.05 
92.02 
996.07 
860.69 
15.41 
64.70 

0 to 2.5 

16 X 24 
694.47 
100.86 
995.88 
856.49 
22.07 
45.08 

^tabes in iq. ft.. 

W—of flrA>hax In m|. ft. . 

Total hrattng' amihoe In sq. ft.. 

Iitlo betwaea haattng miriaee in sq. ft. and the cubic contents of one cylinder in ft. 

Ami of gnta (doad-platoa Induded) in sq. ft. 

latin between hontiag snrfiwe and grate-area. 

Ana of dend-platea in aq. ft.. 




From experiments on the Baltimore and Ohio Railroad, the following gives the comparative value 
of the three kinds of fuel: 

Amtmnt of FwH consumed on the Baltimore and Ohio Bailroady at different periods from 1883 to 1848. 


r" • 

1 DATE. 

w«%at of 
on DrirlBf-WbMU. 

Podtion of Bon«r. 

OroM Load*. 

MOmRihi. 

Fual ConnoMd. 

1638 

4 tons. 

Upright 

28 tons. 

80 

1.15 tons anthracite. 

1»M 

T.5 


45 

** 

80 

1.25 “ 

1888 

8.5 


44 

50 

tt 

60 

1.6 “ 

1840 

10.5 

** 

u 

60 

44 

60 

1.25 “ ** 

1S40 

10.5 


44 

60 

tt 

60 

1 ^ hltuminouB. 

1841 

9.75 

U 

44 

60 

M 

80 

1.65 “ 

1641 

6.5 

U 

Horizontal 

40 

U 

60 

2.05 cords of wood. 

1841 

19.88 

44 

Upright 

140 

U 

60 

8.18 tons bituminous. 

1841 

9.25 

44 

Horizontal 

60 

u 

80 

8.18 cords of wood. 

1845 

28.5 


44 

225 

u 

80 

8.25 tons bituminous. 

1848 

10.5 

a 

Upright 

60 

44 

80 

1.25 ** 

1S48 

10 

M 

UorizontaL 

60 

u 

8») 

1.08 “ 

1848 

10 

U 


60 

u 

80 

2.75 cords of wood. 

1848 1 

1 10 

u 

** 

60 

« 

80 

1.58 tons of coke. 

1848 1 

1 28.5 

M 

M 

200 

tt 

SO 

2.25 bituminous. 

1 1 

1 28.5 



275 

ii 

98 

2.5 “ 


1 ton of bituminous coal = 1.25 tons anthracite coal. 
1 ton of bituminous coal = 2.12 cords of wood. 

1 ton of anthndts coal = 1.75 cords of wood. 


The following account of the performance of locomotive boilers is taken from a paper by D. K. 
Clark; “ The evaporation of 12 lbs. of water per pound of pure coke was found, by careful labora¬ 
tory experiments, to be the maximum of evaporative performance. In the best ordinary practice an 
actual evaporation of 9 lbs. of water per pound of coke, or 75 per cent, of the possible maximum, 
was readily obtained, the balance being lost by leakage of air and by waste; and it was adopted by 
the author as the ordinary standard of practical economical evaporation. A minute analysis was 
made of the results of numerous authenticated experiments on the evaporative power of locomotive 
boQers, of various proportions, on the engines of the Caledonian, Edinburgh and Glasgow, and Glas¬ 
gow and Southwestern Railways. It was concluded that the economical evaporative power of boilers 
was materially affected by the area of the fire-grate, and by its ratio to the whole heating surface; 
that an enlargement of the grate had the effect of reducing the economical evaporative power, not 
necessarily affecting the quality of combustion in any way, but governing the absorbing power of the 
boiler, as the lower rate of combustion per foot of grate due to a larger area, in burning the same 
totri quantity of fuel per hour, was accompanied by a reduced intensity of combustion, and by a less 
npid transmission of heat to the water, in consequence of which a greater quantity of unabsorbed 
must escape by the chimney. An increase of heating surface, again, reduced the waste of heat, 
promoted economy of fuel, and added greatly to the economical evaporative power. In short, the 
qo^on resolved itself into the mutual adjustment of three elements—^the necessary rate of evapo¬ 
ration, the grate area, and the heating surface, consistent with the economical generation of steam at 
the assumed practical standard of 9 lbs. of water per pound of good coke. An investigation of the 
cases of economical evaporation, in the ‘ Table of Experiments,* conducted the author to the follow¬ 
ing important equation, expressing the relation of the three elements of boiler-power; in which c 
was the maximum economical evaporation, in feet of water per foot of grate per hour, h was the 
lotal beating surface in square feet, measured inside, and g was the grate-area in square feet: 
A* 

c = .00222 ~. From this it followed: Ist, that the economical evaporative power decreased directly 
M the area of grate was increased, even while the heating surface remained the same; 2d, that it 
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increased directly as the square of the heating surface, when the grate remained the same; Sd, that 
the necessaiy heating surface increased only as the square root of the economical evaporatiTe power; 
4th, that the heating surface must be increased as the square root of the grate-area, for a given 
evaporative power. It was contended thence that the heating surface would be economically weak¬ 
ened by an extension of the grate, and would be strengthened by its reduction; and that whereas 
large grates were commonly thought to be an unmixed good, and being generally recommended were 
usually adopted, still they might be made too lai^e—not that their extension affected the quality of 
combustion, but that the economical evaporative power might be reduced. Concentrated and rapid 
combustion was alike the true practice for the largest and the smallest boilers; and in locomotives, 
where lightness, compactness, and efficiency were primary objects, the boilers should be designed for 
the highest average rate of evaporation per foot of grate that might be followed in good practice, 
consistently with the highest average rate at which coke could ^ properly consumed; as, in this 
manner, the smallest grate and the smallest amount of healing surface consistent with good practice 
might employed. It was stated that 150 to 160 lbs. of go^ sound coke could be consumed per 
foot of grate per hour; and, allowing for inferior fuel, an average maximum of 112 lbs. per foot of 
grate was recommended as a general datum. This determined the average maximum of economical 
evaporation to be 16 ft. of water per foot of grate per hour, allowing 9 lbs. of water per pound of 
coke; for which 86 ft. of heating surface per foot of grate should be provided. It was accordingly 
recommended that a heating surface at least 85 times the grate-area should be adopted in practice. 

“ Such experiments as * midfeathers,’ etc., which were resorted to for specially increasing the fire¬ 
box surface, were condemned, as they were considered to be no better than tubes, while practically 
they were inconvenient and costly; as, among other reasons, plates of seven-sixteenths of an inch 
or half an inch in thickness were employed to do the work of the tubes, which were less than one- 
eighth of an inch in thickness. 

“ A practical rule followed by some engineers, and stated to be founded on extensive experience, 
was to allow 5 ft. of heating surface for 1 ft. of water evaporated per hour, and lUO ft. of evaporat¬ 
ing surface per square foot of grate. Those results were found to agree with the maximum rates 
recommended in the paper. It was also argued that the intensity of combustion materially affected 
the amoimt of heating surface necessary for economical evaporation, being less as the intensity was 
greater. It was contended, on the other hand, that the formula as stated in the paper would not 
apply to all engines. It was further argued that, from various causes, no formula could be framed 
to be of service unless all the circumstances in each case were properly taken into account. 

“ As an example of the objections to long tubes, the results were given of the work done by a 
luggage engine on the London and Northwestern Railway, before and ^ter alteration. That engine 
originally had tubes 14 ft. long, with a total surface of upward of 800 ft.; the length of the tubes 
was diminished to 4 ft. 9 in., and the total surface was reduced to about 600 ft., when it was found 
that a saving in fuel of 40 per cent, per ton per mile moved was produced, with a saving of 28 per 
cent, per mile run; the coke used per ton per mile, with long tubes before alteration, being .604 lb., 
and with the short tubes, .298 lb. 

** The back pressure was contended to be a serious drawbaek to the long-tube engine, and an ex¬ 
ample was given of a trial of a single engine on the new plan, against two of the ordinary kind, of 
170 tons in both cases ; and, although the single engine was 48 per cent, less powerful than the two 
engines together, and had 20 per cent, less heating surface, yet it had performed the same distance 
of 111 miles in 10 minutes less time, and with 8 lbs. per mile less fuel. This, it was argued, was 
owing to the engine exerting a greater dynamic force by being relieved from the back pressure of 
the blast-pipe, which in the case of the other two was applied to force the fire, and to draw the 
heated air thrbugh the long tubes. 

“ By the mode of placing the tube-plate some distance within the cylindrical part of the boiler, 
the tubes were not liable to be choked with cinders, or the draught to be obstructed This plan also 
afforded an opportunity of reducing the size of the tubes from If inch diameter to If inch, giving in 
the same boiler an equal area of flue passage, while the proportion of tube beating surface was in¬ 
creased 84 per cent, per foot of length of tube, and a very large addition of flame surface was gained. 

“ As to the evaporative powers of marine boilers as compart with those of the best locomotive boil¬ 
ers, if an investigation was instituted it would be found that the general features of the best tubular 
marine boilers now used in ocean navigation were nearly identical with those of locomotive boilers, 
'but the circumstances under which they were used were very different. In the marine boilers, coal 
was used instead of coke, and the natural draught of the chimney, instead of the urging of the blast- 
pipe in a locomotive, worked for many weeks or months consecutively, without the means of stopping 
for any extensive repair, or even to be cleaned except at long intervals. The following statement 
showed the comparative proportions and effect of the two descriptions of boilers: 


In the Locomotive BoUer — 

1 square foot of fire-grate consumed about 112 
lbs. of coke per hour. 

1 square foot of fire-grate required about 85 
square feet of fire-box and tube surface. 

1 square foot of fire-grate with the above surface 
would evaporate 1,008 lbs. of water per hour. 

1 square foot of flue surface would evaporate 
11.7 lbs. of water per hour. 

1 lb. of coke would evaporate 9 lbs. of water. 

1 H. P. of 33,000 lbs. lifted 1 foot high per min¬ 
ute, required about 4 lbs. of coke per hour. 


In the Marine Boiler — 

1 square foot of fire-grate consumed about 20 
lbs. of coal per hour. 

1 square foot of fire-grate required about SO 
square feet of fireplace and tube surface. 

1 square foot of fire-grate with the above surface 
would evaporate 170 lbs. of water per hour. 

1 square foot of flue surface would evaporate 
6.66 lbs. of water per hour. 

1 lb. of coal would evaporate 8.5 lbs. of water. 

1 H. P. of 33,000 lbs. lifted 1 foot high per min. 
utc, required about 4.26 lbs. of coal per hour. 
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From this statement it appeared that, although the proportion between the fire-grate and the 
flue surfaces was widely different, the quantity of water craporated and the power obtained by the 
consumption of a given weight of fuel were nearly the same, when allowance was made for the dif¬ 
ference in the evaporative power of coal and coke. The possible maximum evaporative power of 1 
lb. of carbon was deduced from the results of chemical experiments, showing that 1 lb. of carbon, 
converted into carbonic acid, developed 14,000 units of heat, or would raise 14.000 lbs. of water 
through 1®, which was equivalent to the conversion of 12 lbs. of water at 60® into steam of 120 lbs. 

^ A comparison was drawn between the recent experiments of Mr. Marshall on the lai’ge fire-box 
engine, and those on the long-boiler engine, made during the gauge inquiry, the results being with 
the former a consumption of 40 lbs. per mile with an average load of 64 tons, and with the latter a 
consumption of 27 lbs. per mile with a load of nearly 60 tons. The recorded results of the work of 
the passenger trains on the Eastern Counties line, for the lost half year, showed an average consump¬ 
tion of coke under 18 lbs. per mile yun. 

‘^It was contended that hitherto no advantages had resulted from the extension of the fire-box and 
the redaction of the length of the tubes; still it was possible that this innovation might, by directing 
ittention to the subject, lead to important modifications of the structure of locomotive jailers, which 
should possess compactness, lightness, power of raising sufficient steam with rapidity for performing 
the required work, strength to resist the chance of explosions, and a form calculated to diminish the 
disastrous effects of explosions when they occurred, fadlity of repair, especially of the fire-box, 
which was the part most liable to deterioration, being most severely acted on by the fire, and also 
requiring more support than the tubes, the latter being at the same time cheaper and of thinner 
metal, while by an extension of their length the diameter of the external shell of the boiler could 
be diminished; the fire-grate should not be larger than would evaporate the required quantity of 
water into steam within a given time, with the utmost practical economy of fuel, and if that were 
accomplished, it was of little importance whether the evaporating heat was communicated through 
the fire-box or by the tube surface; and that up to the present time the results of the experiments 
upon the boiler with enlarged fire-box and shortened tubes exhibited rather a retrograde step than 
an onward progressive movement.” 

The efficiency of the different parts of the heating surface of the locomotive boiler as evaporators 
has been found by M. Petiet, of the Northern Railroad of France, who divided a loeomotive boiler 
haring tubes 12 ft. 3 in. long into five compartments, to be os follows:* 

First Second Third Fourth Fifth 

Section. Section. Section. Section. Section. 

Fire-box + 8 in. of tubes. 

Heating surface in sq. ft_76.43 179 179 179 179 

Water evaporated per square foot per hour, in lbs.: 


With coke.24.6 8.72 4.42 2.62 1.68 

With briquettes.86.9 11.44 6.72 8.62 2.31 


From this and other experiments, M. Havrez has deduced a law that the quantities of water evapo¬ 
rated by consecutive equal lengths of fire-tubes, commencing from the point where the radiation of 
the heat from fuel ceases, decrease in geometric^ proportion, the distances from this point increasing 
in arithmetical proportion. T. F. K. 

LOCOMOTIVE—TRACTION, ADHESION, AND RESISTANCES. Traction.— Under the name 
of “ tractive force ” is understo^ the force which moves the locomotive and train on a road. Some 
authorities make a distinction between the ” tractive force ” and the “ tractive power,” the latter 
representing the mechanical work, which is the product of the force by the velocity, and can be 
represented in foot-pounds. The tractive force is the result of the action of steam in the cylinders, 
and is the same force as that which is tiansmittcd by a belt of the main-shaft pulley of a stationary 
engine. This can be easily understood if we imagine the pulley to be substituted for the locomotive 
driving-wheel, and the belt for a rail, the result being here so far different that the driving-wheel 
(representing the pulley) advances, while the rail (representing the belt) is stationary. If a locomotive 
be lifted above the track, and belts be attached to its driving-wheels, the force transmitted by them 
will be the same as the tractive force exerted by the locomotive to pull a train on the track. De¬ 
vices have been contrived whereby locomotives have been thus used, power being taken directly from 
the driving-wheels. 

The tractive force of a locomotive represents thus the force transmitted from the cylinders to the 
drcumference of the driving-wheels, and is to be distinguished from the force acting at the locomo¬ 
tive draw-bar, which is equal to the first diminished by the force of resistances caused by the move- 
inent of the locomotive itself on the track. The tractive force is calculated in the same manner as 
is the force transmitted to the belt of a stationary engine. It depends upon the steam-pressure on 
the pistons, the stroke of the pistons, the diameter of the driving-wheels, and the length of the main 
connecting-rods. The last factor is in practice seldom taken into consideration, being of small 
importance. The tractive force during each revolution has its maximum and minimum—the first 
taking place at the time when both crank-pins are on the cylinder side of the axle, and vice versa. 


d^s 

The minimum tractive force is calculated by the formula P, where d represents the diameter of 


the cylinders, « the stroke of the pistons, D the diameter of the driving-wheels, and P the average 
effective steam-pressure during the whole stroke, in pounds per square inch of the pistons. The 


* Jnnales du Odnie Civil, August and September, 1874. 
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maximum tractive force will be obtained by multiplying the result of the above formula by the 


factor 




, where r represents the length of the crank (one-half the piston stroke), and I 


the length of the connecting-rod. In practice only the minimum value of the tractive force is calcu- 
T lated. All the factors represented in the above formula, excepting which represents the steam- 
pressure, are constant; and the difficulty is therefore connected only with the calculation of the 
average effective steam-pressure in the (flinders. This is calculated in the same manner as on 
stationary engines (see Expansion op Steam, etc.) with variable cut-off. (See also table in Locomo¬ 
tive, Proportions of the.) The point of cut-off should be set at one-third or one-fourth of the 
stroke, when calculating the size of cylinders for a new locomotive, in order to make the most of 
the expansion. A shorter admission is not advisable for locomotive engines, it being believed that 
the differences in strain on the mechanism at the two ends of the stroke are injurious, and that with 
the link-motion the advantages of expansion would hardly compensate for the losses from the in¬ 
creased compression and the early exhaust. 

Compound ex^nes have been applied to locomotives with the object of economizing the steam by 
a better expansion. 

The back piston-pressure in locomotive engines is greater than on other classes of engines. This 
is partly on account of a higher piston-speed, but in greater degree is owing to the contrad^ exhaust, 
by which the draught through the chimney has to be increased. In the following table are given the 
results of experiments made by Bauschinger to ascertain the Influence of the size of the exhaust- 
nozzle on back pressure.* 


Table showing Effect of Size of EjihausUNozde on Back Premire in Locomotive Cylindert. 


SpMd la No. of 
Rerolotioiu par 
Minot*. 

Preauir* at tb« 
Commraoatceat of 
Ezhaoit in Lba. p«r 
Sqoaio loch. 

Opanlng of Nosalaa 
in p*r cent, of th* 
Platon Aran. 

Back Praanira In 
Lb*, per Sq. In. 

REMARKS. 

94 

68 

9.4 


8 

Admission, back end = 0.88 

84 

62 

7.8 


8 

•4 

front 

•• =0.48 

79 

68 

6.2 






94 

65 

8 


10 




179 

22 

18 



Admission, back 

end = 0.82 

191 

22 

8.8 


8 

** 

front 

“ =0.41 

7i 

87 

18 


H 

U 

back 

“ = 0.51 

171 

38 

10 


7 

U 

front 

" =0.60 


Bteh. Fmt. 


Back. Front. 




180 

19 24 

11.8 

* 

2 

u 

back 

=0.14 

149 

21 27 

9.5 

8 

5 

** 

front 

“ =0.27 

127 

88 86 

7.6 

5 


** 

back 

** =0.21 

148 

89 41 

11.8 

f* 


M 

front 

" =0.S6 

92 

40 42 

11.8 

* 

1 




162 

14 

9.2 


4 

»» 

back 

“ =0.17 

185 

16 

8.6 


f* 

U 

front 

“ =0.28 

184 

18 

9.2 


4* 

tl 

back 

“ =0.22 

164 

11 

4.4 


7 

u 

front 

“ =0.29 

92 

60 

12 2 


8 

u 

Wk 

** =0.58 

96 

46* 

8.8 


9 


front 

“ =0.57 


The nearest correct value for P can be obtained only by experiments, from indicator diagrams. 
From such experiments Welkner f deduced a formula giving an approximate value of the average 


steam-pressure in the locomotive cylinder, in pounds per square inch, namely: P= —(10f/a-“22X 

90 


where p represents the effective steam-pressure in the boiler in pounds per square inch, and a the 
admission of steam into the cylinders in per cent, of the stroke. Clark gives the following formula: 


P=j~(18.6 — 28), where, however, y) 


is not the boiler but the initial cylinder steam-pressure. 


All the formul® for calculating the tractive force give only its approximate value, and there are no 
means of ascertaining it accurately except by experiment. Usually, that portion of it which is ob¬ 
tained at the locomotive draw-bar is measured by means of a dynamometer. 

Adhesion. —In close relation with the tractive force of a locomotive is its adhesion, by which is 
understood the friction between the rails and the locomotive driving-wheels. It is evident that if 
there was no friction the wheels would skid, just as a belt would slip on a pulley under the same cir¬ 
cumstances. It was not known in the early days of railroad construction that this friction would give 
sufficient resistance to prevent the wheels from skidding, and geared wheels working in rail-racks 
were thought to be necessary. The surfaces of the wheels and the rails can be considered as if they 
were provided with infinitely small teeth, which furnish the resistance that prevents skidding. Upon 
the nature of these surfaces depends the greater or smaller amount of adhesion. The tractive force, 
as has been said, represents a force acting on the circumference of the driving-wheels. This force 
tends to turn the wheels loosely on their axes, without giving them any tendency to advance; but it 
meets a resistance in the friction which prevents such rotation. Now it is evident that if the 
tractive force be greater than the friction it will overcome the latter, and the wheels will rotate 


♦ “ Indlcator-Versuche ” in CiriUIngenieur^ xilL Heusinger's “ Eisenbahn-Technik,” flL 
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on thdr axes without advancing. It is thus necessarj to limit the tractive force of a locomotive 
bj the amount of the adhesion. The advancing movement of the locomotive can be explained by 
considering the driving-wheel as a lever whose fulcrum is the point of contact between the wheel 
and the r^ and on which act two equal forces, representing the steam-pressure in the cylinder; 
one of them, acting on the crank-pin, is transmitted from the piston, and the other, acting on the 
axle, is transmitt^ from the cylinder-head. They act relatively in opposite directions, which are 
reversed for each half revolution, according as the piston is in its forward or backward stroke. 
If the crank-pin is above the axle, it acts on the longest lever, and thus counteracts the force acting 
on the axle, and leaves a balance of force which causes the axle to advance; if the crank-pin 
is below the axle, the directions of the forces are the reverse, and it is the force of the axle which 
acts on the longest lever. This counteracts the force of the crank-pin, and a difference is left which 
canses the axle to advance. This balancing force acting on the axle is in both positions of the crank 
the same, and equal to the tractive force calculated by the above formula. Its point of application 
is the centre of the axle, through which only it can be transmitted to the draw-bar; but should the 
wheel skid, this force immediately disappears from the centre of the axle (which becomes then the 
fulcrum), and acts on the circumference of the wheel. Adhesion, as preventing skidding and 
forcing the wheels to advance, is thus of great importance for locomotives. It depends upon the 
influence of the weather, and varies between the limits of one-third to one-ninth (the cocfScients 
of friction) of the whole pressure of the driving-wheels on the rails. Experiments conducted by 
various engineers to ascertain the coefficients of friction disagree as to its value. Those made by 
Messrs. Yuillemin, Gebhard, and Dieudonn^,* on the Eastern Railroad of France, gave the following 


results: In dry weather. 


7.6’ 7.6’ 6 ’ 6 . 6 ’ 8 . 8 ’ 6 ’ 8 ’ 6 . 8 ’ 7.4’ 7’ 8 .l’ S’ 9.5’ 8 ’ 5.9’ 6 . 8 ’ 6.8’ 


U' U' U' 6’ 51’ 61’ tT O’ O’ O’ 6i’ O’ O’ O’ O’ O’ “ 

11.. ^ 1 1..,. v*. 1.. . 11111111. 

O’ U' "* iO’ O’ “ ‘‘S’** lO’ “ O’ O’ O’ IT’ 8’ 6’ O’ O’ 

in rain and fog, i ^; in heavy rain, These experiments, as also others made by 

0.7 7.6 6.9 6.8 6.8 


Wood and by S6guin, agree that the best adhesion is obtained when the rails are dry or perfectly wet. 
Under very bad circumstances, as for instance on greasy rails, the coefficient of friction will sink 


as low as —. The speed probably also exerts an influence on the adhesion. Experiments made 


by Poirdef have shown that the friction between wheels and rails diminishes when the speed 
mcreases. As these experiments, however, were made with a car so arranged that the wheels would 
slide, no deduction can be made from which the adhesion can be safely ascertained. The amount of 
adhesion deduced from actual performances of locomotives, especially on steep gradients, can be very 
approximately obtained, and gives better results. On the North London Railway a locomotive weigh- 
ii^ 45 ton^ of which 82 tons constituted the adhesive weight, has hauled In favorable weather a 
train weighing 359 tons (locomotive included), on a grade of 0 , 022 . The resistance of gravitation 


•lone, amounting to 7.898 tons, is just of the adhesive load.t 

4.05 


Mr. Latrobe states § that during 


the construction of the Eingwood tunnel, on the Baltimore and Ohio Railroad, one of the Ross Wi- 
nans ** camel engines ” with eight wheels, coupled, weighing 66,000 lbs., all on drivers, hauled a total 
gross weight of 120,000 lbs. up a grade of 628 ft. to a mile, or 1 in 10 , combined with a curve of 300 
^ radios. The resistance of ^vitation to be overcome amounted to 12,000 lbs., and the remain¬ 
ing resistances, estimated by Mr. Latrobe at 1,828 lbs., give a total of 13,828 lbs. (which fi^re, if 
taken somewhat too large, would cause a comparatively small error, the resistance of gravitation 
being accurate, and so much in excess of the remaining portion). The tractive force, therefore. 


ffivided by the weight of the locomotive, will give 


66,000 „ . .1 

-- = 4.06, or an adhesion of 

13,828 ’ 4.06 


Mr. Cha- 


nute states I that the locomotives on the Erie Railway work regularly up to an adhesion of from 
1 1 

■j to —, with occasional performances much in excess. In practice a coefficient of friction found 


by experience to be small enough not to admit of skidding, excepting perhaps under very unfavorable 

1 1 

circumstances, is usually taken by French engineers at y by German engineers at §^ 5 ** (this being 
the proportion of the tractive force, calculated for an average steam-pressure in the cylinders equal 
to 60 per cent, of the boiler-pressure, to the adhesive load), and by American engineers at . 

1 %e capacity of a locomotive being actually limited by the adhesion, the increase of the latter from 


V ^De la R^eUtance des Trains,^ etc., Paria, 1868. t AnnaUi Mine«. 5th series, xiil., 1858. 
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the beginning occupied the minds of engineers. The first means of increasing it is by coupUng the 
axles together, untU the whole weight of the locomotive can be utilized for adhesion. If, however, 
all axles of the locomotive arc coupled, they present a long rigid wheel-base, which affects easy move¬ 
ment on curves, and causes cutting of wheel-flanges. To provide against this, the axles are placed as 
close as the diameter of the wheels will allow. Various devices have been tried with the object of 
increasing the adhesion and thus the power of locomotives, by increasing the weight on the drivers, 
as in tank locomotives, where the supply of water and fuel is placed on the engine, or hy multiplying 
the number of driving-axles without presenting a long rigid wheel-base. The Fairlie, Masson, 
Haswell, Engcrth, and other locomotives (see Locomotives, Classification and Forms of), have been 
designed for this object. As the maximum force of the locomotive is required on steep grades only, 
which usually extend over but a short distance of the road, efforts have been made to provide only for an 
increase of the weight on drivers when this may be required. Paulus,* in 1855, employed a device 
by which he could throw at will a poirion of the weight of the tender on the locomotive, increasing 
the adhesion from 25 to 30 per cent. This, however, was soon abandoned. Stunock attached aux¬ 
iliary cylinders to the tender, which were employed as helpers on steep grades. Sand is universally 
used as means of increasing the adhesion by throwing it on the rails when required. This is usually 
performed by moving a valve by hand, but attempts have been made to supply a continual discharge 
regulated by mechanism, in case it is necessary to continue such discharge for a long time. Riggen- 
bach employed apparatus of this kind in tunnels; but owing to the complication of mechanism, it was 
abandoned. Magnetism has also been tried to increase the adhesion. Experiments were made in 
Paris which did not prove at all successful; hut a better success was obtained on the New Jersey 
Central Railroad, where the adhesion was thus increased to 40 per cent. The idea has not yet been 
practically utilized. Sellers in Cincinnati, in 1847, was the first to employ a third rail acted on by 
two horizontal wheels, pressing against it, and thus increasing the adhesion. Brown of Winterthur, 
in 1878, suspended a platform between two locomotives, which, together with the weight of its cargo, 
increases the load on the drivers.f Locomotives for very steep grades have to be provided with 
geared wheels which work in rail-racks. (See Railroads, Mountain.) 

Resistances. —The resistances which the locomotive has to overcome can be divided into the re¬ 
sistance caused by the movement of the locomotive alone, and that caused by the movement of the 
train, consisting of the tender and cars. The first can be subdivided into (1) resistance due to the ac¬ 
tion of steam itself, as back pressure on the pistons (which, however, is usually taken into account 
when calculating the tractive force); ( 2 ) resistance caused by the moving mechanism of the engine, 
creating friction and internal disturbing forces; and (3) resistance caui^ by the movement of the 
locomotive as a carriage on the track, which last is the same as train resistance. Train resistances 
are usually the only ones calculated, and are given in pounds of the tractive force per ton of the 
train hauled. For each ton weight of the locomotive 50 per cent is usually added to the per ton 
resistance of the train. 

Pambour has determined the resistance of the locomotive itself in the following manner: He al¬ 
lowed the steam-pressure of the locomotive to sink low enough to be hardly suflScient to move the 
locomotive on the track. From this he deduced a formula showing the resistance of the locomotive 
to equal 7 ^ + 48 lbs., or 7 9 + 59 lbs. per ton, where ^ is the weight of locomotive, including the ten¬ 
der, in English tons; the first formula is for locomotives with uncoupled axles, and the second for 
locomotives with coupled axles. For the increased amount of friction of the locomotive mechanism 
caused by the exertion of the tractive force, he adds one-seventh of the total resistance of the train, 
excluding locomotive and tender. 

Train reaUtances are made up of the following factors: 

1 . Journal-friction, which depends upon the diameter of the journals, the load carried on them, the 
coefficient of friction, and the diameter of the wheels. It can be expressed by the following for¬ 
mula: =/' 0 ' ^ ; where Ji is the resistance acting on the circumference of the wheel,/' the co¬ 


efficient of the journal-friction, Q the'load on the journals, d the diameter of the journals, and D 
the diameter of the wheels. The coefficient of friction is the only quantity unknown, which has to 
be ascertained by experiments. It depends largely upon the quality of the lubricating matter, and 
is said to be independent of the amount of bearing surfaces and the speed, which opinion is, how¬ 
ever, to some extent disputed. (See Friction and Lubricants.) Experiments made in 1862 in 
railroad shops in Hanover gave a friction coeffident at 0.01 on car-axles provided with composition 
bearings and lubricated with oil, which axles were taken out for that purpose from under cars in ao- 
tual service. Vuillemin, Dieudonn4, and Guebhard have found this coeffident to be 0.018, by deduct¬ 
ing from the total train resistance 0.001 of the total weight of the train, as the allowance for the 
rolling friction; the train, moving at a very slow speed, was considered free from the resistance of 
the air. The American 20 -ton freight car, having 3|-in. journals and 38-in. wheels (Uie weight of 
wheels and axles taken at 3 tons), would give, with a coefficient of friction of 0.01, a resistance by 
journal-friction of 1.92 lb. per ton, and with a coefficient of 0.018 a resistance of 8.45 lbs. per ton 
of the total weight, which latter is nearer to the truth. 

2. Rolling friction is represented in the mechanical work expended in the wear of the rails and 
the wheel-treads. It depends upon the pressure of the wheels on the rails, the diameter of the 
wheels, the hardness of material of which the wheels and rails are composed, and the surfaces of 

contact of the two. Pambour expressed it by the formula E = Q, where E is the resistance 

of the rolling friction at the drcumference of the wheel, /" the coefficient of the rolling friction, Q 
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the weight or pressure on the rails, D the diameter of the wheel, and /" is an expression of the 
unit of length. If /> is expressed in inches, /" has been found by Pambour, from experiments, to 
he 0.02. For 33-in. wh^ls, the resistance due to rolling friction would thus equal to 0.0012 of 
the lotd, amounting to 2.4 lbs. per ton. 

Journal and rolling frictions are, if taken together, called the wheel-friction, and for this 6 lbs. is 
ordinarily allowed in calculations. 

3. The resistance caused by passing over the rail-joints, which causes vertical and horizontal move¬ 
ments to the car, is difficult to determine. It is believed to be proportional to the weight and the 
speed. Its total amount decreases as the length of the rail increases. It can be expressed by the 
formula R =z a Q \V, where Ji is the resistance caused by passing the rail-joints, Q is the weight of 
the train, W the speed, and a the coefficient to be determined by experiment. (The length of rail is 
left out in the formula, as it is generally the same on all roads.) The influence upon this resistance 
exercised by a more or less careful method of laying the rails on the road has been shown in experi¬ 
ments made for this purpose by Vuillemin, Dieudobn6, and Guebhard, who found an increase of the 
tractiTe force amounting to 19 per cent, on a road with carcfully-laid rails, over that of a road with 
badly-laid rails, at the speed of 46.6 miles per hour. 

4. The resbtance of giavitation caused by the moving of a train up an incline, usually called 
grade, is proportionate to the amount of grade, which is the amount of the ascent in a certain distance 
of the road. This amount is usually given in feet per mile, or in per cent, of the length of the in¬ 
cline, or is reduced to the simplest fraction giving the length of the incline to a unit of the ascent. 
For example, if a grade is said to be 628 ft. to a mile (6,280 ft), the second expression would be 
O.IO, or 10 per cent., and the third iVi which would mean that there is 1 ft of rise in 10 ft. of the 
length of the incline. This last quantity is called the ascent, and represents the sine of the angle 
which the incline forms with the horizontal line. It being known from the theory of mechanics that 
the force required to move a body up an incline is proportionate to its weight and the sine of the 
angle, we have for the resistance of gravitation alone the formula = Qi\ where Ji is the re- 
aistance due to gravitation, Q the weight, and i the ascent. This is the only train resistance which 
can be determined with mathematical exactness. 

The three foregoing resistances are slightly diminished on a grade, as the component of the force 
of gravitation which acts perpendicularly to the incline is proportionate to the cosine of the angle, 
wluch is less than 1; but as this angle is very small, its cosine is almost equal to 1, and causes a 
difference not worth considering. 

6. The resistance caused by the movement on curves can be calculated only with very complicated 
formohe, without any certainty of exactness. The results of experiments are therefore the only data 
to be depended upon. For a single four-wheeled car, Redtcnbachcr gives the formula 

1 L 

R=fQ i 2 

r * 

where/ is the coefficient of the sliding friction, h the gauge of the road, I the distance between 
wheeU^ntres, Q the weight of the car, and r the curve r^us of the centre-line of the track. Tins 
formula cannot be appli^ to cars composing a train. 

Von Weber has made experiments to ascertedn resistances on curves, and has given in the follow¬ 
ing table a comparison of his results with those obtained by Polonceau, by English engineers, and by 
criculation from the formulae of Perdonnet, Schmidtl, and Redtenbacher. The cars taken are four- 
wheeled, with a distance between wheel-centres of 12 ft. and 11 ft. 8 in. The values given in the 
table represent the total train resistance on the curves, the resistance on a straight level line being 
taken as a unit; in other words, they are the factors by which the resistance on a straight level track 
has to be multiplied to give the total resistance on the corresponding curve. 


laaoruB of thk curve. 

PokMMmi. 

Bn^hh EngliMm. 

P«rdonntt. 

. SchmldU. 

Radttobaeher. 

Voo W^. 

1.S58 ft.. 

1.756 

1.41 

1.429 

1.422 

1.749 

1.40 

1 1,4B6 “ . 

1.941 

1.50 

1.589 

1.552 

1.986 

2.03 

1,114 “. 

2.144 

1 63 

1.716 

1.691 

2.247 

2.48 

••. 

2.258 

1.80 

1.858 

1.788 

2.498 


741 -. 

2.881 

2.09 

2.077 

1.981 

2.S72 

8!62 

867 “ . ‘ 

2.491 

2.85 

2.482 

2.292 

8.4.4 

4.27 

871 -. 

2.668 

8.00 

8.15:3 

8.182 

4.?-!4 

4.88 

881 “. 

2.718 

8.27 

8.868 

8.988 

5.988 

8.85 

Stnight tnek.. 

1 

1 

1 

1 


1 


The different results contained in this table indicate the difficulties connected with ascertaining the 
curve resistance. 

Experiments made by Mr. Benjamin H. Latrobe in 1844, on the Baltimore and Ohio Railroad,^ 
with the object of ascertaining the comparative merits of four-, six-, and eight-wheeled cars, gave 
the following average results: 


CARS. 

Traction in Lb*, per Ton of 2,S40 Lbs. 

Four-wheeled car. 
Six- »* “ 

Eight- “ “ 

4.94 on straight line. 

7.56 

7.49 

8.70 on curve 400 ft. radins. 
14.99 ‘‘ “ 

15.98 
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The average increase of resistance due to the curve of 400 ft. radius, computed from these experi¬ 
ments, gives 6.4 lbs. per ton. Mr. S. Whinery, in a paper read before the American Sodetj of Civil 
Engineers,* divides the resistances of curves into their several elements, giving formulae for calcu¬ 
lating each of them. In the discussion of the paper, Mr. 0. Chanute states that the formulte given 
by the author agree with experiments made on the 6-foot gauge Erie Railway by Zerah Colburn in 
1854, who found that the resistance due to curves amounts to half a pound per ton per degree.f He 
further states that experiments made on the Metropolitan Elevated Railroad in New York, in 1878, 
with two trains, each of four cars weighing 40 tons, on a gauge of 4 ft. 8^ in., and on a curve of 90 
ft radius (OS'* 40 ), one of which trains had wheels fixed on their axles, while the other was provided 
with wheels loose on their axles, gave the following result: 


Rigid Wheels. 

Traction on curve, lbs.. 1700 

Traction on straignt line, lbs. 600 

Increased resistance per ton. 27.50 

Resistance per ton per degree. 0.4319 


lioose Wheels. 
1800 
450 
21.25 
0.3337 


6. Resistance of the air is a very important component of the total resistance for fast trains, as it 
increases with the square of the velocity. It is composed of the resistance caused by the displacement 
of the air by the train, and of the resistance caused by the wind. If the wind blows at an angle to 
the direction in which the train is moving, it causes, besides the friction on the side of the train, a 
partial lateral movement of the train on the track, causing on conical wheels a resistance due to the 
wheels running on different diameters; and it may cause also flange-friction. To determine the re¬ 
sistance of the air which acts in the direction of the tnun, the following formula is used: R=a! A 
{v ± u cos. 6)*, where R is the resistance, A the surface of the train presenting the face against 
the air in the direction of motion, v speed of the train, v velocity of the wind, b angle inclosed be¬ 
tween the direction of the wind and that of the train, and a a factor to be determined by experi¬ 
ment. The plus or minus sign is taken with u according to the direction of the wind, whether with 
or against the train. Pambour’s formula for calculating the resistance of the air, deduced from 
his experiments, is: B = 0 002687 A where B is the resistance, A the surface (by him taken as 
being equal to 70 sq. ft. plus 10 sq. ft. multiplied by the number of vehicles in the train, including 
the locomotive and tender), and v the speed in miles per hour. 

To calculate the total train resistance on a level straight road, many formulse are given, some of 
which are as follows: 


Clark’s formula : B = C'* ^ resistance in pounds, v speed of 

the train in miles per hour, Q total weight of the train in English tons. 

Pambour’s formula: (6 0 + 0.0026S7 A v^) + R ; where B is the total train 

resistance, Q the weight of the train, exclusive of the locomotive, in English tons, v the speed of the 
train in miles per hour, A the surface in square feet (by him taken to be equal to 70 sq. ft. plus 10 
sq. ft. multiplied by the number of vehicles in the train), and R the locomotive’s own resistance. 

The signification of the factor ~ has been explained when speaking of the locomotive’s own resist¬ 


ance. T. F. K. 

LOCOMOTIVES, CLASSIHCATION AND FORMS OF. Locomotives can be variously classified 
in regard to their construction. They may have inside or outside frames, inside or outside cylin¬ 
ders. They may be divided according to the number and kind of wheels, and in regard to whether Uie 
supply of fuel and water is carried on separate tendera or on the locomotives themselves, wholly or 
partly, forming the separate classes of locomotives with tenders and “ tank locomotives.” Ix>co- 
motives may also be classified with reference to the various kinds of service which they perform, 
as passenger, freight, and switching locomotives. This classification also embraces mountain, min¬ 
ing, suburban, street-car, and factory locomotives. Considered with regard to the gauge of the road 
on which they run, they are denominated standard-, broad-, and narrow-eauge locomotives. There arc 
various other kinds of locomotives which must be separated from Uiosc already enumerated, on 
account of their peculiar construction, as for instance double-cylinder or double-piston locomotives ; 
or on account of the motive force being differently applied, as for instance firclcss (hot-water) and 
compressed-air locomotives. Locomotives built and used in various countries differ from each other 
so materially that they could be divided into American, English, French, and German locomotives ; the 
principal characteristic difference, however, existing only between American and European locomotives. 

Panenger Locomotivfs. —The principal requirement of this kind of locomotives is speed witli a 
comparatively small tractive force; hence their characteristic features arc: Ist, large diameter of 
driving-wheels with short piston-stroke, the object being to diminish the piston-speed and thus the 
internal disturbing forces, which in this case would be not only destructive but also dangerous ; 2d, 
large capacity of boiler in proportion to the tractive force. These characteristics are carried to the 
extreme on the passenger “ express locomotives,” a class which in America actually does not exist, 
and in Europe is disappearing. Regarding the speed of trains, there is a distinction to be made 


♦ “ TransactionB,” vol. vlL, pa^e 79. 
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between their actual speed—that is, the distance run in a unit of time between stopping points—and 
the time of running between two distant stations of the road, as for instance between New York and 
Philadelphia. An ordinary passenger train usually attains just as high an actual speed as an express 
train; yet on account of frequent stops it loses so much of its time as to make a large difference in 
the tot^ run between the end stations. By an examination of the railroad time-tables, it will be 
eren found that when an allowance of 2^ minutes is given for a stop—which is a very small limit 
for checking speed, disembarking and taking on passengers, and bringing the train bock again into 
its former velocity—an accomm^ation train has often to i*un at a higher actual speed than an express 
tnin, to be on time. With the increased traffic of the present day, no road can afford to run very 
slow trains, nor are the express trains as light now as they used to be. The necessity has thus 
arisen for more powerful express locomotives, and the original express locomotive, with but one 
driving-axle, has been replaced by one with two coupled axles. The ordinary passenger locomotives, 
OD the other hand, came to require some of the qualities of the express locomotives, so that the dif¬ 
ferences between the two types as formerly recognized are, as we have stated, either obsolete or 
obsolescent. The highest locomotive speed thus far attained has been made in fingland, where on 
the Great Northern Railway, in trials made with some new locomotives, a velocity of 74 miles an 
hour was accomplished by trains of 16 cars.* The fastest English and American regular express 
trains run at from about 45 to 50 miles an hour. 

The question of the safety of running at high speeds with various kinds of locomotives has been 
investigated by a commission appointed by the Prussian Ministry of Commerce in 1878. It was 
decided that the maximum speed for express locomotives should be at the rate of a German mile in 
6 minutes (46.5 English miles per hour), and that the maximum safe speed for various locomotives 
depends upon the (^tribution of the load on the axles, upon the wheel-base, upon the diameter of 
the driving-wheels, and upon the counterbalandng.f Bearding the wheel-base, there are no pas¬ 
senger locomotives in Europe, excepting those with a four-wheeled truck in the front, which can 
eqn^ the eight-wheeled standard American locomotive, and the result in the latter case is a greater 
steaffiness and consequently an increased limit of the maximum speed, other conditions being equal. 

American passenger locomotives, as built by the Grant, Baldwin, and Binkley Locomotive Works, 
are Qlustrated in Figs. 2869, 2870, and 2871. There is no material difference in the designs, except¬ 
ing in point of dimensions. 

European passenger locomotives have either one, two, or (rarely) three coupled axles. Fig. 2880 
represents an English type of express locomotive. The disadvanta^ of this form is that it raises 
the boiler and consequently the centre of gravity of the locomotive too high, on account of the 
large driviug-wheels. Crampton has improved this design by placing his driving-axle behind the 
fire-box, as shown in ¥1g. 2881, which style of locomotive is generally known by his name. Fig. 
2882 represents the other style of European passenger locomotive. This is more powerful than the 
egress locomotive, and is used for heavier express or accommodation trains. This style of locomo¬ 
tive is sometimes called ** mixed,’* the name having originated from the fact that it was formerly 
used for hauling trains composed of both passenger and freight cars. Some passenger locomotives 
tre built in Europe on the American plan, with four driving-wheels and a four-wheeled truck in 
front; but ^erally they are six-wheeled, the wheel-base being rimd. 

Fuight Locomotivxs. —^The chief requirement of this class of locomotives is great power with 
comparatively low speed. Their distinguishing characteristic is great adhesive weight, large cylin¬ 
ders, and small driving-wheels. There are four principal types of freight locomotives used in America. 

Mtandard American locomotive is the same as that used for passenger traffic, but with smaller 
driving-wheels and larger cylinders. 

2872^ locomotive^ with six wheels coupled and a two-wheel truck in front, is shown in Fig. 

The tefi-wheded locomotive^ Fig. 2873, has six wheels coupled and a four-wheel truck in front. 

The ComolidaHon locomotive^ Fig. 2874, has four wheels coupled and a two-wheel truck in front. 

In Europe, the whole weight of the freight locomotive is utilized for adhesion. The axles are 
placed between the fire-box and the cylinders, thus leaving great overhanging weights, which with 
the short wheel-base makes these locomotives very unsteady in motion. Fig. 2883 represents a six- 
wbeeled, and Fig. 28S4 an eight-wheeled coupled European freight locomotive. 

Ta.vx LoooMonvES are those which carry their own supply of water and fuel, or which are perma- 
nentlj connected with their tenders. The object of this arrangement is to increase their adhesive 
*«gbt, and thus their tractive force. They are mostly used in mountainous countries and on nar- 
row-giage railroads; also for switching purposes, and on metropolitan or suburban railroads. An 
example of this form of locomotive is shown in Fig. 2875. It has its tank placed on the locomotive- 
frame, which extends beyond the fire-box. The driving-wheels are placed under the boiler, and the 
truck under the tender, by which arrangement the whole weight of the locomotive is utilized for 
^hesion, while a long and flexible wheel-base is preserved. If intended to travel but in one direc¬ 
tion, this locomotive is arranged to run with the tender in front. It is used for rapid-transit pur¬ 
poses on the elevated and suburban railroads, and also on narrow-gauge routes. 

2876 is a double-ender tank locomotive^ this name indicating that it can run with either end in 
It is of similar design to the locomotive just described, excepting that it has a two-wheel 
^ck in front, which carries a portion of the weight of the locomotive. 

Kg. 2885 represents a Belgian tank locomotive with water-tanks placed on both sides of the boiler. 
To idmit of its running in curves, the extreme axles are allowed to move laterally in their guards. 

There are also tank locomotives which have their tanks placed on the top of the boiler; these arc 
®*lled taddledank locomotives. 


♦ Heuinger's “Locomotlvbou,*’ p. 872. t Ibid., p. 873. 
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Fig. 2886 represents a tank locomotive built on what is known as the Engerih aytiem. Its tender 
is placed on a separate frame, so arranged that it can be pushed under the boiier, the fire-box of 
which comes between the tender-axles. The tender-frame is pivoted to the engine-frame by a centre- 
pin, admitting thus of an easy motion on curves. 

This style of locomotive is disappearing on ac¬ 
count of its repairs being too costly. 

Fig. 2877 represents a double-truck tank loco¬ 
motive, known in America as MaaorCs loconio^ 

Uve^ wUch, similarly to the Fairlie locomotive, is 


supported on two trucks—one carrying the boil¬ 
er on a centre-pin, and having the cylinders at¬ 
tached to the truck-frame, and the other sup¬ 
porting the tender, which is placed on the same 
frame with the boiler. 

Fig. 2887 represents a small tank locomotive 
designed by Mr. Brown of Winterthur, Switzerland. Its peculiarity is, that the movement of the 
pistons is transmitted to the driving-wheels by means of rockers, fastened on a rocking-shaft. This 
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design admits of very small driving-wheels with a convenient position of the cylinders. It dispenses 
with the counterbalance weights, as the reciprocating parts are balanced by the connecting-rods. 
The tank is here placed under the boiler, the frame-plates forming its sides. 

SwrrcHixo LbcoxoriVES have the same characteristics as freight locomotives. They require even 
a proportionately greater adhesive weight, as their duty is to shift cars and trains in the depot yards, 
thus constantly reversing their motion, while the rails are, in such places, often rendered slippery by 
grease from the axle-boxes. 

They are either four- or six- 
whed coupled, and usually of 
the tank locomotive pattern. 

Fig. 2878 represents a four- 
wheel switching locomotive 
with a separate tender. 

Otbxr Styles of Locomo¬ 
tives. —Fig. 2879 represents 
a double-end locomotive for 
passenger or freight traflSa 
By this arrangement about 
four-fifths of the whole weight 
can be placed on the drivers. 

This style of locomotive is 
used on the Metropolitan Ele¬ 
vated Railroad in New York. 

Fink'9 (ocomotive, Fig. 2888, has been designed for mountain service. It has 10 wheels coupled 
and so arran^ as to run in curves of 276 ft. radius. The three first axles are guided by one frame, 
and the two hind axles by another frame; the frames are coupled by a pivot-bolt in front of the 
fire-box, in the same manner as on Engerth^s tank locomotives above described. The third is the 
main driving-axle, and is coupled with parallel rods to the two front axles in the usual manner. The 

two hind axles are also coupled with 
each other. The frames being out¬ 
side, all axles are provided with out¬ 
side cranks. To transmit the power 
from the main axle to the hind axles, 
an intermediate shaft and* radiating 
parallel motion have been devised. 
This shaft Is carried by and above 
the first of the hind axles, on spheri¬ 
cal bearings, and is kept at a con¬ 
stant distance from the main axles 
by means of rods provided also with 
spherical bearings. By this contri¬ 
vance the axles of the front and rear 
frames may adapt themselves to the 
varying angularity on curves, without 
producing the slightest change in the 
distances of the bearings of the intermediate shaft, and of axles with which they are jointed, admit- 
ti^ thus of coupling the cranks of the intermediate shaft with the cranks of the main and the first 
hii^ axles. 




Four-C^ltnder Locomotive .—^The first attempts to unite two locomotives in one, thus doubling 
the power, were made in the United States as early as 1831, when a locomotive of this form designed 
by Horatio Allen was built in New York for the South Carolina Railroad Company.^ It had two 
boilers with a common fire¬ 
box in the centre, and was 
supported on two bogies. 

bogie had but one 
cylinder, placed in the 
•moke-box, and the con¬ 
nections were made by 
means of ball-joints. 

There are two systems 
of this kind of locomotives, 
raerally known as Fair- 
fi^9 and MeifeFo systems. 

The first is represented in 
Fig. 2889. It consists of 
a doable boiler, with a fire¬ 
box placed in the centre, 
which is divided into two 
parts by a water space. The whole is supported on two centre-pin trucks, each of which is provided 
with a pair of cylinders. The steam is carried to the cylinders through a pipe, which connects to 
die boiler steam-pipe at the centre of the truck. The Fairlie locomotives, although at first thought 
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* Railroad GaoetU, U., p. 629. 
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to nuke an epoch in locomotive construction, are not so successful as to guarantee their perma¬ 
nence. Meyer’s system differs from the other principally by having a single boiler, and the four 
ejlinders placed toward the centre of the locomotive. Only two of these have been built, both in 

Four-cylinder locomotives have also been designed by Petiet for the Northern Railroad of France. 



M. Beugniot has designed a locomotive for an Italian mountain railroad, which is known under his 
name. Its peculiarities consist in an arrangement by which the axles move laterally on the track, 
renoainingvparallel to each other. Four of the five axles are coupled, and the fifth, which carries 
oaly a small portion of the locomotive weight, constitutes the front axle of the tender. Elach axle 
bas two inside and two outside journals, the first carrying about three-fourths of the whole weight. 



The axle-boxes of the inside journals are provided with vertical pins, above and below, by means of 
which each two boxes on the neighboring axles, on the same side, are connected with movable 
fumes. The outside journals support a regular locomotive frame, which carry the cylinders. The 
enus-heads are placed at the reversed ends of the cylinders from their customary position, and each 
has a pair of connecting-rods, acting on four cranks, of which two are inside and two outside of the 
main driving-axle. 

iMnmoHvtg with iendtn as helpers have been built in Belgium from designs of Maurice Urban. 
The tender is provided with two cylinders, which are supplied with steam from the locomotive boiler, 
utd act on the coupled wheels of the tender. 

IjicomMives for very steep grades^ up to 26 in 100, have been provided with a special mechanism 
to increase their adhesion. Sellers in Cincinnati and Fell on Mont Cenis have applied a pair of 
horizontal rollers acting on a third rail, placed between the two outside rails. Against this inner 
rail the rollers are pres^, so increasing the adhesion. 

Geared locomotives^ working in a rail-rack, have found quite a large application in mountain rail¬ 
roads. Fig. 2890 represents Riggenbach’s geared locomotive. The main shaft has two pinions, one 
to revolve the geared wheel that works in the rack, the other to revolve a second shaft which by 
means of a crank is coupled to outside wheels, which run on the ordinary rails. The locomotive is 
prc^lled cither by the geared wheel or by the adhesion of the drivers, and the change from one 
setion to the other is accomplished by moving the pinions laterally on the main shaft, if need be, 
^ficn the locomotive is in motion. 

DocBiE-PisTON AND Doublb-Cylinder Locomotives. —doublc-piston locomotive bas been built in 
England, from the design of Bodmer, with the object of producing an engine free from internal 
c&turbing forces, and thus capable of the highest speed with perfect safety. Each cylinder is pro¬ 
vided with two pistons, their rods projecting at the opposite ends of the cylinders, and acting on 
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l>imenaio$tSf WeigfU*^ ete.^ of American Locomotiveii, illustrated in fig*, 2869 to 2879 . 
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the same crank; on the latter are two crank-p!ns, placed opposite each other or at ISO*". The pis¬ 
tons are connected to two cross-heads, side by side, the back pistons directly through their rods, and 
the front pistons by means of a combination of rods which are placed on the outside, around each 
of the cylinders. Each cross-head is coupled with its crank-pin by a connecting-rod. The pistons 
move simultaneously in opposite directions, the pressures and the momenta of the moving masses 
being thus always counterbalanced. The desired object has been attained by this construction, 
but a practical difficulty has been found in the costly repairs due to tie complication of parts. 
Other plans of double-piston locomotive engines have since been proposed, but none (1879) have 
been built, probably bemuse the public is still satisfied with the present rate of speed. 

To attain the same object, Haswell in Austria has produced a double-cylinder locomotive, arranged 
with two cylinders on each side, one above the other, acting on cranks placed relatively at 180\ 
The steadiness of this locomotive is great, but the complication prevented its introduction. 

Mallet* 8 CkiMPOUND LOCOMOTIVE. —M. Mallet, a French engineer, has designed a locomotive on 
the compound principle,* one of which was exhibited in Paris in the Exposition of 1878. The 
steam-cylinders, one on each side, are of different diameters. A releasing valve, by means of which 
the locomotive can be made to work as a compound or as a single-acting engine, is the only addition 
to the mechanism of the ordinary locomotive. Economy in fuel is claimed for this arrangement. 

Mine Locomotives. —On account of the moist condition of the tracks on which they travel, these 
locomotives require great adhesive weight. Hence they have all their wheels coupled, and are of 
the tank pattern. Their dimensions in point of width and height are very limited, while their trac¬ 
tive force is large and their speed slow. Fig. 2891 represents a locomotive built by the Baldwin 
Locomotive Works, and working in a gold mine at Forest City, California. It is employed in a 
tunnel 4,000 ft. in length, in which is a track of only 20 in. gauge, laid with T rails, and having 
grades, some of which are as steep as 220 ft. per mile. The timnel is 4 ft. wide at the track, and 
for 18 in. up; thence it tapers to 2^ ft. in width at the top. The extreme height from level of rails 
to top of tunnel is ft. The track has curves of from 60 to 150 ft. radius. Small four-wheeled 
cars, having wheels 12 in. in diameter and a wheel-base of 20 in., and which weigh 750 lbs. each, 
and can carry two tons each, are used on this track. 

The following table contains the dimensions of the principal types of mine locomotives built by 
the Baldwin Locomotive Works of Philadelphia: 


Table thovoing Dimensione of Mine Locomotives. 


Number of driving-wheels . 

4 

4 

4 

Diameter of “ “ in . 

80 

80 

80 

Length of wheel-base. In. 

46 

48 

fO 1 

Diameter of pistons, In. 

8 

9 

10 ' 

Stroke of “ in. 

12 

12 

14 

Size of steam-portn, in . 

♦ * 

f X 74 

f X T» 

Size of exhaust-ports, in.. 

11 X T* 

U X 

14 X 74 

Travel of valve, in.. 

21 

2* 

8 

Outside lap of valve, in . . 

1*0 

4 

4 

Inside “ “ in . . .1 


2 to 

A 

Diameter of exhaust-nozzle, in . | 

2 toil 

2Jto24 

Diameter of boiler, in . 

24 

28 

84 

Number of flre-tubes . I 

43 

52 

89 

Diameter of “ in . 1 

n 

U 

14 

Length of “ ft. and in . 

6 4 

6 8 

8 1 

Width of flre-box, in . i 



214 

Length of ** in . 

211 

8.1 

42 

Height of ** In . 1 

88 

82 

*’4 

Heating surface of tubes, sq. ft . 

105 

184 

2-4 

Heating surface of ftro-box, sq. ft . ] 

24 

80 

88 5 

Total heating surface, sq. ft . ' 

129 

164 

822.5 

Area of grate, sq, ft .. ' 

6 

4.5 

8 

Ratio of -) heating surfHco to flre-box surface . 

5.37 

6.46 

8 87 

25.H 

6C.4 

40.4 

Length of siiioke-bo.x, in . i 

19 

19 

19 

Diameter of chimnev, in . ' 

8 

9 

10 

Capacity of tank, galls . 

200 

800 

ISO 

Weight of locomotive, empty, lbs . 

“ “ loaded, lbs . I 

1«,(H>0 

1 16.000 

20,000 

15,(MK» 

18,000 

23.00<» 

Length of locomotive over all, ft, and in . 

15 

15 6 

18 8 

Width of locomotive — gauge plus, in . i 

28 

80 

28 

Height of locomotive fW»m top of rail to top of chimney, ft. and In. 

5 8 

6 2 

5 5 

Effective boiler steam-pressure per square inch, lbs .. | 

Tractive force per each pound of effective steam-pressure per i 1 
square Inch on the pistons, lbs . 1 1 

100 to 125 

103 to 125 

100 to 125 

25.6 

82.4 

46 6 


Steam-Carriages capable of running on ordinary roads have frequently been built, but have not 
come into general use. Reviews of the older forms of the steam-carriage will be found in “ Knight's 
^lechanical Dictionary *’ and in “ Reports of the U. S. Commissioners to the Vienna Exposition of 
1873.” The modem representative of the vehicle is the road locomotive or traction-engine, which 
is described under Engines, Portable and Semi-Portable. 

Steam Hand-Cars arc used by railway officials for making inspection of the road. The following 
are dimensions of one built by Mr. J. Noble of St. Louis, Mo.: Boiler vertical, height 34 ft, diameter 
18 in., steam-pressure 140 lbs.; cylinders horizontal, 3^ by 6 in. The boiler and engine are located 
in the middle of the platform, which is about 10 in. above the ground, and suspended below the 
axles. The highest speed attained was 7 miles in 16 minutes, (^e Scientific Americany xxxv., 79.) 


• See Railroad Gazette, lx., 561. 
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Strebt-Car Locomotites. —The necessity of rapid communication in cities, and also motives of 
economy, have led to the employment of locomotives as motors on city railways in preference to 
horses. They are either separate motors, or are combined in one with the passenger car, being then 



called steam-cars or ** dummies.’* They are made noiseless by a special arrangement of exhaust, 
ind in order not to show smoke they are made to bum coke or anthracite coal. Powerful brakes 
admit of stopping them in the same or in less time and a shorter space than the ordinary horse-car. 
In order to pass sharp curves of 26 ft. radius, their wheel-base is very short. They can attain a 



speed of from 12 to 15 miles p)er hour, and consume from 6 to 7 lbs. of coal per mile. It has been 
Mated that four steam motors will take the place of 63 horses, and show a saving of about $40 a day. 

Fig. 2892 represents a separate motor, and Fig. 2893 a steam-car, as built by the Baldwin Loco- 
UMitive Works; and the following table shows their dimensions, weights, etc.: 
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Table ihovoing Dimensions^ ete.^ of Street-Car Loeomotives. 


DETAILS. 


Number of driving-wheels. 

Diameter of “ “ In. 

Wheel-base, ft. and in. 

Diameter of axle-journals, in. 

Length of “ in. 

Position of cylinders. 

Distance between cylinder centres, In. 

Diameter of cylinders, in . 

Stroke of “ . in. 

Travel of valve, in. 

Outside lap of valve, in. 

Inside “ “ in. 

Throw of eccentrics, in. . 

Length of steain-iwrts, in. 

Width of “ “ in. 

Width of exhaust-ports. In. 

Diameter of exhaust-nozzle, in. 

Diameter of boiler, in. 

Diameter of tire tubes, in. 

Length of “ in. . 

Number of “ . 

Diameter of inside fire-box, in. 

Height of “ “ in. 

Heating surface of fire-tubes, sq. ft. 

Heating surface of flre-bo.x, sq. ft. 

Area of grate, sq. ft. 

Diameter of chirane.v, in. 

Capacity of tank, galls. 

Length over all, ft. and in. 

Height IVom rails to top of chimnev, ft. and In. 

Eftective .steam-pressure in boiler, lbs. 

Tractive force per lb. of effective steam-pressure, per sq. in. on the pistons, Ibe.. 


Steam-Car. 

Separata Motor. 

4 

4 

80 

1 80 

7 6 

6 6 

& 

4i 

71 

i 

llorizoutal. 

IIorlzontaL 

68 

62 

8 

2 

10 

10 

21 

21 

Si 

* 

A 

H 

8 

U 

41 

I 

1 

1 1 

, 1 

If to 2 1 

1 2 to 21 

80 

84 

u 

1 11 

47 

41 

114 1 

! 86 


i 24 

25 

23 

145.7 

123 

15 

18 

2.13 

! 4.5 

7 

11 

100 

150 

15,000 

12,000 

17,000 

14,000 

22 

18 6 

11 6 

9 9 

100 to 125 

100 to 125 

21.8 

27 


The Baxtei' Steam Street-Car^ Figs. 2894 and 2896, is essentially similar to the preceding. The 
boiler is upright, and is placed on the front platform; a non-conducting partition prevents heat from 
entering the car. The engine, below the platform, is compound and double-acting. In ordinary use, 
the steam from the smaller cylinder exhausts into the larger; but in ascending grades the full pres¬ 
sure of the steam may be made available in both cylinders, greatly increasing the power. 

Compressed-Air Locomotive. —M. L. Mekarski has successfully introduced this style of locomotive 
on French tramways. It consists of a reservoir containing air compressed to about 450 lbs. per 
square inch, which furnishes the motive power. The compressed air is admitted into the ordinary 
locomotive cylinders, but to improve its action it is forced through a tank of hot water of about 288° 



F. initial temperature, where it becomes saturated with steam, thus increasing its density and tMl- 
perature. In this state the air can be used expansively without producing freezing temperatures, 
which would present many inconveniences. The air is admitted at a constant pressure to the cylin¬ 
ders by means of an equalizing throttle-valve devised by M. Mekarski, which is placed on the top of 
the hot-water reservoir, and is represented in section in Fig. 2896 a. This throttle consists of two 
chambers separated by a partition perforated with holes; under this partition is placed a rubber 
diaphragm, which cuts off the communication between the two chambers. The upper chamber is 
filled with water acted on by a piston, which can be moved up or down by means of a screw-spindle 
surmounted by a hand-wheel, as shown. The piston if moved down presses on the water, which 
pressure is communicated to the rubber diaphragm. Air inclosed in the angular space which sur¬ 
rounds the upper or water chamber acts as a spring, the tension of which is easily regulated by the 
position of the piston. The lower chamber is in communication with the chests of the cylinders, and 
with the top of the hot-water reservoir, from which the compressed air passes out through an open¬ 
ing regulated by a small conical valve. This conical valve is guided by a rod, on the top of which 


Digitized by i^ooQle 





















































LOCOMOTIVES, CLASSIFICATION AND FORMS OF. 347 


is attadicd a flat disk which takes the pressure of the rubber diaphrapa. The pressure of the air 
oontained in the upper chamber of the throttle, acting through this disk on the valve, opens it and 
admits the compressed air of the^ reservoir into the lower chamber. It is evident that the pressures 
in the upper and lower chambers must be in equilibrium; in other words, as the pressure in the 
lower cumber falls off, the air in the upper chamber will expand, and thus move the valve down, 
admitting of a larger opening through which the air of the reservoir enters the lower chamber; a 




preater pressure in the lower chamber would compress the air in the upper chamber, acting on the 
rubber diaphragm from the lower side, through the disk which moves the valve upward partly 
clodng the opening At the Paris Exposition of 1878 two of these locomotives were exhibited. One 
was a car.motor, with four wheels, having ten cylindrical reservoirs, 0.6 metre in diameter, contain¬ 
ing 2,800 litres or 100 kilogrammes of air compressed to 80 atmospheres. The hot-water reservoir, 
containing at the starting-point 126 litres of water, at the temperature of 160® C., had the reducing- 
Talve attached to its top. The cylinders were outside, 0.136 m. in diameter, and with 0.260 m. 
stroke of the piston; the wheels were 0.700 m. in diameter. The car had 17 seats and space for 18 

standing passengers and the conductor. The front plat¬ 
form was reserved for the engine-driver. The whole car 
when loaded weighed about 8 tons, and could run on a 
level 12 kilometres (7.66 miles). 

Another locomotive was a separate motor, also four- 
wheeled, having four reservoirs containing 6,600 litres of 
air compressed to 30 atmospheres. The hot-water reser¬ 
voir contained 260 litres of water at 160® C. The cylin¬ 
ders were 0.190 m. in diameter, with 0.260 m. stroke of 
the pistons. It could haul on a grade of 6 in 100 one 
loaded passenger car, and run a distance of from 16 to 18 
kilometres (from 9.32 to 11.18 miles) on the level. 

Tlu Firele»% Ijocomoiive is the invention of Dr. Emile 
Lamm of New Orleans, and has found a practical applica¬ 
tion, in both America and Europe, for street-car traction. 
The principle of its action is that heated water under 
steam-pressure is capable of retaining an amount of heat 
which, as the pressure diminishes, is disengaged, changing 
a portion of the water into steam. Fireless locomotives 
are, on this account, also known as “ hot-water engines.*’ 
A fireless locomotive designed by Theodore Scheflfler, 
several of which have been put in operation on the Cres¬ 
cent CJity Railroad in New Orleans, will be found illus¬ 
trated and described in the Railroad Gazette of Aug. 24, 
1877. See also a series of papers on the subject in Eixgi- 
neering News, February and March, 1879. Scheflfler’s loco¬ 
motive has a cylindrical tank 81 in. in diameter and 9 ft. 
long, for holding the hot water. Its capacity is 300 gal¬ 
lons. There is but one pair of drivers, 30 in. in diameter, 
which are actuated by pistons at two cylinders of 44 by 
10 in. The tank is charged with water from a stationary 
boiler, heated up to a temperature of 890®, which is that 
corresponding to a pressure of 220 lbs. per square inch. 
With such a charge the engine can propel the machine over 
s distance of six miles, drawing an ordinary loaded street-car, the pressure of the tank at the end of 
the run being reduced to about 40 lbs. 

The fircless locomotive has been somewhat improved by the addition of a furnace to the hot-water 
reservoir, into which a few shovelfuls of ignited coal are thrown at the departure from the starting- 
station. The fuel bums slowly, thus compensating partly for the losses of heat. A proportionate 
redaction of the amount of hot water in the reservoir is made. 
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Dimensions, Weights, etc., of Standard Engines used on Pennsylvania Railroad. 


g 

DETAILS. 

I. 

Class A. 

PuMoger 
EngiD* with 
i Tender. 

II. 

Class B. 

PsMengvr 
Engine with 
Tender. 

III. 

Class C. 

Puwnger 
Engior with 
Tender. 

IV. 

Class C. 

PaMenger 
Engine with 
Tender. 

Y. 

Class D. 

Freigbl 
Engine whh 
Tender. 

1 

2 

8 

4 

5 

6 

7 

Number of pairs of driving-wheels. 

Diameter of driving-wheels, in. 

Total wheel-base, ft. and in. 

Length of rigid wheel-base, ft. and ln.\. 

Diameter of driving-axle bearing, in. 

Length of driving-axle bearing, in. 

Diameter of main crank-pin bearing, in. 

2 

63 

22 5f 

8 

7 

7# 

H 

H 

2 

62 

22 54 

8 6 

7 

74 

3* 

4 

2 

62 

22 54 

8 6 

7 

74 

H 

84 

4 

2 

62 

22 54 

8 6 

7 

74 

84 

84 

4 

28 8 

12 6 

H 

74 

4 

8 

Length of main crank-pin bearing, In. 

4 

9 

Number of wheels in front truck" .. 

4 

10 

Diameter of wheels in front truck, In. 

Swing- 

centre. 

Outside. 

81 

17 

24 

5 

23 

28 

28 

28 

11 

12 

Type of truck.j 

Position of cylinders. 

Swing- 

centre. 

Swing- 

centre. 

Outside. 

81 

17 

Swing- 

centre. 

Swing- 

centre. 

Outside. 

18 

Width from outside to outside of cylinders, in. 

81 

81 

81 

14 

Diameter of cylinders, in..... 

18 

IT 

IS 

15 

I^ength of stroke, in.... 

24 

24 

24 

2i 

16 

Travel of valve, in. 

5 

5 

5 

5 

17 

Outside lap of valve, in. 

a 

4 

4 

4 

4 

18 

Throw of eccentrics, in. .. 

1 

5 

5 

5 

5 

19 

20 

Length of steam-ports, in. 

WMoth of steam-ports, in. 

16 

U 

2* 

A 

16 

u 

24 

A 

16 

n 

■i- 

a 

16 

14 

24 

At 

16 

H 

24 

A 

21 

Width of exhaus*t-p>orts, in. 

22 

Thickness of boiler-plates and dome, in. 

28 

Thickness of outside fire-box slope, in. 

1 

4 

V 

4 

4 

5 4 

484 

78 

24 

Thickness of waist and smoke-box, in. 

A 

4 

4 

25 

Maximum internal diameter of boiler, in. 

614 

484 

74 

5l| 

484 

74 

155 

2 

24 

12741 

724 

85 

614 

26 

Minimum internal diameter of wagon-top, in. 

27 

Height to centre of boiler from top of rail, in. 

76 

142 
; 2 

131A 

66i 

S.") 

28 

29 

80 

81 

82 

88 

Number of tubes. 

Inside diameter of tubes, in.i 

Outside diameter of tubes, in.1 

Length of tubes between sheets, in.j 

Lenj^h of fire-box bottom (inside), in.' 

Width of fire-box bottom (inside), in. 

155 

2 

24 

85 

183 

u 

2 

125A 

844 

52 

119 

24 

24 

35 

84 

Height of crown-sheet above top of grate, in. 

6UJ 

Steel. 

A 

604 

Steel. 

6(»4 

Steel. 

4 

574 

Steel. 

85 

Inside fire-box material. 

Steel. 

86 

Thickness of fire-box sheets, sides, in. 

4 

4 

I 

A 

87 

Thickness of front, back, and crown, in. 

t 


<L 

A 

1,002.60 

878.45 

83 

Thickness of tube sheets, in. 

V 

4 

4 

997.25 

89 

External heating surface of tubes, sq. ft. 

920.52 

941.87 

941.87 

40 

Internal heating surface of tubes, sq. ft. 

815.4 

858.70 

858.70 

886.55 

41 

Fire area through tubes, sq. ft. 

8 16 

8.87 

3 37 

8.05 

8.28 

42 

Fire-grate area, sq. ft. 

16.1 

181.72 

1,052.24 

947.12 

5.09 

17.6 

17.6 

115.11 

1,056.98 

978.51 

5.22 

29.13 

158.55 

1,161.16 

1,086.95 

9 55 

14 5 

48 

Heating surface of fire-box, sq. ft. 

115.11 

95 97 

44 

45 

46 

Total heating surface with external area of tubes, sq ft. 
Total heating surface with internal area of tubes, sq. ft. 
Fire-grate area divided by tube area, ft. 

1,056.98 

978.51 

5.22 

1,098.22 

982.52 

4.42 

47 

Minimum diameter of smoke-stack, in. 

IS 

18 

18 

14 8 

13 

14 8 

18 

43 

Height of stack from rail, ft. and in. 

14 8 

14 8 

14 8 

49 

Size of exhaust nozzle, in. 

24x84 

1.T67 

24x84 

1.767 

24x34 

1.767 

9.96 

24x84 

I. 76T 

16.48 

II, 188 
Anth. 
68,680 
78,760 

2.400 

8,000 

24x84 

1.767 

50 

Least sectional area of chimney, sq. ft. 

51 

Fire-grate area divided by feast sectional area of 
chimney, ft... 

9.11 

9.96 

8.20 

52 

Total tractive force with effective pressure of four- 
fifths boiler, lbs. 

10,200 

Bit. 

65.2<M) 

12,542 

Bit. 

11.188 

Bit 

12,792 

53 

Nature of fuel, coal. 

Bit 

5t 

Weight of engine empty, lbs. 

67.100 

66,800 

75,500 

2.400 

8,000 

68,500 

77,400 

2,400 

8,000 

M 

W'elght of engine in service, lbs. 

71,900 

2,400 

h,000 

76.850 

56 

Capacity of t^k, galls. 

2.400 

8,000 

[OT 

Capacity of coal-tank, lbs. 



LOCOMOTIVES, INSPECTION AND DRIVING OF. It is a matter of the greatest importance 
that the locomotive should be carefully inspected, and all inaccuracies in its construction discovered 
before it is set to work ; and this not only when it is new, but also before every trip. It is a matter 
of greater difficulty than is usually supposed to manage a locomotive so as to secure it the longest 
life, by preventing all the unnecessary wear that it is possible to obviate, by detecting all causes from 
which an accident might result while on the run, and by working the engine with the best economy 
in fuel and lubricants. Many books have been written on this special subject, but they are far from 
being exhaustive. Locomotive driving, like seamanship, must chiefly be learned by practical experi¬ 
ence. In this article, therefore, we can only touch upon the more salient points of the subject. 

The boiler, when first built, and periodically afterward, should be tested under cold-water pres¬ 
sure, to show all the leaking spots which can be secured by calking. Testing under steam should 
follow. It is not intended, of course, to find out whether the boiler will explode, as so crucial an 
experiment might well result in a disaster, more dangerous when occurring in a crowded shop 
than on the open road. The pressure should be gradually increased, and close attention paid lest 
a brace, or a stay-bolt, or a rivet break during the test. The boiler should be frequently and 
minutely examined all over, and it is well to sound the stay-bolts with a light hammer in order to 
detect breaks in them. Sounding of stay-bolts, however, is not a very reliable means of determining 
rupture; and a careful engineer will always iJf possible inspect them from the inside. The best 
means of providing for the discovery of broken stay-bolts is to make them hollow, a bole being 
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DimensionSy WeiglUs^ dc.^ of Standard Engines used on Pennsylvania Railroad (continiuid). 


z I 


1 12 

15 

i 15 

16 
' 17 

IS 
19 
‘ ») 
21 
■ 25 
I 28 

24 

25 

26 
27 
2S 
29 
SO 
81 
82 
88 

84 

85 

86 

87 
8S 

88 

40 

41 

42 

44 

45 

46 

47 
4S 

: 49 

50 

51 

59 


Number of pairs of driving-wheels. 

Diameter of driving-wheels. In. 

Total wheel-baae, ft. and in. 

Length of rigid wheel-base, ft. and in. 

Diameter of driving-axle bearing, in. 

Length of driving-axle bearing, in. 

Diameter of main crank-pin bearing, in. 

Length of main crank-pin bearing, in. 

Number of wheels in front truck. 

Diameter of wheels in front truck, in. 

T^-pe of track.| 

I Position (^cylinders. 

I Width from outside to outside of cylinders, in. 

Diameter of cylinders, in. 

' Length of stroke, in. . 

, Travel of valve. In. 

Outside lap of valve, in. 

I Throw of eccentrics, in. 

Width of exhaust-ports, in. 

I Thickness of boiler-plates and dome, in. 

I Thickness of outside fire-box slope, in. 

I Thickness of waist and smoke-box, in. 

' Ma.ximum internal diameter of boiler, in. 

Minimum internal diameter of wagon-ton, in. 

i Height to centre of boiler from top of rail, in. 

‘ Number of tubes. 

I Inside diameter of tubes, in. 

I Outside diameter of tubes, in. 

I Length of tubes between sheets, in. 

Length of fire-box bottom (Inside), in. 

Width of fire-box bottom (Inside), in. 

Height of crown-sheet above top of grate, in. 

Inside fire-box material. 

Thickness of fire-box sheeta, sides, in. 

Thickness of ftront, back, and crown, in. 

Thickness of tube sheets, in. 

External heating surface of tubes, sq. ft. 

Internal heating surface of tubes, sq. ft. 

Fire area through tubes, sq. ft. 

Fire-grate area, so, ft,. 

Heating Burfheo or fire-box, sq, ft. 

Total heating surlhce with external area of tubes, sq. ft. 
Total beating surface with internal area of tubes, sq. ft. 

F'lre-grate area divided by tube area, ft. 

Minimum diameter of smoke-stack, in. 

Height of stack ftom rail, ft. and in. 

Size of exhaust-nozzle, in. 

Least sectional area of chlranev, sq. ft. 

Fire-grate area divided by least sectional area of 

chimney, ft. 

Total tractive force with effective pressure of four- 

j fifths boiler, lbs. 

58 Nat'jre of fuel coal. . 

54 I W’eight of engine empty, lbs. 

) 56 I Weight of engine in se^ce, lbs. 

I 56 I Capacity of tank, galls. 

5* J Capacity of coal tank, lbs. 


VI. 

VII. 

VIII. 

IX. 

X. 

CLAhS E. 

CLAt-9 F. 

Class G. 

Class 11. 

Clash I. 

FrviKht 

Sbiftinft 

Pai*M-nper 

Shiflinp 

FreiKlti 

Enpne with 

Encine with 

Enpine with 

Enpine with 

Enpine with 

Tender. 

Saddle Tank. 

Tauder. 

Tender. 

Tender. 

8 

8 

2 

8 

4 

50 

44 

56 

44 

50 

28 8 

9 9 

19 

9 10 

21 6 

12 8 

9 9 

7 

9 10 

18 8 

4 

lii 

Ci 

a 

^^4 

U 

U 

U 

14 

‘4 

4 

•'i 

4 

?4 

44 

4 


4 

U 

5 

4 


4 



2 

26 

S%ving- 

centro. 

1 No 
j truck. 

26 

Swing- 

centre. 

J 

No 

truck. 

2S 

Half 

truck. 

Outside. 

Outside. 

Outside. 

Outside. 

Out.slde. 

81 

81 

M 

81 

84 

18 

15 

15 

15 

20 

22 

IS 

22 

22 

24 

6 

4 

4 

4 

5 

i 

1 

f 


1 

5 

1 

5 


5 


5 

16 

12 

12 

12 

1*4 

u 

1 

1 

1 

14 


‘2 

2 

2 

-4 

TO 

T8 

7*8 

7*8 

7*8 

f 

t 

4 

f 

i 

f 

I 

f 

f 

t’’* 

f>li 

4 i 

4(4 

4'. 4 

r«4 

71 

424 

414 

4:4 

6:4 

70 1 

6^4 

'.7 

128 

89 

180 i 

91 

18 S 

1 ‘-i 

2 

I 14 

24 

-4 

1 

‘4 


‘4 

‘-4 


149}5 

115 1 

15i 1 


444 

I 


96 

' 85 

85 

85 

85 

y.H 

i STi 

45 

5.4 i 

4C4 

4 f 

! Steel. 

Steel. 

Steel. 

Steel. 

Steel. 

1 i 

4 

4 1 

4 

4 

1 78 



7^8 

7*8 

i 

4 

4 

4 

4 

9M .83 * 

651.22 

652.81 

776.18 

l,158.ri5 1 

885.6 

67S.5 

574.0 

669.79 

1,048.2S 1 

8.89 

1.98 

2.17 

2.61 

8.75 

1 16.84 

10.7 

18.8 

18.2 

28 i 

111.27 

61.29 

69.04 1 

79.11 

100.91 1 

1,096.10 

712.51 

721.85 

8.55.24 

1,259.56 1 

996.b7 

G;;9.79 

640.04 

77 s.90 

1,144.19 1 

4.S5 

5 C4 

6.18 

5.28 

6.16 1 

lb 

15 

17 

15 

20 

11 ^ 

14 

14 S 

14 

15 11 

ii V J i 

24 X 3 

1 24 * 3 


8x4 

1.767 

1.227 

, 1.576 

1.227 

2.181 

9.24 

8.72 

8.50 

10.8 

10. M 

14,256 

92.045 

e,‘^89 

11.250 

19.200 

Bit. 

Bit. 

Bit. 

Bit 

A nth. 

69.200 

52,500 

M.150 

5;i,ioo 

82.180 

75.600 

63,500 

60,000 


t)0,450 

2,200 

91.IVI0 

2,400 

S20 

1.6(H> 


8.000 

8,000 

1,500 

6,500 

5 , 0:0 

8,(»00 



—1 


T. F. K. 


drilled through them longitudinally. This aperture opens to the inside of the fire-box, but is closed 
on the outside. When the stay-bolt breaks, it at once leaks to the inside, and is thus easily found. 

All scale formed in the boiler should be thoroughly scraped off, as it prevents evaporation and 
may cause explosion. It is well therefore to have as many hand-holes as may be necessary, to give 
free admission to all parts of the boiler where the scale usually forms. Frequent washing out of the 
bofler is very important, and should never be neglected. The fire-tubes should be kept clean from 
sediment, and a good way to do this is to blow steam through them often. The smoke-box and 
also the smoke-stack, if it has a spark-collector, as on the wood-burning locomotives, should also be 
cleaned from fallen sparks. The netting of the smoke-stack, if injured,-should be mended, as 
pieces of inflamed fuel thrown out set buildings or woods on fire. Many “ mysterious ” conflagrations 
along railroads are thus caused. The grate and the ash-pan should be kept clean. In fact, cleanliness 
is a prime virtue in those in charge of locomotives, and should be rigidly demanded all over the 
macUne. Dirt or rust on his engine'is the sure sign of a negligent driver. The throttle-valve and 
the steam-pipes should not be allowed to leak. Li^ks in the first are easily discovered by the steam 
escaping from the cylinder-cocks, when these are open and the throttle-valve is closed. The safety- 
valves should be fluently inspected to render it certain that nothing prevents their blowing-off at 
the required pressure. The injectors should be tried while the locomotive is in the round-house, and 
the pumps should be tested immediately after leaving the house, by means of the pct-cock. The 
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tender, as well as the pipes and valves which control its commnnication with the feeding apparatus, 
should be kept free from sediment The slide-valves, if not tight, will admit of steam leaking 
through the cylinder-cocks when placed in their middle position, and will thus reveal the fact. The 
same thing will occur if the piston-packing rings are not set up sufficiently tight, the steam blowing 
from the admission side to the exhaust, and escaping through the open cock. Care, however, should 
be taken not to set the piston-rings too tightly, as this would cause friction and heat which would melt 
the soft metal in them. The stuffing-boxes should be packed only sufficiently tight not to admit of 
the steam leaking through thenu It is well to clean the cylinders and steam-chests, by blowing 
steam and water through them, for which purpose the cylinder oil-cups can be used. All the moring 
parts of the mechanism—in fa^ wherever wear is taking place, as on the cross-heads, slides, or con¬ 
necting-rod brasses—should be carefully watched, so that no lost motion may exist. Care must be 
taken in adjusting the connecting-rod brasses, so that they shall be neither too loose nor too tight, as 
in the latter case they would heat. The coupling-rods should have their brasses carefully adjusted 
to prevent the distance of their centres from being changed from what it should be, namely, from 
the distance of the centre of the axles. It is of the utmost importance that all the moving parts 
should have their true centre-lines. The centre-lines of the cylinders should be square to the centre¬ 
lines of the axles, which last must thus be parallel to one another. This is provided for when the 
new locomotive is being erected, but a good engine-driver will always satisfy himself of the fact. 
Not less important is it that the cranks are of equal length and square. This can be ascertained by 
a special instrument made for this purpose.* The eccentrics should be square to the axle; and in a 
word, throughout all the mechanism the centre-lines must be true with the direction of motion. 

AdjwAing Centre-Lines, —^The centre-lines of the cylinders and the axles are adjusted by means of 
the frames. This is accomplished as follows: The boiler is placed so that its axial line is horizon¬ 
tal ; the frames are then pla^ and attached parallel with it, their horizontal position being ascer¬ 
tained by a spirit-level Plumb-lines thrown over the boiler admit of measuring their lateral position. 
The two frames of the locomotive require also to be so adjusted that the centre-lines of the axles, 
and also the line connecting the centres of the opposite pedestals, shall be square to the frame. The 
cylinders are then set, their centre-lines being found and marked with a string, which should be 
parallel with the frame and at the required distance from it. If the centre-line of cylinders is to be 
inclined, the angle is measured. The excellence of the machine-tools used at the present ime 
guarantees largely the accuracy of erection. Surfaces can easily be planed square to each other, and 
&e holes drill^ square to the surfaces. 

Setting of the Slide- Valves is accomplished in the following manner: The valve with its stem is placed 
so that the edge of one steam-port is just opened to the steam; a mark is then made on the stem, 
on the outside, and also on the gland, and the distance between the two taken between the points of 
a trammel The valve is then moved far enough just to open with its ed^ the other steam-port, and 
a second mark is made on the stem, equally distant from the mark made on the gland in the first 
case, as kept in the trammel A nuge is then specially made, which gives this distance, and by means 
of which the engine-driver can always ascertain the position of the valves without taking off the 
steam-chest cover. The valves are then connected to the motion, and everything arrang^ in the 
working order, the locomotive being, however, lifted up to admit of easy turning of the wheels. The 
reversing lever is placed in that notch in which the locomotive is expected to do the most of its work. 
The dead centres of the crank are found by turning the wheels until the cross-head is near the end of 
its stroke, and a mark on the guide-bars is made to enable the cross-head to be pot again in the same 
position. A mark on the frame and on the wheel-tire is also made in this position, and the distance 
between these two marks is taken on the trammel The wheel is then turned to pass the dead centre, 
until the cross-head comes back again into the marked position. One point of the trammel is then 
placed in the mark on the frame, and with its other point a second mark on the tire is made. It is 
evident that if the centre of the distance between the two marks on the tire is marked, and the wheel 
is turned until one point of the trammel falls into it, while the other is in the fixed mark of the frame, 
the crank-pin is exactly in one of its dead centres. The crank being in the dead centre, the valve is 
set to give the required lead; then the crank is set in its other dead centre, and the lead measured 
by means of the marks on the valve-stem; and if not correct it is corrected, usually by lengthening 
one of the eccentric rods. The whole distribution of steam in the cylinders can thus l:^ ascertained 
with the utmost exactness. It is important that the setting of valves be tested from time to time, 
and always after disconnecting them. 

In inspecting a locomotive, all bolts, nuts, keys, and pins should be examined to see that they are 
securely fastened, especially on all the moving parts. The springs and their hangers, and the wheels 
and tires, should also be examined, and sounded to discover ruptures. Attention should be given to 
the lubrication. It should be made certain not only that the lubricators are filled, but that the oil or 
grease is flowing on the bearing surfaces. Brakes, whether hand, air, or vacuum, should be tested as 
soon as the locomotive leaves the house. A very complete set of fireman^s and driver’s tools, instru¬ 
ments, etc., should always be on the locomotive or the tender. In the following list the most impor¬ 
tant are named: A coal-shovel, coal-pick, and long-handled hoe and poker; a pair of jacks, either 
screw or hydraulic; chains, rope, and twine, to be used in case of accident; a heavy pinch-l^r for 
moving the engine; a small crow-bar; oil-cans with short and long spouts, and another smaller one 
with spring bottom; a steel and a copper hammer; a cold and a cape chisel; a hand-saw, axe, and 
hatchet; one large and one small monkey-wrench, and a full assortment of solid wrenches for the 
bolts and nuts of the engine; cast-iron plugs for plugging tubes, with a bar for inserting them ; two 
sheet-iron pails or buckets; different-color^ lanterns and flags, according to the colors used for sig¬ 
nals on the line; and a box with a half-dozen torpedoes. Besides these implements, the following 


*&ee Railroad Qatette^ 1ST8, x., 609. 


Digitized by v^ooQle 



LOOMS, CONSTRUCTION AND USE OF. 


351 


duplicate parts should always be on hand, to be used when wanted: Keys, bolts, and nuts for con- 
necting-ro^; split-keys, wedge-bolts, and bolts for oil-cellars of driving and truck boxes; driving 
and truck spring-bangers; wooden blocks for fastening guides in case of accident; blocks for driving- 
boxes and links; a half-dozen {-in. bolts, from 6 in. to 2 ft. long, to be used in case of accident; two 
extra water-gauge glasses ; and two glass head-light chimneys. 

Locomotive Driving. —On starting the locomotive, after a close inspection of all the parts as above 
described has been made, the engine-driver should assure himself that the water in the boiler is at 
its proper height, and that the fire is in a good condition; otherwise it is difficult to keep up the steam. 
To fire a locomotive well is a more difficult matter than is supposed, and requires no small amount of 
intelligence. Steam should be kept as much as possible at uniform pressure. See also that the least 
possible amount of steam is blown off at the safety-valves, for all there escaping is wasted. The 
fireman as well as the driver should know the grades of the road, and should store up the steam 
before entering the grade, by having the boiler well filled with water, and a good fire ready. A light 
fire should be maintained when descending a grade or when a stop is to be made. The heaters should 
not be left idle when stopping, especially in winter, but through them the surplus of steam should 
be used in heating the water in &e tender. The engine-driver should regulate the power, not by 
wire-drawing of steam through the throttle-valve, but by cutting off the admission of steam to the 
cylinders, thus getting all the advantages of expansion and economizing f ueL He should watch care¬ 
fully the height of the water in the toiler, by repeated examinations of the water-gauges, and note 
frequently the working condition of pumps or injectors. He should open the cylinder-cocks when¬ 
ever be has reason to suppose that there is water collected. In a word, while at his post his atten¬ 
tion should be constantly on the alert; for on his courage, skill, and presence of mind the safety of 
the train depends. 

AccidenU lehile on the Road .—Should anything require a quick stopping of the train, the brakes 
should be immediately applied, the engine reversed cautiously, with the cydinder-cocks partly open at 
first, so as to prevent the bursting of cylinders or other parts, and the sand-pipes open to increase 
the adhesion of the wheels so that their reversed motion may the sooner check the speed. Should 
any part of the engine mechanism break, as for instance a cylinder-piston or its rod, connecting-rod^ 
cros^ead, or a part of the valve motion, so that it cannot be made to work, the injured engine must 
be disconnected and its piston secured from moving. The valve must be fastened in its middle posi¬ 
tion, so as to cover both steam-ports of the cylinder, and the locomotive should then be worked with 
<mly one enmne. If one of the coupling-rods is taken off, that of the other side must not be left in 
its place, if a spring or hanger is broken, a wooden block placed between the frame and the axle- 
box is a good temporary rem^y. In case of an injury to a wheel, it must be lifted from the track, 
by placing a block under the axle-box. Should an eccentric slip on the axle, it can be fastened again 
as follows: Disconnect the valve-rod from the rocker, and place the crank at the dead centre as 
nearly as possible; then move the valve into position of the lead, and turn the eccentric on the axle 
until the position is caught in which the valve-rod may be again connected with the rocker, without 
the valve being moved. The bursting of a fire-tube is remedied by plugging it up. There are numer¬ 
ous other common accidents that happen, the remedies for which depend upon circumstances, or upon 
the ingenuity and skill of the engine-driver. T. F. E. 

UXIMS, CONSTRUCTION AND USE OF. Weaving is the art of interlacing threads or other 
fibres in such a manner as to form a continuous fabric. A loom is a mechanical contrivance for 


tocomplishing this. If a piece of plain cloth or calico be ex- 
ammed, it will be found to consist of a number of threads 
placed parallel to each other, which are interlaced alternately 
by a single thread passing from side to side of the cloth, Fig. 
2996. I^is separate thread which runs crosswise the fabric 
is usually called the weft or woof. The lengthwise threads are 
called the warp. The warp-threads are usually much finer 
than the weft-thread, and the fibres are usually spun together 
in a similar manner to a two- or three-stranded cord. The 
wei^thread, on the contrary, is but slightly spun, and consists 
ordinarily of but one strand. By this means the weft is made 
soft and yielding, and is better adapted to fill the interstices 
of the doth; while the warp-thread is made firmer, and not 
only adds more strength to the fabric, but is much better 
suited to undergo the weaving process. In the throwing or 
fpinning of silk (see Silk Machinery) this difference of twist¬ 
ing is expressed by calling the weft-thread “ tram,” and the 



^srp, owing to its excessive twist, is termed “ organzine.” 

The essential portions of all looms are as follows: 1. A 
substantial frame for holding the warp; 2. Means for separating the threads of the warp to admit 
of the passage of the weft, and of so governing the warp-threads as to cause them to interlace with 
the weft in the desired manner; 3. A means of carrying the weft-thread horizontally across and 
between the warp-threads while the latter are suitably opened; 4. A means of forcing or packing 
the weft tightly into the angle formed by the opened warp, and so rendering the fabric tight and 
eonpact. 


It will be observed that in the last three requirements the chief operations of weaving are briefly 
jummed up, namely; the opening of the warp, the passage of the weft, and the beating of the weft 
mto position. Then the warp opens again, an interchange of its threads occurs, and the same opera- 
are repeated. The simplest means of meeting these demands exists in the old hand-loom, 
which is still often used in weaving silk, rag carpets, and various home-made fabrics, and the princi- 
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pal parts of which are common to all looms. In describing the various processes of weaving, such 
mechanism as is essential to them, and only devices found in all weaving apparatus, are detailed. 
Under Looms, Power, are given the various modem forms of loom by which these processes are 
carried out. 

In every loom, between opposite ends of the framework are placed two cylindrical beams, A and 
By Fig. 2897. The beam A is the warp-beamy on which the warp is wound, and B is the cloth-beamy 
upon whieh the cloth is wound as it is woven. The warp-threads are placed parallel to each other, 
and are carried from the warp-beam A and attached to the cloth-beam B, This is done by threading 
the knotted ends of the threads upon a small rod or lath, wedging it into the slot or groove formed 



in the beam B for that purpose, which is shown in section at Zy Fig. 2898. In order to keep the 
threads in their relative position and parallel to each other, two rods are inserted between the warp- 
threads Cy in such a manner that each thread passes over one of the rods and under the other alter¬ 
nately, as shown. Thus a cross or lease is formed by the threads between the two rods, which not 
only keeps the threads in proper order, but enables the weaver to detect with ease the proper posi¬ 
tion of any broken thread he may have to repair. This arrangement of the threads is form^ during 
the process of warping. After the warp has passed the lease it is then passed through the heddleSy as 
shown at £> and By Fig. 2899. The heddles are composed of a number of threads stretched between 
two lathsy Oy Fig. 2897, and they have loops made in the middle of them, or an eye called a mail is 
threaded upon them instead. These loops or eyes are for the purpose of passing the warp-threads 
through. There are two heddles shown, one of which receives every alternate thread of the warp, 
and the other receives the remainder. If either of them be raised, it will also raise the warp-threads 
which have been threaded through the loops or mails of it, and thus make an opening or ahedy as it 
is usually called, for the passage of the shuttle. Heddles are made of various forms, materials, and 
strength, according to the particular fabric or purpose for which they are required. In Fig. 2899 are 
shown two common modes of forming them, one with a loop and the other with an eye or maiL For 
weaving silk warps, the mails are usually made of glass ; but for cotton and other materials, steel or 
brass is generally used. The healds or heddles are made by means of very ingenious machines, 
known as heald-knitting or -making machines. The upper laths of each heddle are connected to 
cords which pass over pulleys as shown, and thus they balance each other. The arrangement of 
laths and heddles is called the loom-hameaa. The lower laths are connected with the treadles My by 
means of which the heddles arc alternately raised and lowered. 

The warp-threads, after they have been threaded through the heddles, are passed through the reed 
Py which is composed of narrow strips of metal or flattened wire. These strips were formerly of 
rcied, and hence the name. The reed is fixed into the lower part of a frame, called the beUteHy 
Fig. 2900, which is suspended from two efudgeon»y and is capable of being moved a short distance 
to and fro, in a line parallel to the warp-threads. At each side of the batten, and about level with 
the bottom of the openinp^ in the reed, are placed two shuttle-boxes, gg. These boxes have a spin¬ 
dle fitted lengthwise over the centre of them, upon which the picker, a kind of hammer, is made to 
slide. The two pickers arc connected together by a slack cord m, to the centre of which the “ pick¬ 
ing-stick ” is attached. Two short ends are connected to the picker-cord to keep it suspended and 
free to work. The boxes are suited to the size of the shuttle, which is driven with considerable 
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rekxaty from ooe box to the other by means of the picking-stick and pickers. It is known as the 
fly-shuttie, and was patented by John Kay in 1733. 2900 shows the batten detached from the 

in which p/> are the pickers, which slide upon the spindles nn, a the shuttle placed in the 
shuttle-box. The pickers are variously made, but principally of hide dressed so as to resemble horn. 

The loom being re^y for the actual operation of weaving, the weaver takes his seat, and places 
the shuttle in one of the boxes, after pushing the picker back to the far end of the box. A short 
length of the weft-thread is allowed to hang out of the eye of the shuttle, so that it may be caught 
on the edge of the warp as the shuttle enters the shed for the first time. He then takes hold of the 
batten by the left hand in the position shown in Fig. 2900, and holds the picking-stick in his right 
hand. The shuttle is shown to be in the right-hand box; in this case the weaver places his right 
foot upon the right treadle, and depresses it, which causes the left treadle to rise, and an opening or 
shed is formed in the warp, as shown. He first pushes the batten backward a few inches, which 
causes the opening in the warp to appear in front of the reed as well as at the back, and thus gives 
room for the shutHe. He next, with a smart jerk of the right hand, throws the shuttle through the 
warp and into the opposite shuttle-box, where it comes into contact with the picker, and drives it to 
the far end of the l^x. Then he draws the batten toward him, which brings with it in front of the 
reed the welt-thread. He then treads upon the left treadle, and at the same time pushes the batten 
backward, which opens the shed ready for throwing the shuttle back to the right-hand box. When 
the shuttle is thrown he again draws the batten toward him, which pushes the weft-thread against 
the last thread, or shute. Thus the operation is continued by repetitions of the three motions neces¬ 
sary to the production of cloth, viz., opening the shed by means of the treadles, throwing the shuttle, 
and beating together the weft-threads by the reed which binds them together compactly and evenly. 

Although the fly-shuttle has been in use since 1733, the old mode of throwing the shuttle by hand 
ii in fluent use, principally among silk-weavers. The fly-shuttle is made straight in form, as 
ibown in Kg. 2901. It is usually m^e of boxwood, and is tipped at each end with smooth steel 
points. There is an oblong hole mortised out of the shuttle for the reception of the weft-bobbin. 
In sUk-weaving this bobbin is called a quill, but is generally made of a small reed about the length 
of a quilkbarrel. The reed still retains the name of quill, although quills are not used now, owing 
io their extra cost. Two small wire springs are attached to the quill, which cause a light friction 
>nd thereby a slight tension of the thread. The weft-thread is made to pass out at the side of the 
sbnttle through an eye made of glass or earthenware, which is fixed there for the purpose. 

The shuttle when thrown by hand is somewhat curved, as shown in Fig. 2902, that form being 
more suitable to follow the motion of the hand. In throwing it, the thumb is placed on the shuttle- 
reoe, while the hand is held open below to catch the shuttle. The batten is drawn toward the 
vearer by the thumb, although it naturally falls toward him by its own gravity, being usually worked 
a little out of the vertical line for that purpose. Sometimes springs are placed to draw the batten 
forward, in which case the weaver with the back of the hand merely pushes the batten backward, 
while the spring gives the blow. 

and T^e-up Motiem .—It has been shown that the ends of the warp-threads are secured 
the clotb-beam by being inserted into a groove. In the hand-loom the beam is held in position 



Vy means of a ratchet-wheel and pawl, and as the cloth is woven it is wound up by a short lever. 
In order to keep the warp-threads of a proper degree of tension, the warp-beara is shown provided 
wifij two weights, or two pairs of weights, one being much heavier than the other, and attached to 
lire same cord, the heaviest weight being hung so as to draw the warp in a contrary direction to the 
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cloth-beam, and thereby cause the tension upon the threads. The rope to which the weights are 
attached is wound around the warp-beam seTeral times to give it sufficient friction. Now, when the 
treadles are depressed and the shed is .opened for the passage of the shuttle, the heavier weight is 
slightly raised and falls again, when the shed is closed. As the cloth is woven, the weight is gradu¬ 
ally drawn upward, and the small counterpoise falls. When this latter touches the ground, it fol¬ 
lows that its rope becomes slackened, and thereby takes the friction off the other rope and allows 
the warp-beam to move, although the tension cau^ by the heavier weight is always acting upon the 
warp. This motion is made in many different forms—sometimes by means of levers, in which case 
the weights can be adjusted to any degree of tension. The tension becomes greater as the warp is 
unwoimd, through the diameter of the beam being lessened, while the weight remains working at the 
same leverage. Thus it requires occasional adjustment in weaving very long warps, where the diameter 
of the warp-beam may become lessened perhaps one-half. This circumstance has given rise to let- 
off motions being continued to equalize the strains. These will be more spedhcally referred to 
under Looms, Power. 

In like manner the take-up motion is effected. In hand-loom weaving, the weaver draws the doth- 
beam round occasionally, after weaving a few inches. In power-loom weaving this becomes a very 
Important matter, and a great variety of motions have been invented to perform it. 

The TempU ,—^In the process of weaving it is found that some cloth has a tendency to draw in or 
become narrow. This effect must be counteracted, otherwise very irregular work will be the result 
The contrivance used for the purpose is called a temple, and has been made in a great variety of 
forms. The device used in the hand-loom is represent^ in Fig. 2903. It consists of two flat pieces 
of wood, adjusted and laced together according to the width of the cloth by a cord as shown. At 
both ends of the temple a number of pin-points are fixed. These points are placed in the two sel¬ 
vages of the cloth, and it is thereby held stretched out and prevent^ from contracting, as it other¬ 
wise would do. As the cloth is woven the temple is moved. In power-loom weaving the temples are 
made to revolve so as to require no refixing as the cloth is woven. 

Plain Weaving. —Each throw of the shuttle is called a “ pick; ” consequently the loom is counted 
in speed by the number of picks '' per minute. The num^r of weft-threads also is named in the 
same way, and is counted as so many picks to the inch. In Fig. 2896 a piece of plain woven cloth 
is represented, as before stated. Fig. 2904 represents the same thing as it would be drawn by the 
designer, and it is generally called “ tabby ” or plain weaving. In arranging the loom, the weaver 
employs another method of drawing the pattern, and in this case he would represent it as shown at 
Fig. 2905, in which A and B represent the two bodies, and 1 and 2 the treadles. The marks placed 
at the intersection of the lines show which of the treadles and heddles are connected together. This 
method becomes a matter of great importance when a number of heddles are used, as will be shown 
hereafter. 

In plain weaving, the first step toward figured or pattern weaving is made by varying the thickness 
of the threads both in the warp and the weft, as may be observed in the borders of some cambric 
handkerchiefs. Different-colored warp- and weft-threads may also be used so as to form stripes, 
checks, or plaids; or material of different kinds, such as silk and wool, may also be used with more 
or less effect. Whatever the difference of the threads may be, the actual mode of weaving them is 
simply plain or tabby weaving. If various kinds of threads are required for the warp, they are 
arranged in the process of warping, and they are afterward entered or placed in the loom accord¬ 
ingly. But the various kinds of weft-threads are inserted by shuttles, each description of thread 
having a separate shuttle. 

When the fly-shuttle was first introduced, it was intended for the use of one shuttle only; but it 
was afterward found that if two or more shuttles could be used on the same principle, it would be 
of great advantage. This was effected about the year 1760 by Robert Kay, the son of the inventor 
of the fly-shuttle, who invented the “ drop-box ” for that purpose. 

The drop-box is usually made for two shuttles only, although by an ingenious contrivance three 
shuttles can be used, or several more, by an extension of the same principle. It will be advisable 
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to describe a three-shuttle drop-box, for it comprises the principles of both the others. Fig. 2906 
shows a front view of a batten fitted with boxes a a. Fig. 2907 is an elevation of one box on a 
large scale, and Fig. 2908 is a section of it at the line B B. The drop-box consists simply of a 
small board upon which are fixed three or more shelves, according to the number of shuttles; and 
as these shelves are lowered to the level of the shuttle-race, or board upon which the shuttle elides, 
BO is the shuttle upon that shelf brought in line with the picker, and may be driven to the corre¬ 
sponding box on the opposite side of the batten, a, a, a represent the drop-box. In Fig. 2906 it 
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win be seen that the bottom shuttle is on a line with the picker d. There are but two pickers, 
which slide horizontally upon spindles, and are driven by means of a stick and cords q q. An addi¬ 
tional cord.A A is provided in order to draw the picker out-of the drop-box after the shuttle has 
been driven; otherwise it would prevent the box -from being raised or lowered when required. In 
Fig. 2907 the dotted lines D D show the position of the picker after it has thrown the shuttle out of 
the box, when the elastic cord A withdraws it clear of the drop-box. It is by this simple and effec¬ 
tive means that two or more shuttles can be used without difficulty. Each shuttle can be thrown 
either once or any number of times, and they may be thrown in any order which may be desired. 

In applying the use of several shuttles to the power-loom, the difficulty to be overcome is far 
greater than would appear at first sight. So long as the speed of the loom is but slow, the task can 
be accomplished in many ways and with success; but to drive such looms at the speed exacted from 
the noodcm power-loom would destroy them in a very short time. As the speed of the loom has 
been increased, the more simply its parts are contriv^, the more capable it becomes of working at 
that speed; but to apply several shuttles to a power-loom, so that each shuttle can be used any de¬ 
sired number of picks, and be immediately changed for another shuttle, necessarily gives rise to a 
considerable amount of complicated motions. To simplify these as much as possible, the box con¬ 
taining the shuttles b applied only to one side of the loom; consequently, when a shuttle is thrown 
through the shed, it is received into a stationary box on the other side, and it most be returned 
before another shuttle can be thrown. To throw the shuttles one pick only cannot be accomplished 
on these looms. 

Fioukxd Wkavino. —There are various methods of arranging the loom for producing figured or 
ornamental fabrics, the principal ones of which maybe classified as follows: 1. The use of bealds in 
any practicable number, in legular or irregular order, as in weaving 
satins, twills, spots, or small figures. 2. By forming the healds into 
groups of two or more divisions, in such a manner that any of the 
divisions may be brought into action, each division having a distinct 
and separate control over the whole of the warp, at the same time 
ench warp-thread to pass through one eye or leash only of the healds, 
aa in diaper-weaving. 3. By passing the warp through two separate 
bnmesses, so that each thread of the warp passes through two eyes, 
both harnesses having a compound control of the warp, as in damask- 
woaring. Tliere are other kinds of weaving, such as gauze, velvet, 
etc.; but they are produced by entirely different processes from the 
above. 

TVilli, —In describing plain weaving it has been shown that half 
the warp-threads are passed through the eyes of one of the hcddles 
and the other half through the eyes of the other hcddle. The result 
of such weaving is threads interlacing each other alternately. In 
twilled or tweeled cloth the threads, instead of being thus disposed, 
intersect at certain regular intervals. Thus, in Fig. 2909, the weft- 
thread a passes under every fourth thread of the warp, in such a 
maimer that after it has passed from side to side of the cloth four 
times it has intersected all the threads of the warp. These intersections, being made in regular and 
conaecutive order, give rise to the diagonal appearance which is known as a ** twill.’* Fig. 2910 
ohows bow this twill is represented on design paper. It will readily he seen that if four hcddles 
are employed, each carrying a separate series of threads, as represented in Fig. 2911, a great variety 
of patterns may be woven. 

In actual work the niunbcr of warp-threads in each inch in width of the cloth may range from 40 
to 400 or 500, or several hundred times more than it would be possible to show in a drawing. Tberc- 
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foc «9 instead of attempting to show several thousands of warp-threads, 16 will be a sufficient num¬ 
ber to illustrate the subject. In the hand-loom the heddles are suspended from four levers called 
tmmbltTt or eoupers^ which work on the top castle of the loom, as its top framing is named. To the 
lower laths or shafts of the heddles weights are attached. To the four treadles four long levers or 
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marches are attached, and from the ends of these marches cords connect them with the tumblers. 
Now, as each of the heddles is attached to or connected indirectly with one of the treadles, it follows 
that on pressing upon any of the treadles the corresponding heddle will be raised, and consequently 
the four threads of the warp will be raised also, and thus a shed will be formed for the passage of 
the shuttle. 

This is clearly shown in Fig. 2911, in which one of the heddles, /f *, is shown raised in the manner 
mentioned. In the same figure the course of the weft-thread W may be traced, and the various 

warp-threads under which it passes may 
be followed to see in which of the hed- 
dles each intersection of the weft-thread 
has been made. Thus the numbers 1, 
2, 8, 4 on the weft-threads correspond 
to the number of the heddle which has 
been used when the weft was inserted. 
The lease or cross is shown at but 
the reed has been omitted in the dia¬ 
gram, in order to avoid unnecessary com¬ 
plexity. Fig. 2912 is a plan of Fig. 2911, 
in which the threads may be more dis¬ 
tinctly seen. It will be noticed that i>, 
Fig. 2911, represents, as it would be 
shown on design paper, the cloth as 
shown at (7, Mg. 2911. A section of 
Fig. 2911 is shown in Fig. 2913. 

It will be seen that it is by raising the 
heddles singly and in consecutive order 
that a twill, such as shown in Figs. 2909 and 2911, may be woven. 

Double-Cloth Weaving. —^There is still another system, perhaps the most important in weaving, to 
be noticed, viz., the method of weaving double cloths. As before stated, it is by this means that the 
manufacturer can not only make thicker and heavier cloths, but he is enabled to use the materials to 
the best advantage. Although the illustrations are confined to the use of four heddles only, the 
principle upon which it depends can be fairly represented. 

Fig. 2914 represents a piece of cloth composed of black and white warp-threads placed alternately. 
At a a the weft-thread is shown to pass under the white and then the black threads alternately. At 
b b all the white threads have disappeared, and the black alone are represented; and if these were 
sufficiently numerous to cover the weft-thread well, the surface of the cloth would appear black. At 
e c all the black threads have disappeared, and the white threads are thrown upon the surface instead. 
Thus a black or white surface can be woven at pleasure. Fig. 2915 shows a section of the cloth, and 
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it will be seen that when the white threads disappeared at b 6, Fig. 2914, they lay unconnected with 
the cloth or floated on the surface; and in the same manner the black threads float at e when the 
white threads are being used. In some kinds of figured weaving these floating threads are cut off, 
as may be noticed in figured shawls ; but in such cases the loss cannot be avoided. 

Now on comparing Fig. 2916 with Fig. 2914, the surfaces of both are alike; but on comparing 
their sections. Figs. 2915 and 2917, a great difference appears. When either the white or black 
threads disappear on one side of the cloth, they are not found floating underneath, but are being 
woven into another cloth; in fact, two separate pieces of cloth connected at the edges, or aelvagee. 
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ire being woven, forming a tube. If a few of the threads were at intervals interwoven from one 
surface to the other, the two cloths would then be bound together, and form one compact piece, and 
the spaces a a, I'ig. 2917, would not exist. Again, an entirely different set of weft-threads may be 
inserted so as to Ml the spaces a a, to which the upper and lower surfaces of the cloth could be at¬ 
tached without the threads passing entirely through the cloth to the other side. Three varieties of 
weft may in this manner be used. The central weft-thread is called the wadding, and cannot be 
obsenred on either surface of the cloth. 

On referring to I'ig. 2909, it will be seen that there are two threads at each edge of the cloth 
which arc intersected alternately, as in plain weaving, by the weft-thread. Only two threads are 
shown, although in practice various numbers are used. If these selvage threads were not inserted, 
the edges of the cloth would be very irregular, if the weft followed the course of the ordinary 
warp-threads. This may be understood by referring to fig. 2911. 

SiTiK-WxAviNo.—As far as the use of four healds only is concerned, the principle upon which 
satins, twills, dgzags, and double cloths are woven has been shown. But as four healds are the 
smallest number that could be used for the purpose, it is necessary to exhibit the use of a greater 
number of healds, and indicate how they may be employed in the weaving of ordinary satins, etc. 

In silk-weaving, as many as 16 leaves and upward arc used in making very rich satins, fig. 2918 
represents the order in which the in¬ 
tersections are made, and fig. 2919 
shows the appearance of the face of a 
16-leared satin when magnified. The 
hdersections only occurring once in 16 
times, the weft-threads, although they 
uiay be of different colors, are scarce¬ 
ly discernible in the face of the cloth. 

The warp-threads, when very numer¬ 
ous and crowded together, naturally 
t^ to cover over the few intersec- 
fioos, and the threads thereby give that 
smooth and unintcrsected appearance 
by which rich satins are distinguished. 

Diirea-WEAViNo.—In this class of 
weaving two or more divisions or sets 

of harness may be used. These are so arranged that any of the sets or divisions when used govern 
sud alter the action of the remaining sets. By this means, very extensive designs may be woven for 
table-dotha, shawls, etc. Fig. 2920 represents a plan of a diaper harness in two divisions only, with 
the warp and a simple diaper pattern woven. 

Dauask-Wkivi.so. —In this class of weaving two separate systems of harness are used in the 
loom, in such a manner that after the warp has been passed through one set, it is passed through 

the second set, each set 

8990. - 
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of harness having an es¬ 
pecial duty to perform, 
although they both op¬ 
erate upon the same 
warp-threads. The first 
harness through which 
the warp passes is for 
the purpose of forming 
the pattern, as it were, 
on a large scale; and 
the purpose of the sec¬ 
ond harness is to break 
up this pattern into de¬ 
tail and complete the 

tteeessary minute intersections. In other words, in the first instance the outline of the pattern is 
formed, and in the next case that outline is woven in detail, so that each thread is intersected or 
woven together, as in twill or satin of any desired description. 

Thx Jacquard Apparatus. —Up to the invention of this device, the loom consisted of a complicated 
of cords, levers, and pulleys, which had to be compactly united or arranged together to produce 
fhc desired pattern or cloth to be woven. Every new design required a fresh arrangement, which 
often entailed a great amount of labor. In 1726 M. Bonchon made use of “ perforated paper pressed 
by a hand-bar against a row of needles or horizontal wires, so as to push forward those that hap- 
P«»d to be opposite the blank spaces, and thus bring loops at the lower extremity of vertical wires 
fat connection with a cone like rack below. This, being depressed by hand, pulled down the 
®<l«cted wires, and with them the tail-cords to which they were connected.” (See “ Report on Paris 
^tbibition,” 1867, by Rev. R, Willis.) This contrivance was improved by Vaucanson in 1746. In 
1796 it was reinvented by Jacquard of Lyons, who adapted it to practical uses. 

The apparatus, which can be attached to almost any kind of loom, is made as follows: A hollow 
prismatic box extending the width of the fabric has each of its sides perforated in the direction of 
length with a number of straight rows of holes, corresponding, as each face is presented to the 
ftbric, accurately to the points of as many rows of metallic bars called needles or spindles. Each 
of th^ needles is pressed toward the box by a spiral spring, and each has passing through a loop 
® its length a lifting-hook, which takes up when lifted its proper thread of the warp. These rows 
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of lifting-books terminate above also in books, and an arrangement of lifting-bars is let down after 
each throw of tbe shuttle, to engage these upper hooks, raise the lifting-hooks, and with them the 
warp-threads. Tbe prismatic box ^ also a reciprocating movement by which at the same moments 
its sides are brought up to the ends of the needles; and it turns to present a new face at each move¬ 
ment. If all the needles enter the holes of the box, all the lifting-hOoks are in position and are 
engaged by the lifting-bars as they descend, and all the warp-threads are raised. But the weaving 
of complicated figures, such as those of carpets, tapestries, or shawls, requires that, through a cer¬ 
tain cycle of movements of the shuttle, new groups of the warp-threads continually shall be elevated. 
To determine, then, the groups of threads that shall be raised, a succession of stiff cards, looped 
together to form an endless chain of any required length, and all of size and form corresponding to 
those of a side of the perforated box, are made to move successively over the box, one lying flat 
upon it at each of its movements. Now, the order and groups of threads raised are simply deter¬ 
mined by perforating these cards beforehand, and in succession, with groups of holes thkt shall 
precisely correspond only to the threads to be lifted for that part of the pattern. When tbe box 
now advances upon the needles, those meeting the unperforated portions of the card are forced back, 
their lifting-rods are moved out of position, and only the threads answering to the needles that enter 
the holes are raised. With the use of this apparatus, it is only necessary further to arrange properly 
the succession of colors to appear in the weft, or in both warp and weft. 

In Figs. 2921 to 2928 the details of construction are exhibited. Fig. 2921 is a front elevation of 
this mechanism, supposed to be let down. Fig. 2922 is a cross-section, shown in its highest position. 
Fig. 2923 is the same section, seen in its lower position. A is the fix^ part of the frame, supposed 



to form a part of the ordinary loom; there are two uprights of wood, with two cross-bars uniting 
them at their upper ends, and leaving an interval xy between them, to place and work the movable 
frame B, vibrating round two fixed points a a, placed laterally opposite each other, in the middle of 
the space zy. Fig. 2921. C is a piece of iron with a peculiar curvature, seen in front. Fig. 2921, 
and in profile, figs. 2922 and 2923. It is fixed on one side upon the upper cross-bar of the frame 
and on the other to the intermediate cross-bar b of the same frame, where it shows an inclined cur¬ 
vilinear space c, terminated below by a semicircle. JD is the box, a square wooden axis, movable 
upon itself round two iron pivots, fixed into its two ends, which axis occupies the bottom of the 
movable frame B, The four faces of this box are pierc^ with round, equal, truly-bored holes. 
Tbe teeth a. Fig. 2926, are stuck into each face, and correspond to holes a. Fig. 2928, made in the 
cards which constitute the endless chain for the healds; so that in the successive application of 
the cards to each face of the box, the holes pierced in one card may always fall opposite to those 
pierced in the other. The right-hand end of the box, of which a section is shown enlarged in 
h^ig. 2924, carries two square plates of sheet iron cf, kept parallel to each other and a little apart 
by four spindles e, passed opposite to the comers. This is a kind of lantern, in whose spindles the 
hooks of the levers /f\ turning round fixed points gg\ beyond the right-hand upright A, catch 
hold, either above or below, at the pleasure of the weaver, according as he merely pulls or lets 
go the cord a, during the vibratory movement of the frame B, £ \s & piece of wo^ shaped like 
a T, the stem of which, prolonged upward, passes freely through the cross-bar 6, and through the 
upper cross-bar of the frame B^ which serve as guides to it. The head of the T-pieoe being applied 
successively against the two spindles e, placed above in a horizontal position, first by its weight, 
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and then bj the spiral spring A, acting from above downward, keeps the box in its position, while 
it permits it to tnm upon itself in two directions. The name prtM is given to the assemblage of 
ill die pieces which compose the movable frame BB, jP is a cross-bar made to move in a vertical 
direction by means of the lever in the notches or grooves t, formed within the fixed uprights A, 
H is B. piece of bent iron, fixed by one of its ends with a nut and screw upon the cross-bar out 



of the rertical plane of the piece C. Its other end carries a friction-roller /, which, working in 
the curvilinear space e of the piece C, forces this, and consequently the frame B^ to recede from 
the perpendicular or to return to it, according as the cross-bar ^ is in the top or bottom of its 
course, as shown in Figs. 2922 and 2928. At /are cheeks of sheet iron attached on each side to the 
cross-bar F^ which serves as a safe to a kind of claw if, composed here of eight small metallic bars, 
seen in section in Figs. 2922 and 2923, and on a larger scale in Fig. 2925. At J are upright skewers of 
iron wire, whose tops, bent down hookwise, naturally place themselves over the little bars K. The 
bottom of these spindles, likewise hooked in the same direction as the upper ones, embraces small 
wooden bars /, whose office is to keep them in their respective places, and to prevent them from 
twirling round, so that the uppermost hooks may be always directed toward the small metallic bars 
open which they impend. To these hooks from below are attached strings, which after having 
cross^ a fixed board m n, pierced with corresponding holes for this purpose, proceed next to be 
tttadied to the threads of the loops destined to lift the warp-threads. The horizontal spindles or 
needles K K are arranged here in eight several rows, so that each spindle corresponds both hori¬ 
zontally and vertically to each of the holes pierced in the four faces of the box 2). There are there¬ 
fore as many of these spindles as there are holes In one of the faces of the box. Fig. 2926 repre- 


2924 . 2925. 



tents one of these horizontal spindles, n is an eyelet through which the corresponding vertical 
skewer passes; o, ano^er elongated eyelet, through which a small fixed spindle passes to serve as a 
guide, but which does not hinder it from moving lengthwise, within the limits of the length of the 
eyelet Small spiral springs p are placed in each hole of the case q Fig. 2926, serving to bring 
bi^k to its primitive position every corresponding needle, as soon as it ceases to press upon it. Fig. 
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2927 represents the plan of the upper row of horizontal needles. Fig. 2928 is a fragment of Use 
endless chain, formed with perforated cards, which are made to circulate or traTel by the rotation of 
the shaft D, In this movement, each of the perforated cards, whose position, form, and number are 

2927. 292a 




determined by the operation of tying up the warp, comes to be applied in succession against the four 
faces of the box, leaving open the corresponding holes, and covering those upon the face of the box 
which have no corresponding holes upon the cai^. 

Now let os suppose that the press B is let down into the vertical position shown in Fig. 2923 ; then 
the card, applied against the left face of the box, leaves at rest or untouched the whole of the hori¬ 
zontal spindles (skewers) whose ends correspond to these holes, but pushes back those which are 
opposite to the unpierced part of the card; thereby the corresponding upright skewers, S, 5, 6, and 
8, for example, pushed out of the perpendicular, unhook themselves from above the bars of the claw, 
and remain in their place when this claw comes to be raised by means of the lever O; and the 
skewers 1, 2, 4, and 7, which have remained hooked on, are raised along with the warp-threads at¬ 
tached to them. Then, by the passage across of a shot of the color, as well as a shot of the common 
weft, and a stroke of the lay after shedding the warp and lowering the press an element or point 
in the pattern is completed. The following card, brought round by a quarter revolution of the box, 
finds all the needles in their, first position, and lifts another series of warp-threads; and thus in suc¬ 
cession for all the other cards, which compose a complete system of a figured pattern. If some warp- 
yarns should happen to break without the weaver observing them, or should he mistake his colored 
shuttle yams, which would so far disfi^re the pattern, he must undo his work. For this purpose be 
makes use of the lower hooked lever f\ the use of which is to make the chain of the card go back¬ 
ward while working the loom as usual, withdrawing at each stroke the shot both of the ground and 
of the figure. The weaver is more subject to make mistakes, as the figured side of the web is down¬ 
ward, and it is only with the aid of a bit of looking-glass that he takes a peep at his work from time 
to time. The upper surface exhibits merely loose threads in different points, according as the pattern 
requires them to lie upon the one side or the other. 

Thus it must be evident that such a number of pasteboards are to be provided and mounted as 
equal the number of throws of the shuttle between the beginning and end of any figure or design 
which is to be woven; the piercing of each pasteboard individually will depend upon the arrange¬ 
ment of the lifting-rods and their connection with the warp, which is acco^ing to the design and 
option of the workman. Great care must be taken that the holes come exactly opposite to the ends 
of the needles; for this purpose two large holes are made at the ends of the pasteboards, which fall 
upon conical points, by which means they are made to register correctly. It will be here seen that, 
according to the length of the figure, so must be the number of pasteboards, which may be readily 
displaced so as to remount and produce the figure in a few minutes, or remove it, or replace it, or 
preserve the figure for future use. The machine, of course, will be understood to consist of many 
sets of the lifting-rods and needles shown in the diajpttm, as will be perceived by observi^ the dis¬ 
position of the holes in the pasteboard ; these holes, in order that they may be accurately distributed, 
are to be pierced from a gauge, so that not the slightest variation shall take place. To form these 
card-slips, an ingenious apparatus is employed, by which the proper steel punches required for the 
piercing of each distinct card are placed in their relative situations preparatory to the operation of 
piercing, and also by its means a card may be punched with any number of holes, at one operation. 

The expense of material and time in preparing the cards for the Jacquard apparatus, which for the 
heaviest work must be of sheet iron, and for all intricate patterns very numerous, has always consti¬ 
tuted the most serious drawback upon the desirableness of that methc^. Thus an elaborate damask 
design has required 4,000 cards and 400 needles, at a cost of about $120 and five weeks* labor of a 
man in setting up ; while a single design has been known to require 20,000 cards, at a cost of $600 
and time equal to a year’s labor of one man. With a view to r^uce these expenditures, M. Bonelli 
constructed the electric loom, in which the cards of the Jacquard apparatus are superseded by 
an endless band of paper covered with tin foil, intended to serve as an electrical conductor. {See 
Electric Loom.) 

In another improvement of the Jacquard loom, a sheet of prepared paper punched with the proper 
apertures is substituted for the cards of the old machine, this paper being in form of a continuous 
band, only three-fourths of an inch wide, so that the weight of the new is to that of the old band as 
but 1 to 11. The arrangement is also such as permits the 400 spiral springs in connection with 
the needles in the old machine to be dispensed with. Thus the wear and tear due to the resistance 
of these is obviated, and fine and light wires are introduced in lieu of the heavy ones previously 
employed. Various additions have also been made to the Jacquard loom by Barlow, Taylor, Martin., 
and others; and an ingenious application of it to the positive-motion loom to adapt the latter for 
weaving corsets will be found described under Looms, Power. 
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Bibbox-Weayino. —^The frames of the most improTed ribbon-looms of the present day are still 
arranged upon the plan of the old Dutch engine or swivel loom. The shuttles are, however, driven 
by the wheel and rack. The chief improvements in the loom have been the application of the Jac¬ 
quard machine, and the employment of several tiers of shuttles for using various colors of weft Figs. 
2929 and 2930 show the method of throwing the shuttles or swivels by means of the rack-and-whecl 
motion. The shuttles a a have a small 
rack inserted, and they are geared in 
the star-wheels «a w. The wheels are 
worked hy the rack and as this 
rack works all the wheels by its alter¬ 
nate motion, the shuttles are thrown 
from side to side of the openings 
through the warp. 

Pile-Wea vino. — This class of 
weaving includes velvets, Brussels carpets, fustians, etc. It consists in the formation of loops on the 
surface of the cloth, and if the loops are cut through they form a brush-like surface to the cloth 
known as velvet. If the loops are left uncut, similar to the loops on Brussels carpets, then it is 
known as terry velvet. The loops may be formed either by means of the warp-threads or the weft- 
threads, and they are called the pile-threads. The richest description of velvet made (with the excep¬ 
tion of Dutch, Genoese, and specially made velvets) is known as “ collar velvet ” for gentlemen*s coats. 
The pile4breads are of silk, but the weft is often of cotton, and velvets so woven are said to have 
cotton backs. Cotton makes the body of the cloth firmer and more suitable for the purpose than 
silk, so that the inferior material is not used on the score of economy alone. 

^ Rg. 2981 represents a section of a velvet-loom, showing all the working parts necessary, but omit- 
^g the framing. W is the ordinary warp-beam supplying the threads for the body of the cloth; P 
is the **pole’’ (corruption of pile) or the pile-beam which contains the pile-threads ; V is the cloth- 
beam, showing that it has made three-quarters of a revolution ; and ^ is a closed box to contain the 
velvet as it is unwound from the beam. At 7 will be seen loops rising from the surface of the cloth, 
and at C the loops are shown cut through at their upper surface. These loops are made by inserting 
thin wires into the shed, which are beaten up with the cloth similar to ordinary weft-threads. One 
of these wires is shown thus woven in the cloth at w , and at ip* another wire is being inserted. Now 
between each insertion of the wires three shoots of weft are thrown into the cloth, and well beaten 
together; otherwise the pile-threads after they were cut would draw out. Fig. 2982 shows a plan 
of Fig. 2931, and the same letters and numbers refer to each. In the plan the wire ip* is shown 
placed Ln the shed of the warp, and will be driven up by the reed R in the same manner as the wire 
w has t>een. When both wires have been firmly l^und into the cloth by the weft-threads, the first 
one is emit out by means of a knife fixed into a frame and called a ** trevet,’* and it is again inserted. 
Thus only two wires are used, and they are cut out alternately by means of the trevet. The instru¬ 
ment is well suited for the purpose, and when it is considered that the wires are inserted from 60 
to 60 times, and upward, 
per inch in length of velvet 
woven, and three times that 
number of weft-threads, it 
will be evident that great 
exactness in the operation 
is necessary, as the slightest 
error or carelessness would 
cut the warp-threads out of 
the loom — a circumstance 
by* no means unknown to 
most velvet-weavers. The 
wires, which are made with 
a fine groove for the point 
of the knife to enter, are 
very truly made, and the 

blade of the trevet must be 2982. 




**18 right as a trevet”— 
hence ^e well-known sim¬ 
ile—or such beautiful work 
as velvet could not be pro¬ 
duced. Figs. 2933 to 2936 
•how the trevet. The knife 
i is fixed into a frame A, 
This frame is hinged to an¬ 
other frame B at the point 
K 60 that the weaver can 



open and sharpen the knife easily. The knife is held firmly by the screw «, and at the back of the 
frame a small adjusting screw e is placed to regulate the distance of the knife from the steel frame 
B against which it is placed. The frame A is of brass, but all the rest is of steel. The indentations 
zxzare for the fingers to fit in, a requisite precaution to insure accurate hold of the instrument. 
The use of the trevet is shown in the enlarged sketch. Fig. 2937, in which the knife-edge is seen 
entering the wire ic. B and C are the bottom portions of the trevet, and rest upon the warp and 
doth as shown. The trevet is held in the right hand, and drawn from left to right. It is pressed 
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against the flat side of the outside wire to\ which forms the guide or fence, and the knife U regu¬ 
lated to fall into the groove of the inside wire to. When upward of 60 insertions of the wires per 
inch are made, an idea of the perfection of workmanship required for the purpose maj be reaU^ 
About six times in length of the pile-threads are used to what are required for the ** back," which, 
of course, arises from the formation of the loops. Much less strain is also put upon the pile-threads 
by the use of smaller weights, as shown at b and 

After leaving the beam the velvet is hung up by means of pin-hooks in the box Hg. 2981, which 
keeps it free from injury. The warp- and pile-threads may be traced in the figures as well as the 
weft. The heddles shown at and work the ground- or warp-threads by raising each half of 
the threads alternately as in plain weaving. The h^dle if* raises the pile-threads at every fourth 
change. Singular as it may appear, when the work is taken from the loom the weaver places it upon 
a table, and by means of a sharp common razor literally shaves or mows the whole surface of the 
pile in order to remove any stray filaments of extra length and to improve the face of the cloth. Fig. 
2938 shows a section of the velvet through the line of warp-threads, in which «s is the weft, ww the 
ground- or warp-thrcads, and pp the pile. Fig. 2987 is a section at the side of the cloth, and the 
letters refer to the same parts. In these figures the actual formation of the cloth is represented, 
excepting that the pile-thr^s are usually made thicker or doubled. 

Brusa^ and other pile earpeta are made upon the same principle as the velvet above described, but 
generally the pile is not cut; consequently round wires are used instead of grooved ones, and they are 
drawn out from the side of the cloth. There are two descriptions of carpets, one in which the pile- 
threads have had the pattern printed upon them previous to weaving, and the other in which the 
threads are used dyed in separate colors. The first kind is known as tapestry carpets, and form a 
comparatively simple and cheap manufacture, when compared to Brussels carpets. Let Fig. 2939 
represent the warp- and pile-threads, with the pattern printed upon the pile-thread. The pile-threads 
are marked pp and the ground-threads w w, these lying between and under the pile-threads. About 
five of these warp- or ground-threads arc used to each strand of the pile, which may be seen in section 
in Fig. 2940. Now when the threads are woven together the pile is contracted to nearly one-third of 
its length in consequence of the loops, and the distorted figure, as printed, becomes of the intended 

2989. 
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proportions. Thus Fig. 2989 becomes, when woven. Fig. 2941. A section of the cloth is shown in 
Fig. 2942, and in all the figures the same letters refer to the same parts. The threads c c do not 
intersect with the weft, but merely lie between the warp-threads to w, and form a bed or ground for 
the pile to rest upon. The wires used are generally six or more in number; for if only two were used 
the loops would scarcely resist the strain of drawing the wire, the greater number causing greater 
firmness to the cloth to resist the strain. 

Brussels carpet is a very different affair. A great variety of threads of different colors are required, 
and they are selected by the action of the Jacquard machine to form the pattern. They are wound 
upon separate bobbins, for each color is used in various lengths. Fig. 2948 represents a section of a 
Brussels carpet. The threads a a are the warp-threads, and a a the weft. Where there was only one 
thread in the tapestry carpet there are five in the Brussels; thus the pile-threads are shown at w «*, 
and fw the various colors are required they are drawn to the surface to form the loops, while four-fifths 
remain in the body of the cloth. The great number of pile-threads, and their being of wool and not 
of hemp, as the warp and weft are, cause the Brussels carpet to be much thicker, the colors brighter, 
and altogether a superior carpet to the less costly tapestry, as the difference in price attests. 

Many kinds of carpets and rugs are woven on the systems above described, but have the pile cut 
as in cut-velvet weaving, such as Axminster and Wilton carpets. 

The foregoing article is abridged from a valuable series of practical papers on weaving in Engi~ 
n^ing^ vols. xvii., xviii., and xix. See also “The History and Principles of Weaving,” Barlow, 
London and New York, 1879. 

LOOMS, POWER. Power-looms may be divided into four classes: 

1. The plain-cloth loom, or plain loom as it is more commonly termed, in which each alternate 
thread of the warp is regularly raised and depressed in succession, while the weft is carried across 
by the shuttle at each such motion of the warp, and in which the warp-thrcads receive their motion 
from a pair of cams on the main shaft of the loom. 

2. The twill looms, in which three or more cams are used, operating successively on a portion of 
the warp, while the weft is thrown in at the motion of each cam, in such a manner as to prodnoe a 
surface marked by diagonal lines, produced by the intersection of the warp and weft. 

3. The multi-harness, tappet, or chain loom, in which a number of harnesses are used, as high in 
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some cases as 40, which harnesses are operated bj moTable tappets, or adjustable projections on a 
wheel or chain, so as to lift them in an irr^ular succession, but in one which is limited by their 
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nnmb<?r. This loom is used for weaTing fancy cassimeres, and other goods which have an irregularly 
hgured surface, sometimes of several colors, but often only of one; and the pattern or figure is also 
regulated by the order in which the warp-threads are drawn through the eyes of the harness. 

4. The Jacquard loom, in which 
each thread of the warp has an 
independent harness or mail of its 
own, and the operation of which is 
fully described under Looms, Con- 

STBCCTION AND UsE OF. 

In connection with all these 
looms, however, may be used the 
double shuttle-box, such as is ap¬ 
plied for weaving checks and 
plaids, or, as in the carpet-loom, 
is extended to carry a number of 
shuttles, holding different colors. 

The essential parts of all pow¬ 
er-looms are the frame, the lathe, 
the shuttle motion, the harness or 
heddle motion, the take-up mo¬ 
tion, the let-off motion, the weft 
or stop motion, the crank and cam 
shafts, the warp and cloth beams, 
the heddles, the reed, the tern 
pies, and the shuttle and shuttle- 
box. 

Power-looms are also classified 
according to the manner in which 
their shuttles are operated, and 
in this respect form three di8tinc*t 
classes; 

1. The picking-stick loom. In 
this loom the shuttle is made from 
apple-wood, jointed at both ends 
tiMl shod with iron points. A slot 
is cut through it running nearly its whole length, in which is a spindle which carries the cop or weft. 

2. The positive-motion loom. In this loom ^e shuttle is drawn through ihe web by the continu- 
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ous contact of its driver. Hence the width of the web and the number of shuttles which it is pos¬ 
sible to carry across simultaneously are unlimited. 

8. The rack-ond-pinion loom. In this loom the shuttle is pushed from one side of the web and 
drawn out at the other, through its engagement with pinions driven by racks at each side of the web. 
The shuttle is made of box-wood, and is shaped like a quarter moon, with an opening of the same 
shape to receive the weft. In length it is three times the width of the web, and hence its use is 
limited to very narrow weaving. The general operation of the rack-and-pinion loom is described 
under “ Ribbon-Weaving** in Loons, Construction and Use of. 

Pickino-Stick Plain Looms. —Fig. 2944 represents a light or fast-running plain loom built by the 
Whitin Machine Works in Whitinsville, Mass. The loom is shown from the rear, and exhibits, 
besides its own especial construction, many of the essential portions common to all looms. At A are 



the side frajnes which form the gable-ends. These are tied together front and back by girta. In 
front is the breast-rail over which the fabric passes, and in rear is the back rail. This last is termed 
the back rail when stationary or the whip-roU when it is movable; it serves to support the web 
between the warp-beam C and the harness (not shown). D is the arch which extends from gable to 
gable, and supports the harness. 

The following are the principal moving parts of this loom; The lay or lathe, supports the shut¬ 
tle in its passage through the web and carries the reed. The lathe is supported by uprights E, 
called the swords, which have a fulcrum in the gable-ends near the floor. The lathe is vibrated by 
the crank-shaft to which it is connected by means of pitmans. Immediately under the crank¬ 
shaft is the cam-shaft B. The cams on this act upon treadles which move the harness. It will be 
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Doted that these shafts are geared together. At each end of the lay are the shuttle-boxes /. These 
receive the shuttle as it is driven from side to side by the picker^staffs K, These staffs rock upon 
shoes at their lower ends, and thus the extremities are given a parallel motion. They are actuated 
throu^ picker-cams secured on the cam-shaft and placed just inside the gable-ends, which act on 
suitable levers. These levers are connected to the picker-staffk by straps, and springs are arranged 
to keep each staff in the extreme end of its shuttle-box when it is not engaged by the picker-cams. 
Inside the shuttle-boxes ** swells ’’ are usually hinged. When the shuttle enters the box, it presses 
these circles outward, and thus moves a projecting rod so that the latter is prevented from acting on 
the belt-shipper. In case the shuttle does not enter its box, this action does not take place, and the 
loom is automatically stopped. 

The loom represented in Fig. 2946 is designed for light goods, print-cloth, etc. The pulleys run 
from 160 to 175 revolutions per minute. The engraving illustrates a 80-inch plain loom built by the 
Mason Machine Works, of Taunton, Mass. This loom is also suited to the weaving of print-cloths. 

Picking-Stick Molii-Harness Looms. — Tlie Crompton Loom^ shown in Fig. 2946, is an excellent 
and irell-known type of the multi-harness loom, intermediate between the plain or twill loom and the 
Jacqoard, in which a definite number of harnesses is used, within the scope of which the pattern 
must be repeated. This is done by the action of the pattern-chain shown at A. This consists of a 
pair of endless chains, connected by rods, on which rods are slipped mbvable rollers as shown, these 
rollers being kept in their proper places by thin collars, which are also slipped on the rods, and fill 
up all the space on them not occupied by the rollers. This chain passes around a carrier-roll 
sboim at which is rotated the length of one link of the chain by a ratchet motion, connected with 
a crank-disk on the main shaft of the loom, at each revolution of the shaft or blow of the lathe; and 
passing between this carrier-roll and the harness-levers the latter, which are pivoted in the centre, 
are vibrated to the right and left by the chain-rollers, according to their intei’position or non-inter- 
position between the carrier-roll and the bearing points of the levers. The cords E pass from the 
top and bottom of these levers to the harnesses C, around the pulleys and thus raise and depress 
th^ harnesses by the lateral motion of the levers. A similar chain passing around the roller G 
operates the levers and by the chain I passing over the roller J raises or lowers the shuttle-box 
A, so as to biing the opening of either box desired level with the race of the lathe. The length or 
“ repeat ” of the pattern is of course governed by the number of links in the chain, which can be 
^ made up ” of any desired length. Twenty-four-bamess frames form the limit which can well be 
applied to a loom of ordinary width of shed; but by applying another set of levers to the other end 
of the loom, with the harness threads of sufficient length to permit of the operation of their frames 
above and l^low the space occupied by the ordinary frames, and placing the harnesses in the loom 
alternately, so that the 
eyes of the long set can 
pass up and down be¬ 
tween the frames of the 
short set, 4S harnesses 
can be operated. 

fig. 2947 represents 
a satinet loom by the 
same maker as the pre¬ 
ceding, which is de¬ 
signed for heavy goods, 
mch as satins, twills, 
jeans, etc. It has four 
boxes at one end, and 
an endless chain governs 
and moves the heddle- 
levers, and can be read¬ 
ily changed to any pat¬ 
tern wi^out the aid of 
cams. The loom is of 
the open-shed type, and 
its sp^ is 120 picks 
per minute 

Silk-Weaving Loom, 

-^A new and very inge¬ 
nious loom has been late¬ 
ly introduced for weav 
ing silk fabrics. In this 
1<^ Fig. 2948, the 
picker-staff A, which re¬ 
ceives its motion from 
the crank-disk car¬ 
ries an eye-pointed needle, which, receiving the weft from the bobbin C, passes it through the open 
shed of the warp, where the loop of weft which is formed by it is caught and held by a selvage 
thread, which is passed through the loop by a shuttle motion similar to that on a sewing machine. 
The advantages claimed for this loom are: much higher speed, from the light weight of the needle 
and weft to be moved at each pick, as compared with any shuttle; less chafing and abrasion of the 
warp, from the very slight opening required for the shed; and the saving of loss of time in changing 
shuttles, the weft being fed from a long cop holding many thousand yards. The harness motion is 
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operated by cams at D, and is of course capable of the variations which can be given to any loom, 
the novelty being in the application of the weft motion. 

The Ltall Positive-Motion Loom, manufactured by Messrs. J. k W. Lyall of New York, is a recent 
and very valuable invention, and is remarkable for the great scope of its usefulness. It is applica¬ 
ble either to the weaving 
of very wide and heavy 
fabrics, such as jute can¬ 
vas for the foundation of 
floor oil-cloths, or of the 
finest and most delicate 
yams. 

The advantages em¬ 
bodied arc : First, the 
abolition of the picking- 
sticks ; second, a positive 
motion to the shuttle 
from any point in its 
course; third, the unlim¬ 
ited width of the fabric 
which may be woven ; 
fourth, the unlimited va¬ 
riety of fabrics which 
may be produced, from 
the finest silk to the heav¬ 
iest carpet, from jute oil¬ 
cloth foundation to ex¬ 
quisite woven embroider¬ 
ies ; fifth, the almost 
total absence of wear, 
through the small mo¬ 
tion of the reed, which 
thus wears but little on 
the warps, through the 
small opening of the 
heddles, which thus offer 
less strain on the same, 
through the absence of 
friction of the shuttle on 
the yams, and the non¬ 
subjection of the weft to 
sudden pull on starting; 
and sixth, the extremely 
small amount of power 
required to operate the 
looms. The shuttle mo¬ 
tion, which is the essential feature of the invention, will be understood by referring to Hg. 2949, 
where the shuttle is shown resting on its carriage o. Motion is given to the carriage and through 
it to the shuttle by means of a stout band u, which passes over grooved pulleys fixed to the 
ends of the lay and communicating with a single large pulley underneath the loom, to which, by 
special mechanism hereafter to be described, the proper movement is imparted. The wheels 2 of 
the carriage arc pivoted to the ends of short horizontal arms; the wheels 3 are simply journaled in 
the carriage. The weight of the latter, therefore, rests on the pivots of wheels 8; and as these 
rest on the tops of wheels 2, it follows that they must receive a counter-motion in the direction of 
the arrows marked on them, exactly equal to the motion of wheels 2, which is likewise equal to the 
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motion of the carriage along the raceway 1. Now suppose a sheet of parallel threads to be stretched 
above this carriage and beneath the shuttle p. The only points where these threads will be in con¬ 
tact with carriage and shuttle are obviously between the wheels 3 of the former and wheels 4 of the 
latter. If we move the carriage so that the wheels 2 revolve to the left, wheels 3 will rotate to the 
right; and supposing the shuttle removed, it is clear that, while the threads are successively raised 
as wheels 3 pass under them, the rotation of said wheels precludes any lateral movement on their 
part. It is easy to sec that the laying of the shuttle in place above the carriage will in no wise affect 
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this result, because the wheels 8 rotate the wheels 4 at precisely the same speed; so that the 
successive threads, for the inappreciable instant of time during which they are between shuttle and 
carriage, sustain no disarrangement from their normal position beyond the very slight elevation, a 
small fraction of an inch, caused by wheels 3. This clearly imposes no strain, while a moment^s 
consideration of the mechanics of the device will show that friction on the threads is practically 
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nothing, being applied at the mere line formed at the place of contact of two rolling bodies, and 
this never twice at the same points considered in horizontal succession from thread to th^read, because 
the sheds are constantly alternating and constantly being moved bodily away as the weaving pro¬ 
gresses. The wheels 5 do not engage with the wheels 4, but roll along the under surface of a beveled 
rail, holding the shuttle down to its work. The shuttle is dovetail in section, and, when in place 
with its carriage, can only be removed by drawing it out at the end of the lay. 

The loom mechanism will be understood from Figs. 2950 and 2951. It is necessary in many 
cases to produce a dwell or period of rest, either in the shuttle or the lay. In the one case the shut¬ 
tle stops sufficiently long at the end of its run to allow of the lay being beaten; in the other, the 
lay delays its beat sufficiently for the shuttle to make its journey. The dwell in the lay is necessary 
in making heavy goods. In all cases it is a great desideratum to have the motion of the shuttle 
swiftest midway in its course, and gentle at the ends; and one way in which this is accomplished is 
shown in Fig. 2950, where is a crank-disk, from which motion is imparted by a connecting-rod B 
to a sliding block in the slotted vibrating arm C. D is a link attached to the sliding block and 
pivoted to the frame. Arm C carries, as shown, the wheel, actuates the shuttle-band, and is itself 
rotated by a rack-and-pinion device, clearly represented. When the crank-disk starts from the posi¬ 
tion exhibited (the shuttle being at the end of the race), the sliding block is at the upper end of the 
slot in arm C. Hence the arm, and consequently the shuttle, is given very slow motion. But as 
one end of the con¬ 
necting-rod is carried 8862. 

up the disk, its other 
causes the sliding 
block to descend to 
the arm, the wheel on 
the outer extremity 
of which, therefore, 
constantly receives an 
accelerate motion, 
which is most rapid 
when the shuttle is 
midway in its course, 
and gradually in the 
same manner decreas¬ 
es until the pick is 
made. The shuttle is 
never returned until 
the lay is got home ; 
so that, no matter 
what the position of 
the shuttle is to the 
race when the loom 
is stopped, on start¬ 
ing again the first 
thing done is to draw 
it out of the way of 
the lay. 

Dwell in the lay, an obvious necessity when the shuttle, in weaving wide fabrics, has to travel a 
very long distance, is obtained by the device represented in Fig. 2951. A is a slotted pulley-wheel, 
in the slot of which is a sliding block, to which is attached the crank of the shaft which 
mparts motion to the lay. The crank-wrist is eccentric to the pulley; and as the latter revolves, 
it moves radially in the slot. Ck)nsequently, when nearest the centre it imparts an extremely slow 
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or no motion to the shaft and a quick movement when it has traveled out toward the circum¬ 
ference. 

Fig. 2952 represents the plain positive-motion loom. In a full-page engraving is shown the wide 
loom exhibited at the Centennial Exposition. This great machine was used for weaving floor-cloth, 
making a fabric 8 yards in width and 40 yards in length in 10 hours, or 820 yards per day. The 
shuttle traveled 31 feet at every run, and moved 85 times per minute. 

Another form of positive-motion loom, Fig. 2953, weaves four webs of seamless bags, crash, cam 
vas, etc., up to 26 inches wide, with one mechanism. There are four shuttles connect by rods in 
the single raceway; and they are caused to travel so that each, in passing to one side or the other, 
fills the place previously occupied by its neighbor. The bottom of the bag is closed in the loom, so 
that as the bags are woven it is merely necessary to cut them apart. The machine travels at the 
rate of about 120 picks per hour. An important advantage of this loom is shown by the fact that 
by actual test it has been found to produce more material in a given time than can four separate 
looms, each making one bag. The reason of this is stated to be that when four looms are used, if 

9958. 


an accident happens to one of them, the entire attention of the operative in charge of the four is 
given to remedying it, and hence the other three looms are allowed to run on unattended, the lack of 
care resulting very probably in other accidents in them. The consequence is that the aggregate 
work of the four looms rarely exceeds the continuous work of two machines. In the four-beam loom 
here represented, when an accident happens, the whole machine stops, and thus no further damage 
can be produced. One girl can attend two of these looms, equal to eight ordinary looms. 

The corset-loom. Fig. 2954, is a combination of the positive-motion power-loom with the Jacquard 
apparatus. Four webs of corset are woven at once, in perfect form, all precisely similar, and yet 
possessing every gore, every gusset, every welt formerly laboriously put in by hand-work. Five cor¬ 
sets per day was the extent of the labor of the German weaver; this wonderful invention makes 84 
in infinitely superior manner In the same time. The Jacquard cards govern the quantity of warp to 
be kept in action, so that, when for instance the parts which fit about the protruding portions of the 
body are to be made, only a certain portion of the warp is kept in play, and through this only the 
weft passes. As the shuttle then docs not pass through the whole warp, but over a portion of it, it 
would necessarily seem that a slack loop of weft, corresponding to that poi-tion in length, would bo 
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left. This is provided for by 
a let-oflf device in the shuttle, 
so that the thread, passing to 
and fro (after leaving the bob¬ 
bin) several times between ex¬ 
tended leaf-springs, is always 
held taut, and thus only the 
exact amount required for the 
pick is allowed to escape. 

The Loom Temple. —An im¬ 
portant accessory to the loom 
is the ** temple,’* which serves 
the purpose of holding the 
cloth extended to the full 
width of the reed during the 
operation of weaving. The 
most common form of it is 
represented in Fig. 2966. A 
pair of temples are used, one 
at each side of the cloth. At 
6 is the roller, made of wood, 
and set with fine steel teeth, 
which revolves in the cup c of 
the temple-bar 1. This bar, 
with its spring 8, plays longi¬ 
tudinally in the stand 2, which 
is bolted to the breast-beam 
of the loom at a. The roll is 
covered by the top c, which 
just clears the point of the 
teeth, and the bar is held on 
the stand by the cap 6. The 
spring 3 holds the temple in 
position, yet permits it to 
yield, so as to avoid fracture .should the shuttle get caught between it and the lathe of the loom. 

Let-off and Take-up Motions. —The “ let-off ” is the device whereby the yam is allowed to unwind 

from the warp-beam at such a rate as shall 
be required by the weaving process. This 
rate depends upon the rate of the picks, the 
sizes of the warp- and weft-threads, and 
the compactness with which the material is 
beaten up by the lay. The “take-up” is 
the winding on to the cloth-beam of the 
completed web, and this proceeds coinci- 
dently with the let-off from the warp-beam. 
Regularity of let-off is secured by making 
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the rate of surface motion of the warp-beam depend upon the tension of the yam; and the rate of 
revolution of the beam to secure equal speed of let-off will become rapid as the bulk of yam dimin¬ 
ishes upon the roller. 

Let-offs may be either positive or 
frictional. In the first case they are 
so made as to let off a given amount of 
yam and no more for each swing of 
the batten. A frictional let-off gives 
off all the yam that the take-up will 
take from it. The take-up may be 
positive, requiring a given amount of 
yam, or it may be conservative, taking 
all t^t the let-off will allow it to have. 

It is obvious that there cannot be both 
a positive let-off and a positive take-up simultaneously, because the weft-thread is never of uniform 
size; and not only would this have to l^ compensated for, but allowance would also have to be made 
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for the shortening of the warp due to its interlacing with the weft. The nearest approach to this is 
the positive take-up and frictional let-off; or there maj be a positive let-off and a conservative take- 
up which maintains a constant pull. The relative advantages of these two systems depend some¬ 
what on the fabric woven; but generally, for fine sheeting especially, a positive let-off is preferred, 
as producing a more uniform fabric. 

An example of a frictional let-off is given in Fig. 2956. The platform A is held against the yam 
by the spring which also is connected to the ends of the pivoted levers C. On the other ex¬ 
tremities of these levers are brake-straps passing over wheels on the ends of the yam-beam. As 
the yarn diminishes in diameter on the beam, the platform A rises. The strain of the spring on 
the levers, and consequently the pressure on the brake-straps, is thus relaxed, and the yam is 
allowed to unwind more rapidly. 

Positive take-ups are generally simply pawl-and-ratchet mechanism, there being two pawls, one to 
hold and the other to push a ratchet-wheel connecting with the cloth-beam by gearing. 

LOUCHETTE. See Drkdoino. 

LUBRICANTS. The table in the article Friction, pag^es 851 and 852, Yol. I., shows the change in 
the coefficient of friction due to the use of different lubricants. A lubricant is supposed to prepuce 

its effect by filling up the depressions and 
spaces between the ridges that exist in all bod¬ 
ies, however smooth, and thus converting the 
friction between rough and unyielding surfaces 
into friction between smoother bodies. In cer¬ 
tain cases, where a bearing is subjected to 
great pressure, it is made to revolve on water 
or oil forced under it by hydraulic pressure. 
Such a bearing, which largely reduces the fric¬ 
tion and wear, is illustrated in the article Pumps 
AND Pumping Engines. 

Many inventors, reasoning from the supposed 
action of lubricants, as explained above, have 
endeavored to apply some solid material which 
shall act in the same manner as a fluid lubri¬ 
cant, rendering the rubbing surfaces smoother 
and less liable to wear. One of the most suc¬ 
cessful materials that have yet been produced is 
metaline, the invention of Dr. Stuart Gwynn. Practical experiments, extending over a number of 
years, seem to show conclusively that there are many places in which this material can be used, 
taking the place of oil completely. Metaline is composed of two or more alloys, usually with an 
amalgam to cement the mass together. The alloys are separately reduced to powder, mixed, pressed 
repeatedly, and abraded after e^ operation; and are finally compressed to the required form under 
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pressures varying from 60 to 100 tons per square inch. Metalinc is ordinarily finished in the form 
of small cylinders, though it is also made in other shapes for special purposes. Fig. 2957 will give 
a good idea of the manner of using metaline in ordinary journal-boxes. A number of holes are 
bored in the box, breaking joints, so that no straight lino can be drawn in any direction without 
intersecting some of the holes; all the holes are then filled with the cylindrical blocks of metaliue, 
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and tbe surface is dressed off smooth. Very small boxes are recessed, and the metaline is forced 
in, precisely as in the case of a babbitted box. Solid blocks of metaline are also used for small end- 
bearings, with sections having the form of Schiele’s curve described under Friction, or of other suit¬ 
able shapes. Metaline bearings have been used with notable success on loose pulleys, and metaline 
has been combined with suitable material to form a self-lubricating packing. 

The value of a lubricant cannot be determined by simple inspection, and it is only by a series of 
careful tests that its relative standing in comparison with other lubricants can be fixed. Numerous 
testing machines have been devised for determining the value of lubricants. A simple one used by 
R. D. Napier, and described in a paper read before the Philosophical Society of Glasgow in 1875, i's 
shown in Fig. 2958. A pulley was fixed on a lathe-mandrel, and covered with a half bush, which 
was loaded equally on each side to any desired extent. When the pulley revolved, the tendency of 
the bush to revolve also was measured by a spring-balance, and tbe coefficient of friction was detcr- 

. p R 

mined by the formula x — ; in which expression W is the weight resting on the pulley, includ¬ 

ing the two loading weights and the half bush; p is the reading of the spring-balance; R is the 
distance from the centre of the mandrel to the point where tbe spring-balance is attached ; and r is 
the radius of the friction-wheel. A summary of the experiments made with this machine is con¬ 
tained in The Engineer for Feb. 26, 1875. 

Fig. 2959 is an elevation of a more delicate instrument used by Hr. Napier. A block con¬ 
nect^ by a chain with the spring-balance, is pressed against the friction-disk by a balanced lever 
C, which is a segment of a roller, and is pivoted on the short arm of a bent lever D 2). The long 
arm of this lever is linked with a lever the latter having a sliding weight L for the purpose of 
varying the pressure of the block A on the friction-disk. 

Many oil-testing machines are fitted with thermometers for indicating the rise of temperature, 
and counters for registering the number of revolutions. An elaborate machine, belonging to the Lake 
Shore and Michigan ^uthem Railroad Company, is illustrated and described in the Railroad Gazette 
for June 15, 1877. The following table gives the results of some tests made with this apparatus: 


To/ue of different LubricantSy aa determined by Testa with Machine on Lake Shore and Michigan Souths 
em Railroad^ under the direction of the Purchasing Agent and Master Car-huUder^ 50 drops of OU 
wed in each Test, continued until the Temperature of Sie Oil had changed from 60® to 200^ F, 


DESCRIPTION OF OIL. 

C<'«t per 

Number of 
TmU made and 

! 

Average Duration 
of Run, in Min- 

Average Number 

, Colt r.er 10,000 
Revolution!, in 

i 


averaged. 

utea. 


Dollar. 

1 C*itnr oil.1 

$1.25 

2 

> 28 

12,946 

.00078 

' Paraffine, 25’. 

1 .28 

6 

24 

11,685 

.00019 

1 Mecca oil. 

Ah 

2 

1 21 

9,982 

.00086 

! Manufactured oil, A. 

.85 

2 

1 19 

9,C53 

.00029 

1 “ “ B . 

.yo 

18 

1 19 

9,894 

.0(M»77 

■ »* c. 

! .2.5 

2 

19 

9,287 

.00021 

1 Natstwt oil . 

1 .^5 

4 

' 17 

6,277 

.00068 

' West Vlr^nla (natural). 

i .2G 

2 

1 18 

7,915 

.00026 

! ^rm.] 

1 Tallow. . 

1.75 

6 

17 

7,912 

.00179 

1 .70 

4 

17 

7.794 

.0(XI78 

1 No. 1 Lard. 

1 .70 

8 

16 

7,877 

.00078 

1 Manufactured, D. 

1 .15 

2 

15 

6,999 

.000*29 

1 “ E. 

.S5 

12 

14 

6,798 

.00101 

** F. 

.20 

2 

' la 

6,121 

.00026 

Weat Virginia (reduced).. 

1 .10 

2 

1 19 

4,770 

.00088 I 

■ Grafton oil (treated). 

1 .20 

2 

1 70 

4 215 

.00088 


Tests of tills character are of course far from complete, since it by no means follows that 
because one oil will make more revolutions than another under a certain pressure, in having its 
temperature elevated a given amount, it is in all respects the best. Perhaps, by changing the pres¬ 
sure or the speed of revolution, the result might be reversed: one oil, after remaining on the jour¬ 
nal for some time, might become thick or decomposed, and lose its value as a lubricant; or the oil 
that seemed the best might contain impurities that would be injurious to the metals with which it 
came in contact. It will be seen, then, that an oil-test, to be complete, involves a variety of steps, 
whidi can only be followed by an expert. Such tests as those detailed in the preceding table, how¬ 
ever, are of considerable value. 

Another very simple test of the relative permanent fluidity of different lubricating oils, an inven¬ 
tion of Mr. Nasmyth’s, consists of a plate of iron 4 inches wide by 6 feet long, on the upper sur¬ 
face of which six equal-sized grooves are planed. This plate is placed in an inclining position, say 
1 inch in 6 feet. The mode of using it is as follows: Suppose we have six varieties of oil to test, 
and we are desirous to know which of them will for the longest time retain its fluidity when in con¬ 
tact with iron and exposed to the action of the air; all we have to do is to pour out simultaneously 
at tbe upper end of each inclined groove an equal quantity of each of the oils under examination. 
This is very conveniently and correctly done by means of a row of small brass tubes. The six oils 
then make a fair start on their race down hill; some get ahead the first day, and some keep ahead 
tbe second and third day, but on the fourth or fifth day the truth begins to come out; the bad oils, 
whatever good progress they have made at the outset, come soon to a standstill by their gradual 
coagulation, while the good oil holds on its course; and at the end of eight or ten days there is no 
doubt left as to which is the best; it speaks for itself, having distanced its competitors by a long 
way. Linseed oil, which makes capital progi'ess the first day, is set fast after having traveled 18 
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inches, while second-class sperm beats first-class sperm by 14 inches in nine days, having traversed 
in that time 5 feet 8 inches down the hill. The following table will show the state of the oil-race 
after a nine days’ run: 

RavJU* of OiUTesi. 


DESCRIPTION OF OIL. 

Pint. 

SaooQid. 

Third. 

Fourth. 

Fifth. 

Sixth. 

SoTcnth. 

Eighth. 

Ninth. 1 


FU 

In. 

Ft. 

In. 

FU 

in. 

FU 

in. 

Fu 

in. 

FU 

in. 

FU 

In. 

FU 

to. 

Fu 

1.. 1 

Rest sperm oil. 

2 

H 

4 

2 

4 


4 

6 

4 


4 

6 

4 

64 

Stat. 



Common sperm oil. 

GsUipoll oil. 

1 

7 

8 

9 ' 

4 

e* 

' 4 

11 

' 6 


6 

4 

' 6 

6! 

5 

74 

^ 5 

6 

0 

loi 

1 

2* 

1 

6 

1 

61 

1 


1 


1 1 

9 

1 

H 



Lard oil. 

0 

101 

0 

lui 

0 

lOf 

0 

lot 

0 

lii 

Stat. ' 





1 1 


Rape oil. 

1 

1 


1 

7 

1 

H 

1 


1 

n 

1 1 

74 

1 

74 

Btat. 

Linseed oil. 

1 


1 

6 

1 

C| 

1 

ii 

1 

ti 

1 


1 » 

64 

8tat. 

1 

_J 




Many interesting particulars relating to tests of lubricants, with descriptions of the principal oil¬ 
testing machines in use to-day, were given by Prof. Thurston in a lecture delivered before the Mas¬ 
ter Car-Builders’ Association, Dec. 20, 1877, a good abstract of which may be found in the Railroad 
OazetU for January, 1878. Figs. 2960 and 2961 are two views of an oil-testing machine patented 

by Prof. Thurston, who describes its construction and operation 
as follows: 

** The machine is fitted for a wide range of pressures, as is 
seen on the index-plate J/JV', on the pendulum H where the 
large figures represent the total pressures on the journal, and 
those opposite the corresponding pressures per square inch. The 
speed of the machine, when the belt is upon the largest pulley 
of the cone <7, should be that which will give the least sp^ of 
rubbing at the surface of the testing journal, which is to be 
usually adopted. The figures on the arc P P', traversed by the 
pointer O, attached to the pendulum, are such that the quotient 
of the reading on the arc P P, by the total pressure read from 
the front of the pendulum at M N, gives the * coefficient of fric¬ 
tion,’ i. e., the proportion of that pressure which measures the 
resistance due to friction. A printed table Is furnished with each 
machine, giving these coefficients for a wide range of pressures 
and arc-readings. 

** To determine the lubricating qualitgy we remove the pendulum 
ffll from testing journal G G\ adjust the machine to run at the 
desired pressure by turning the screw-head AT, projecting from 
the lower end of the pendulum, until the index if, above, shows 
the right pressure, and adjust it to run at the required speed by 
placing the belt on the right pulley, C. We then throw out the 
bearings by means of the two little cams on the head of the 
pendulum If; we next carefully slide the pendulum upon the testing journal G G\ and see that no 
scratching of journal or brasses takes place. Then we oil the journal through the oil-cups or the 
oil-holes, set the machine in motion, running it a moment until the oil is well distributed over the 
journal. Next stop the machine; loosen the nut or the cams which confine the spring, and, when 
it is fairly in contact and bearing on the lower brass with full pres¬ 
sure, turn the brass nut or the cams fairly out in contact, so that the 
spring may not be jammed by their shaking back while working. 

Now, start the machine again and run until the behavior of the oil 
is determined, keeping up a free feed throughout the experiment. 

At intervals of one or more minutes, as may prove most satisfactory, 
observe and record the temperature given by the thermometer Q Q\ 
and the reading indicated on the arc P' of the machine by the point¬ 
er 0, When both readings have ceased to vary, the experiment 
may be terminated. Remove the pendulum, first relieving the pres¬ 
sure of the spring, and clean the journal and brasses with exceed¬ 
ingly great care from every sign of grease; and be especially care¬ 
ful not to leave a particle of lint on either surface, or any grease in 
the oil-cup or oil-passages. A comparison of the results thus ob¬ 
tained with several oils will show their relative values as reducers of 
friction. In each case we record, in tables like the blanks which are 
sent with the machine: 1. The pressure and speed of rubbing at 
each trial; 2. The observed temperature; 8. The readings on the 
arc of the machine; 4. The calculated coefficients of friction. We 
enter at the end of the trial the average and the minimum coeffi¬ 
cients, and the total distance rubbed over by the bearing surfaces. 

“ To detei'mine the liability of the oil to gum^ we allow’ the machine 
to stand with the journal wet with oil, but with none feeding through 
the bearing, for 12 or 24 hours or more, as may be found necessary. 

Then start up and run a few moments until the reading on the arc P P, having fallen to a miaimnin, 
begins to rise again ; then stop at once. Compare the minimum coefficients thus obtained from the 
several oils to be examined; that which gives the smallest figure will be least liable to gum duxing 
the period of time given to the test. 
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** To determine durability^ we proceed as in de¬ 
termining the friction, except that the lubricant 
should not be continuously supplied, but should be 
fed to the bearing, a small and definite portion at a 
time—say a drop for each 2 inches length of jour¬ 
nal. Extreme care should be taken that;each por¬ 
tion actually reaches the journal, and is not lost 
either in the oil-hole or by being wiped off the jour¬ 
nal, and that the portions applied are exactly equal. 
When the friction, as shown by the pointer O, has 
passed a minimum and begins to rise, the machine 
should be carefully watched, and should be stopped 
either at the instant that the friction has reached 
double the minimum, or when the thermometer 
indicates 212^ F.; or else another portion of the 
lubricant should be then applied to the journal. 
This operation should be repeated until the dura¬ 
tion of each trial becomes nearly the same; an 
arerage may then be taken either of the time, of 
the number of revolutions, or of the distance rubbed 
over by the bearing, which average will measure the 
durability of that lubricant. Next, we carefully 
dean the testing journal, and pi'oceed as before 
with the next oil to be tested. In making compari¬ 
sons we always test the standard as well as the 
competing oils on the same journal and under pre¬ 
cisely Uie same conditions. We are compelled to 
be exceedingly careful of the testing journal. A 
scratch will alter the conditions, sometimes, to a 
measurable degree. For nice work, the size of 
drops is very carefully preserved constant. It is 
sometimes weighed on a chemist’s balance. For 
rough work, a dropper, such as is used for medi- 
dne, with careful handling, will do very well I 
have had very good work done by dropping the oil 
from a No. 8 wire, filed smoothly to rather a blunt 
point Dipping it in the oil, the first drops, when 
held vertical, are variable, but after a half minute 
or so they become uniform. We use the drop that 
falls after the expiration of three-quarters of a min¬ 
ute. This wire yields drops of sperm, at that in¬ 
stant, weighing 8 milligrammes. We are always 
careful to see that the testing journal has a little 
end-play in its bearings, and keep it moving during 
the test, to keep the oil distributed.” 

A record of experiments made with this machine 
on the ordinary commercial oils was published in 
the Polyteehnie Review for April, 1877. The sur¬ 
face sp^ed of the journal was about 750 feet per 
minute; tlie pressures varied from 8 to 48 lbs. per 
square inch; the coefficient of friction varied with 
the different oils and pressures from 0.07 to 0.17, 
and the rise of temperature under the same circum¬ 
stances from 106" to 876* F. Prof. Thurston’s ex¬ 
periments are fully detailed in his work on ** Fric¬ 
tion and Lubrication,” New York, 1879. 

Yarioas contrivances have been proposed for in¬ 
dicating an undue rise in the temperature of a bear¬ 
ing. Prof. Mayer has suggested that the shaft be 
covered with a composition that shaU change to 
a bright-red color when a given temperature is 
reached. R. H. B. 

LUBRICATORS. The necessity of keeping the 
working parts of an engine well lubricated must be 
apparent; and automadc lubricators are frequently 
employed, to furnish a constant supply. Oil-cups 
containing wicks which act after the manner of si¬ 
phons are frequently used on the guides and shaft- 
journals, and the same attachments are sometimes 
fitted to crank and cross-head pins. Oil-cups are 
also atta<died to these pins by telescopic pipes, so 
that oil-cups are stationary, and are at the same 
time in constant communication with the moving 
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pins. A very neat and effective system for the continuous lubrication of these pins automatically is 
used on the Porter-Alien engine, and illustrated in Figs. 2962 and 2963. It will be observed that 
the inner end of the connecting-rod carries a projecting tube, which communicates with the cross¬ 
head pin, and which strikes the wick of a stationary oil-cup at each revolution, thus conveying oil to 
the pin. The crank also carries a projecting tube, communicating as shown with the surface of the 

crank-pin, and striking the wick of an oil-cup 
at each revolution of the engine. Although 
but a small supply of oil is taken up by th^ 
tubes at each revolution, the action is continu¬ 
ous, and the pins receive suffident oil to keep 
them always cool. It may be proper to call 
attention to the peculiar form of connecting- 
rod shown in these figures. It will be seen 
that it is flat, so that it can be made compara¬ 
tively narrow, and placed closer to the crank 
than is possible with the ordinary form. The 
cross-head pin, it will be seen, is flattened on 
two sides. The advantage of this mode of con¬ 
struction, which is representative of the best 
practice, is obvious. 

The internal working surfaces of an engine, 
that is, the valves and seats, piston and cylin¬ 
der, also require to be lubricated; and there 
are numerous continuous cylinder lubricators 
in the market, some of them quite complicated 
in structure. It is doubtful, however, if any of 
them are more effective than the simple con¬ 
trivance used on the Porter-AUen engine, and 
illustrated in Fig. 2964. The cup here shown has only to be filled with oil, and the valve regulated 
to give the proper supply, when steam will enter from the chest, condense, and displace the oil, which 
thus finds its way gr^ually into the steam-chest and cylinder. Lubricators of tbi^ general form are 
largely used in Europe, and a general account of their various modifications, with descriptions of 
other forms, will be found in the Transactions of the Society of Engineers” for 1870. R. H. B. 

MACHINE CONSTRUCTION, PRINCIPLES OF. A machine is a combination of resistant bodies 
so arranged that by their means the mechanical forces of nature can be compelled to do work, ac¬ 
companied by certain determinate motions. (For definitions of the term given by nearly all the best 
authDiities on the science of mechanism, see note 7, Reuleaux^s ** Kinematics of Machinery,” New 
York and London, 1876, from which work the following discussion is abridged.) While the science 
of mechanics examines motion caused in the most general cases by the action of mechanical forces, 
machine mechanics occupies itself with certain special cases only, with motions produced by a limited 
circle of means. The study of practical mechanics is divided by Reuleaux into the following parts: 
1. The study of machinery in general, looked at in connection with the work to be performed. 
This teaches what machines exist and how they are constituted. 2. The theory of machines, which 
concerns itself with the nature of the various arrangements by means of which natural forces can 
best be applied to machinery. 8. The study of machine design, the province of which is to teach 
how to give the bodies constituting the machine the capacity to resist alterations of form. 4. The 
study of pure mechanism, or of kinematics, which relates to the arrangements of the machine by 
which the mutual motions of its parts, considered as changes of position, are determined. 

It will readily be apprehended that the larger number of articles in the present work deal wiUi 
machinery with regard to what it accomplishes and how it is actuated, and therefore supply means 
for study under the first and second subdivisions. The third branch is treated briefly under 
Strength ov Materials, and also in the present article. The fourth branch, or the basis on whidi 
all machines rest, is now to be considered. 

KiHemcUic ElernenU .—In order that any moving body (which, for brevity's sake, may be termed 
A) of given form may remain continually in contact with a stationary one (R), we must give the 
latter a special form. This can be found if the body A be caused to take up consecutively a series 
of positions which it is intended to occupy relatively to R, and the figure which envelops all the posi¬ 
tions of outline of the body A be determined. The geometrical form thus found for B is called the 
envelope of A. The relation is therefore reciprocal. We see that at least one other body is neces¬ 
sary for the envelopment of a moving form. If it be found necessary to use several—^perhaps be¬ 
cause the one first found, while actually forming an envelope, does not exclude all motions but the 
one required—^then these can be united with the first into one body. Thus, for instance, we can 
suppose the upper and lower half brasses of a plumber-block joined together. 

We find that in all cases at least two bodies correspond in l^ing reciprocally envelopes each of the 
other. A machine consists solely of bodies which correspond pairwise reciprocally. These form 
the kinematic or mechanismal elements of the machine. The shaft and bearing, screw and nut, are 
examples. 

Ttie Kinematic Chain ,—If a kinematic pair of elements be given, a definite motion can be ob¬ 
tained by means of them if one of the two be held fast or fixed in position. The other element is 
then free to be moved, but only in one particular way allowed by the constitution of the pair. Thus, 
on a fixed screw a nut can only be traversed up and down. A large number of motions can be ob¬ 
tained in this way simply by pairs of elements, and we may multiply indefinitely the motions obtain- 
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able bj single pairs by combination. With different methods of combination different results are 
obtain^, but in every case there results only one pair. Accordingly, the reciprocal combination of 
the elements of two pairs gives us again a pair of elements, which may differ from either of the 
single pairs of which it is composed. {Similarly three or four pairs may be combined and called a 
ch^ or more fully a kinematic chain. 

The body which is formed by the junction of the elements of two different pairs is then a link in 
the kinematic chain. Every link of the chain consists of two elements, so that the chain has as 
many links as it contains pairs. In every chain, every two adjacent lengths have a definite relative 
motion, that namely which belongs to the pair of elements connecting them. But two links which 
tre connected by a third link do not possess reciprocal motions except under certain conditions. 
Such motions can occur only if the chain be so arranged that every alteration in position of a link 
relatire to the one next to it be accompanied by an alteration in the position of every other link 
lelitively to the first. Such a kinematic chain is called a constrained closed (or simply a closed) 

ffhftin. 

In itself a closed chain does not postulate any definite absolute motion. In order to obtain this, 
i similar method must be adopted to the one employed above with pairs of elements: namely, to 
bold fast or fix in position one link of the chain relatively to the portion of surrounding space assumed 
to be stationary. The relative motions of the links then become absolute. A closed kinematic 
chain of which one link is thus made stationary is called a mechanism. Let a chain be composed of 
four pieces pivoted together at the angles. It will be evident that either one of the pieces may be 
held stationary and the others moved in relation to it. Hence, in general, a constrained closed kine¬ 
matic chain can be formed into a mechanism in as many ways as it has links, bloreovcr, an element 
of i new pair can be combined with a closed chain, and the latter be thus further extended. In 
order to obtain at the same time the requisite closure, this extended chain must be brought back 
again in connection with the link at which it started. In this way is produced a compound kinema¬ 
tic chain, in contradistinction to a simple one. 

Closed mechanisms can also again combine, and so unite into higher forms. We may, however, 
class these compound mechanisms with those built up from simple chains. 

We have now before us a general view of the method of construction of mechanisms. The mech¬ 
anism is a closed kinematic chain. The kinematic chain is compound or simple, and consists of 
kioematic pairs of elements. These carry the envelopes required for the motion which the bodies in 
contact must have, and by these all motions other than those desired in the mechanism are pre¬ 
vented. A kinematic mechanism is moved if a mechanical force or effort be applied to one of the 
movable links in such a way as to alter the position. The effort thus applied performs mechanical 
work which is accompanied by determinate motions; the whole is therefore a machine. 

Load .—By the load on any member of a machine is meant the agmgate of all the external forces 
in action upon it. These may be distinguished as (1) the use/ui lo^ or the forces arising out of the 
nseful power transmitted, and (2) the pr^udxdal resistances due to friction, to work uselessly ex¬ 
pended, to weight of members of the machine, to inertia due to changes in velocity of motion, and to 
special stresses caused in the apparatus by changes in its parts through variations of temperature. 

Eadi member of a machine must be capable of sustaining the maximum straining action for that 
part of the machine. If this straining action be different at different times, the member must be 
capable of sustaining the maximum straining action of each kind. There are various straining ac- 
tkms affecting a marine which are either individually so small as to be neglected in computations, 
or whkh cannot be accurately determined. In order to allow for these, and supply a margin of re¬ 
sistances sufficient for all contingencies, it is customary to increase the estimated amount of stress 
due to the forces, which are reckoned by multiplying the aggregate by a/actor o/sa/efy, which is 
determined ^ practical experience in similar cases. 

Kinds of Load. —^There are two kinds of load: first, steady load, which produces a permanent and 
unvarying amount of straining action, and is invariable during the life of the machine—such, for 
example, as its weight; and second, variable or live load, which is alternately imposed and removed, 
and whi^ produces a constantly varying amount of straining action. Every load which acts on a 
structure produces a change of form, which is termed the strain due to the load. The strain may be 
either a vanishing or elastic deformation, that is, one which disappears when the load is removed; 
or a permanent deformation or set, which remains after the load is removed. In general, machine 
parts must be so designed that, under the maximum straining action, there is no sensible permanent 
deformation. 

The strength of materials entering into machine construction is measured by the resistance which 
they oppose to alteration of form, and ultimately to rupture, when subjected to force, pressure, load, 
Btr^ or strain. 

Sttess is applied in five recognized modes: 1. Tensile stress, tending to draw or pull the body 
asunder, the immediate effect of which is elongation; 2. Ck)mpres8ive stress, tending to crush it, the 
hnmediate effect of which is compression; 8. Shearing stress, tending to cut it through, the imme¬ 
diate effect of which is lateral compression, elongation, and deflection; 4. Transverse or lateral 
Btress, tending to bend it and break it across, the force being applied laterally and acting with lever- 
Bge; its immolate effect is lateral deflection; 6. Torsional stress, tending to twist it asunder, the 
force acting with leverage; its immediate is angular deflection. 

Safe Workinff Intensity of Stress .—If the stress corresponding to the elastic limit be divided by the 
fa^or of safety, we get the permissible working intensity of stress, due to those straining actions 
are taken into account in estimating the strength of the structure. Although this is usually 
the greatest safe intensity of stress (or for brevity greatest safe stress), it is, in most case^ 
^CBB than the real intensity of the stresses induced by the actual straining actions. The resistjmee 
oorrtsponding to the greatest safe intensity of stress may be termed the working strength of the piece. 
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UltimcUe Strength .—If the straining action on a bar is gradually increased till the bar breaks, the 
load which produces fracture is called the ultimate or breaking strength of the bar. That ultimate 
strength is for different materials more or less roughly proportional to the elastic strength. We 
may insure the safety of a structure by taking care to multiply the actual straining action by a factor 
sufficiently large to allow, not only for unforeseen contingencies and the neglect causes of strain* 
ing, but also for the difference l^tween the elastic and ultimate stren^h. The actual straining 
action multiplied by this factor, which is still termed a factor of safety, is then equated to the ulti¬ 
mate strength of the structure. The value of the factor of safety must, as in other cases, be deter¬ 
mined by practical experience. 

On the Peculiar Action of Live Loads .—^The researches of Wohler, since repeated by Spangenberg 
(see “The Fatigue of Metals under Repeated Strains,” New York, 1876), show that the safety of a 
structure, subjected to a varying amount of straining action, depends on the range of variation of 
stress to which the structure is subjected, and on the number of repetitions of the change of load. 
It has been hitherto assumed that it depends only on the maximum Intensity of the stress; but this 
must now be considered to be erroneous. Every machine subjected to a constant variation of load 
must be designed to resist a practically infinite number of changes of load. Iq order that it may 
do so, the greatest intensity of stress must be less than for a steady load, and less in some propor¬ 
tion which depends on the amount of variation the stress undergoes in its successive changes. 

A steady load has already been defined as one which remains invariable during the life of the 
structure. Let the intensity of stress required to fracture a given material under a steady load be 
denoted by K, so that K is what is commonly termed the breaking strength of the material. In 
designing a machine part to sustain a steady load, the greatest safe stress is commonly taken at 
about ^ to JT. With a live or variable load, it has bc^ usual to take a higher factor of safety, 
and to restrict the working stress to ^ or ^ iT, or to some other limit, ascertained by practical ex¬ 
perience in special cases. Wohler’s researches show that this is not a scientific way of dealing with 
the question. Suppose that under the action of the live load the stress varira from cr to cr •}»., 
and that the range of variation = A = Cau. — Wai.. In using this expression, if tensile stresses 
are reckoned positive, compressive stresses must be reckoned negative, so that, if the two stipsses 
are of different sign, the range of stress is equal to their sum \a .u. — (— cr = cr + cTbi.,]. 
Let the number of changes of load be indefinitely mat. Then Wohler’s researches show that fra^ 
ture will occur for some value of a nu. less than and so much smaller, the greater the range of 
stress A. Hence, in desimng a structure for such a varying load, the ultimate strength is to be 
taken at some value A: < A, which is to be determined with reference to A. 

For example, Wohler found that a bar was equally safe to resist varying bending and tensile 
straining actions, repeated for an indefinite time, when the maximum and minimum stresses bad the 


following values: 

Por Wrought Iron, Pounds per sq. in. 

In tension only. + 18,713 to + 81 

In tension and compression alternately. + 8,317 to—8,817 

For Cast Steel. Pounds per sq. in. 

In tension only. + 34,307 to + 118,436 

In tension and compression alternately. + 12,476 to — 12,476 


These results are sufficient to show that, as the range of stress increases, the maximum stress 
should be reduced. Unfortunately, Wohler’s experiments, althou^ extensive, do not furnish deci¬ 
sive rules for practical guidance. They afford an explanation of the apparently high factors of 
safety which in certain cases experience has shown to be necessary, but they are not complete enough 
to indicate precisely the factor of safety to be chosen in different cases. Nor indeed could rules be 
obtained, without the most careful comparison of the results of researches of the kind begun by 
Wohler, with the actual stresses found to be safe in practice, in a great variety of cases. 

Let, as before, K be the breaking strength per square inch for a gradually applied load, for any 
given material; k, the breaking strength for a variable load, repeated an indefinitely great number 
of times, and pr^ucing alternately the stresses <r nu. ^i^d a nia. Let A = (r bms. — <r n\u. Then 
Wohler’s experiments appear to suggest a rule of the following kind, as giving the relation between 

k and K: {K* — n A /T), where the + sign is to be taken if A is +, and the — ajgn 

if A is —. This, however, must be regarded at present as an empirical rule only, based on experi¬ 
mental results. The value of n appears to be about 1.6 for iron, and not very different for steel. 

The cases most useful to consider are: 1, when the load changes from a maximum intensity to 
zero, the stress remaining of the same sign; 2, when the load changes from one direction to the 
opposite direction, so as to produce equal stresses of opposite sign. In the former ease A = o* bu. 
= At; in the latter case a = 2 a = 2 A:. By solving the equation above we get: For case 1, 
Ar = ir{v'13 — 8) = .6066 K; for case %k — \K, 

Thus, for instance, wrought iron, with an ultimate strength of 64,000 lbs. per square inch, would 
safely bear, under a steady load, from 27,000 to 18,000 lbs. per square inch. With a load such as 
that in case 1, its ultimate strength would be k = 32,700 lbs. per square inch, and the greatest safe 
load, with the same factors of safety, would be 16,350 to 10,900 lbs., which agrees fairly well with 
experience of structures subjected to tension only. For such a load as that in case 2, the ultimate 
strength would be k — 18,000 lbs., and the greatest safe stress 9,000 to 6,000 lbs. per square iiudi, 
which is not very different from the stress allowed in axles and similar parts subjected to constant 
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•Iteration of the direction of the straining action. (See also *^Iron and Steel Constructions/’ Wey- 
reach, New York, 1876.) 

Straining Action due to Power transmitted ,—When HP horses’ power are transmitted through a 
link or connecting-rod moving with velocity v, in feet per second, the straining force, parallel to the 

660 H P 

axisof the rod, due to the work transmitted, is P =-lbs. There will be in this case other 

’ V 


straining actions, due to the reactions of the supports of the link. If the link is not moving parallel 
to its axis. 

When HP horses’ power are transmitted through a rotating piece, making N revolutions per 
second, the moment of the straining force about the centre of the piece is given by the equation 

„ 660 J5rP HP , ^ 

jf ~~ 1060.4- mch-pounds. 

Among other straining effects are those produced by the acceleration or retardation of a heavy 
body and due to its ipertia, and those due to change of direction of motion. The quantity of work 
exp^ed in deforming a bar (provided the stress does not exceed the elastic limit) is equal to the 
pr^uct of the deformation and the mean load producing it. Thus, if a bar be elongated or deflected 

p 

a feet a force gradually increased from nothing to P, the work done in deformation is a x -- in 

W V* ^ 

foot^wnnds. A heavy body of weight W moving with a velocity V has — • — foot-poimds of 

V 2 

woik stored in it. Hence the relation between the impulsive load and the resistance of the bar, when 


the direction of the impulse coincides with the direction of the deformation, is — F* = ^ Pa. If a 


btr is^wisted, the work done is equal to half the twisting moment multiplied by the angle of torsion. 
The work done in deforming a bar up to the clastic limit is termed the resilience of the bar. 

Works for Reference ,—“Elements of Machine Design,” Unwin, New York, 1876, and “A Manual 
of Rules, Tables, and Data for Mechanical Engineers,” Clark, London and New York, 1877, from both 
of which extracts are embodied in the foregoing. also list of works of reference under MschaNt 
ICS ind Strength or Materials. 

MAGAZINE GUN. See Fire-Arms, Construction or. 

MAGAZINE STOVE. See Stoves and Heating Furnaces. 

MAGNETS. A magnet is a body, consisting usually of iron or steel, which has the property of 
attracting iron and other magnetic bodies, and which also possesses a certain two-endedness (polarity), 
in consequence of which two similar ends (poles) of two magnets if brought within the necessary 
distance repel, and two dissimilar ends (poles) attract each other. Magnets are either natural or 
artifidal. A magnetic body is a substance which has the property of attracting and being attracted 
both ends of a magnet, and which is not repelled by either end. The only bodies which possess 
decided magnetic properties are iron (including steel and some of its compounds) and, in a much 
lower degree, chromium, cobalt, nickel, and manganese. Magnetic bodies do not attract or repel each 
other. 

Natural Magnets. —Hitherto but one substance possessing the properties of a magnet has been 
found in nature. This is the compound commonly called loadstone, consisting of iron and oxygen, 
united in the proportion of three atoms of iron to four of oxygen, and represented chemically by the 
Byinbol Fes O 4 . This oxide has been variously termed magnetic oxide and black oxide of iron. 
It is found largely in nature, forming a very pure ore, from which the best iron is extracted. It 
exists abundantly in Sweden and Norway, where it forms entire mountains, and also in many parts 
of the United States. Its color varies from a reddish brown or black to a deep gray. It is about 
times as heavy as water, and crystallizes in cubes, octohedra, or dodecahedra. This oxide ac- 
quim its power as a magnet from the inductive action of the earth exercised upon it when lying 
in its natural bed as rock or vein. A very small portion of it, however, possesses any marked 
power of attraction as a magnet, its powers in this respect being in general very feeble and almost 
inappreciable. Loadstones possessing any considerable degree of attractive power are very rare. 
Small loadstones usually are more powerful in proportion to their size than larger ones. Occasionally, 
however, small native or natural magnets have been found possessing extraordinary attractive power. 
Sr Isaac Newton Is said to have owned a small natural magnet, weighing about three grains, set and 
mounted in a ring worn by him, which would lift about 260 times its own weight. A native magnet 
presented by the Emperor of China to King John V. of Portugal, which weighed 88 lbs., was capable 
of supporting about five times its own weight, or about 200 lbs. Natural magnets of any size are 
rarely homogeneous, or of uniform structure or power throughout. It therefore often happens that 
a portion of a loadstone cut from a larger one will support a greater weight than the large one itself. 
I^o^dstone possesses the remarkable property of communicating its own powers permanently to 
hardened and tempered steel by the mere act of rubbing, and temporarily to soft iron by contact or 
even mere proximity. 

If a piece of loadstone be rolled in fine iron or steel filings, and then withdrawn, a considerable 
portion of the filings will be found to adhere to the stone, most of them being collect^ at two oppo- 
mte points. These points at which the magnetic force seems to concentrate are called the poles of 
magnet; the line joining the middle of the poles is called the axis^ and the middle line perpen. 
diCTlar to the axis is termed the neutral line. At the true neutral line no filings adhere, but the 
increase in quantity as the poles are approached. Sometimes a loadstone has several poles. 
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Each particle of iron filing attracted becomes itself a magnet temporarily when under the inflaenoe 
of the magnet. This is more clearly shown by allowing the magnet to attract a small piece of iron. 
A second piece of iron will then be attracted by the first, a third by the second, and so on, until the 
weight of all the pieces exceeds the portative force of the loadstone. The usual method of mounting 
natural magnets is shown in Figs. 2966 and 2966. The effective power and usefulness of the load¬ 
stone are greatly increased by the armatures a and 6, Fig. 2965, as will be explained in considering 
artificial magnets. The loadstone should have its polar faces ground flat, and be mounted in the 
armatures, which should be of the shape shown, and be of pure soft iron. Elach armature consists 
of a vertii^ portion of say a quarter of an inch, and a projecting solid foot of about an inch in thick¬ 



ness. The tops of the armatures are bound together by a brass cap A with a ring R for puzposes 
of suspension, and the lower portions by a brass band C D passing just above the feet. The magnet 
may be stren^hened up to a certain point, or its power preserved, by the addition of a soft-iron bar 
A, termed a keepet' or lifter. This is usually supplied with a hook G for lifting weights. The laws 
of magnetism will be explained in another section of this article. 

Artificial Magnets. —^When a piece of steel which has been properly hardened and tempered is 
rubbed with a piece of loadstone or by any other magnet, or when a current of electricity is passed 
around it by means of a coil of insulated wire (see Electro-Magnet), it becomes a more or less pow¬ 
erful artificial magnet. The most usual form of artificial magnet is that of a bar or horse-shoe, as 
shown in Figs. 2967 and 2968. When single they are termed single magnets. When consisting of 
several joined together so that their similar poles are adjacent, they are termed compound magnd*^ 
Figs. 2969 and 2970. The latter are sometimes designated as magnetic hatteriee. A magnetic battery 
is therefore simply a bundle of magnets with their similar poles placed together. 

Mdkode of Making Artificial Magnets .—^Therc are three principal methods, known as the method 
of single touch, separate touch, and double touch. 

By single toucA.—This is most applicable to small magnets. To magnetize by the loadstone, pro¬ 
cure a small bar of steel about 8 inches long, one-fourth of an inch wide, and one-eighth of an inch 
thick, or a piece of common steel wire of about the same length, and from one-eighth to one-fourth 
of an inch in diameter. Let the steel be well hardened and tempered by plunging it at a cheny-red 


2970. 2971. 2972: 



heat into cold water; when cold and polished, apply each extremity in succession to the opposite poles 
of an armed magnet. Fig. 2965, first touching with gentle friction one extremity of the bar, or one of 
the poles, and the opposite extremity on the other pole; or, which is better, draw the bar a 6, Fig. 2971, 
a few times in the direction of its length, across the two poles m n of the magnet My as repre¬ 
sented in the figure, and in such a way as not to pass either extremity a h beyond or off the opposite 
poles m n / finally, bring the bar a 6 so as to rest with its extremities equally distant from each pole m 
n ; that is to say, bring the poles m n at the centre of the bar, or as nearly as may be. In this posi¬ 
tion remove the bar from the poles. The bar will now be found attractive of particles of iron, 
common steel needles, and other ferruginous matter; when suspended it will arrange itself in the 
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direction of the magnetic meridian, and will, in fact, have all the properties of the loadstone, includ¬ 
ing the important property of imparting or exciting a magnetic condition in temi>ered steel 
To magnetize a horse-shoe magnet by means of a compound artificial magnet, place the bar, as 
shown in Fig. 2972, on a flat boairi, with its extremities against a straight piece of soft iron,/)a, of 
the same thickness and width as the bar. Having secured the whole in this position, place a com¬ 
pound mapet if, or an armed native magnet, on the extremity « of the curved bar, taking care that 
the opposite or marked and unmarked ends are in contact with each other. Continue as before to 
glide the magnet Jf several times round the whole series, and in the same direction s c/>, finally stop¬ 
ping in the centre c. Repeat this process on each face of the bar, when a high degree of power will 
have become developed ; so much so, that the iron or keeper/>s cannot be directly pulled away with¬ 
out considerable force, and in some instances cannot be conveniently removed except by sliding it off. 
k order to preserve effectually the magnetism thus excited in bars of steel, it is requisite, when not 
in use, to keep their opposite poles united by means of pieces of soft iron. 

The following is an excellent method of making a powerful magnetic battery: Procure say ten flat 
bars of good steel bent like a horse-shoe; let these be well hardened and fitted with their flat sides 
together so as to form a compound magnet. Each of the members of this bundle may be magnetized 
separately to a small degree by supporting one of the legs on the lower end of a long rod of iron held 
n^y perpendicular in this latitude, and the other leg on the upper end of the same rod; or by rub¬ 
bing one leg with the north pole of a magnetized bar, and the other with the south pole. The several 
shoes or bars being in this way feebly magnetized, eight of them arc joined together with their 
siinilar poles in contact, forming a compound magnet with which the remaining two bars are to be 
magnetized to a higher degree. For this purpose the latter are placed on a table on their flat sides, 
the north pole of the one in contact with the south pole of the other, so as to form a closed circuit; 
on any point of this circuit the compound horse-shoe is placed perpendicular to the plane of the table, 
with its north pole in the direction of the south pole of the bar or shoe on which it rests, and then 
caused to slide in either direction entirely around the circuit, care being taken to retain its perpen- 
diculaiity. After having gone over the surface of the two shoes in this way several times, they are 
turned over without separating their ends, and the process is repeated on the side which was previ¬ 
ously under. By this method the two bars will receive a magnetic power nearly equal to the sum of 
the powers of the eight magnets in the bundle. Next these two bars are placed in the bundle, and 
two others are taken out and subjected to the same process. These in turn are put into the bundle, 
and two others are taken out and rubbed in the same way, until each pair of bars has been gone over 
two or three times in succession. By this method, with the most feeble beginning, the magnetism of 
the several shoes may be developed to their full capacity, and a magnetic battery product of great 
power. 

^ Jfy uparaie touch, —This method, first used by Dr. Knight in 1746, consists in placing the two oppo¬ 
site poles of two magnets MM\ ^g. 2978, of equal force, in the middle of the bar an to be mag¬ 
netized, and moving each of them simultaneously toward the opposite ends of the bar as indicated by 
the arrows. Each magnet is then placed in its original position, and the operation is repeated. After 
seve^ frictions on both faces, the bar is magnetized. Duhamel’s improvement on Knight’s method 
consists in inclining the magnets, and still more in placing the bar to be magnetized on the opposite 
poles of two fixed magnets, the action of which strengthens that of the movable magnets. This 
iMthod produces the most regular mamets, and is best suited for compass-needles. 

Bjf double touch ,—In this method, which was invented by Mitchell, the two magnets are placed with 
Ihrir poles opposite each other in the middle of the bar to be magnetized. But instead of moving 
them in opposite directions toward the two ends, as in the method of separate touch, they are kept at 
a fixed distance by means of a piece of wood placed between them, and are simultaneously moved 
first toward one end, then from this to the other end, repeating this operation several times, and finish¬ 
ing in the middle, taking care that each half of the bar receives the same number of frictions. This 
fflctbod has been improved by supporting the bar to be magnetized, as in the method of separate 
tonch, on the opposite poles of two powerful magnets, and by inclining the bars at an angle of 
15® to 20®. 

Ma^nctiiation bp Actioti of the Earth ,—If a bar of soft iron to be magnetized be suspended in the 
magnetic meridian—that is, so that it shall point in the direction nearly north and south of the com¬ 
pass-needle—and also in the line of dip (about 70® with the horizon), it becomes possessed of a 
weak magnetic polarity, and steel filings will be immediately attracted If, however, the bar be of 
hardened steel, its magnetism will require a few minutes to arrive at its maximum intensity, because 
of its ooerdve forces causing it for a short time to resbt magnetization. If the suspended bar be 
stnick smartly several times in rapid succession, the process of magnetization is quickened and the 
magnetism rendered more permanent. If the bar, being of soft iron, be twisted or bent while in its 
Mate of temporary magnetism, it tends to retain a portion of its magnetism, thus becoming a weak 
pormanent magnet. The magnetization here described is brought about by the inductive action of 
the earth, which is in fact a huge magnet. To the same cause is due the magnetism frequently 
observed in steel and iron instruments, such as fire-irons, lamp-posts, railings, lightning-conductors, 
which remain for some time in a more or less inclined position. They become magnetized with 
their north pole downward, the same as if placed over the pole of a powerful magnet. 

The Jamin Magnet .—The ordinary way of determining the power of a magnet consists in applying 
an armature and measuring the amount of weight which, attached thereto, the magnet will sustain. 
This plan, besides being crude, frequently involves error, since it may easily happen that one 
o^agnet, in reality better than another, will yield to a less weight, while a very slight modification of 
the polar faces often results in very great differences in the total which a magnet is capable of sup¬ 
port!^ M. Jamin’s device for overcoming these difficulties consists simply of a nail suspended by 
a string from the arm of a balance. The nail, presented at various points of a magnetized bar or at 
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corresponding points of several bars, is attracted, and the degree of attraction is noted bj the 
balance, so that it is obviously easy thus to measure the magnetism of different localities, and to 
compare several magnetized plates with each other. If several magnetized bars are superposed, it 
has been found that the attraction (measured at the extremity of the assemblage by means of the n^) 
augments with the number of bars, and then becomes stationary. To illustrate, one bar or plate 
attracts the nail with a certain force, say 750 grains; two plates, superposed, exercise a force of 876 
grains; three, 1,425 grains; four, 1,675; and five, either the same as four, or perhaps 15 grains 
more. The fifth plate, therefore, adds nothing, or nearly nothing, although it has been magnetized 
in the same manner as the others, and when tested singly is as powerful as any one of them. This, 
however, is not all: if the plates be separated and reexamined, it is found that they are less powerful 
than before, and that their union has resulted in loss. They have, in other words, acted upon each 
other unfavorably. M. Jamin has discovered that these facts are not exceptional or fortuitous, but 
absolutely constant and regular; and he has also found a means of preventing this tendency of the 
superposed plates toward mutual deterioration. This means is simply the attaching to the ends of 
the bundle of plates of pieces of soft iron which partake of the magnetism of the extremities. If, 
under these new conditions, the experiment above described be repeated, the fifth plate is found to 
add as much as its predecessors, and the number of plates may be largely augmented before the 
effects noticeable in the former case manifest themselves. Hnally, with a certain number of plates, 
20 for example, the soft-iron pieces become saturated with magnetism, and further additions are of 
no value or are mutually injurious. If, instead of employing bars, thin ribbons of steel be used, 
superposed as above explained, the magnet invented by M. Jamin, and represented in Fig. 2974, is 
obtained. The plates are curved, and the poles, brought near together, are separated by a piece of 
brass to which they are firmly screwed. Perhaps the most important advantage gained by this form 
is the facility with which the magnet may be taken apart and put together, 
t974. or with which the number of plates, and consequently the degree of mag¬ 

netism, may be varied. 

One form of magnet devised by M. Jamin is represented in Fig. 2976. 
The poles are of soft iron, and are applied to the extremities of several 
steel leaves, which are made broad in proportion to their length. Singly 

S975. 




the plates support but very small weights; but when combined with the iron end-pieces, the latter 
absorb the magnetism, rendering the assemblage sufficiently powerful to carry twice or three times 
its own weight A very remarkable peculiarity of this magnet, which is not clearly explained, is 
that neither pole, when tested separately, has any very marked attractive force; but when the arma¬ 
ture is applied simultaneously to both poles, it is very strongly held, and yet the attraction does not 
seem to act over any appreciable distance. It appears, in fact, that the magnetic current must be 
completed before the maximum force is developed. M. Jamin has constructed large magnets, the 
portative force of which equals ten times the weight. (See Scieniifie American^ xxix., 883). 

Laws op Magnetism. —In order to explain the phenomena of magnetism, the existence of the 
hypothetical magnetic fluids has been assumed, each of which acts repulsively on itself, but attracts 
the other fluid. The fluid predominating at the north pole of the magnet is called the rvarth fluid, 
and that at the south pole, the south fluid. The mutual action of the poles is expressed by the law 
that poles of the same name repel and poles of contrary name attract one another. Magnetic attractions 
and repulsions are inversely as the square of the distances. To a certain degree the magnetic 
force which can be imparted to a bar or needle increases with the power of the magnets used. But 
there is a limit to the magnetic force which can be imparted to a bar or needle, and when this is 
attained the bar is said to be saturated or magnetized to saturation. A bar may be magnerized 
beyond this point, but this is not permanent; the roagncti.«(m gradually diminishes until it has sunk 
to the point of saturation. When a steel bar is at the limit of saturation, it gradually loses its mag- 
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netism. To prevent this, armaiurea or keepen are used, these being pieces of soft iron placed in 
contact with the poles. Acted on inductively, they become powerful magnets, possessing opposite 
polarity to that of the inducing pole, and thus react in turn on the permanent magnetism of the 
bars, preserving and even increasing it. The portative force is represented by the weight which a 
magnet can support. Hacker has determined that the portative force of a saturated horse-shoe 
magnet, which has become constant by repeatedly detaching its keeper, may be represented by the 
8 - 

formula P = a y/> 2, in which P is the portative force of the magnet, p the weight of the magnet, 

and a a coefficient which varies with the nature of the steel and the mode of magnetizing. In 
Hiker’s magnets the value of a was 10.83, while in Logemann's it was 28. 

The coercive force of a magnet is that force, agency, or influence, by which in a particular body or 
substance the north and south fluids resist separation, and by which when separated they resist 
recombination. The harder steel is, the greater its coercive force; it receives magnetism with much 
greater difficulty, but retains it more effectually. Compass-needles are usually tempered to a blue, 
or about 482'’ F. Increase of temperature produces a diminution of magnetic force. Small changes 
of temperature, such as those occurring in the atmosphere, do not permanently alter the magnet. If, 
however, the magnet is strongly heated, it does not regain its original force on cooling to its original 
temperature; and when it h^ been heated to redness it is demagnetized. Incandescent iron is not 
attracted by a magnet, thus proving that there is a magiielic limit This for cobalt is beyond white 
heat, for at the highest temperatures hitherto examin^ the metal is still magnetic. The magnetic 
limit of chromium is somewhat below red heat; that of nickel at about 662° F., and of manganese at 
from about 69° to 68° F. 

Magnetic attraction cannot be cut off by any substance interposed as a screen. It is as impossible 
to do this as to cut off the force of gravitation by similar means; and indeed to gravitation mag¬ 
netism has many other points of similarity. Alleged magnetic motors, wherein the influence of 
permanent magnets is governed by interposed material of any kind, no matter how placed, are delu¬ 
sions. Thousands of inventors have wasted time and money in the vain pursuit of this chimerical 
idea. Any so-called magnetic motor is as utterly impracticable as the i)erpetual motion, of which it 
is but a specious form. 

Paramagnetism and Diamagnetism. —It was formerly supposed that magnetism could be developed 
only in iron, nickel, and cobalt; but we now know, from the researches of Faraday, that all bodies 
exhibit signs of an inductive influence, provided the magnetic power applied be sufficiently great. 
From the results of his experiments, Faraday was led to divide all bodies into two great classes. 
Those like iron, nickel, and cobalt, which, on being suspended between the poles of an electro-mag¬ 
net, assume an axial direction, were denominated magnetic bodies, or paramagnetic; while those 
which arrange themselves at right angles to the magnetic meridian were denominated diamagnetic. 
The following series exhibits some of the last results obtained by Faraday on the magnetic and dia¬ 
magnetic powers of bodies, in which the angle of torsion necessary to balance the force of a magnet 
expresses the power of the various substances, volume for volume, + representing the paramag¬ 
netic bodies, and — the diamagnetic: proto-ammoniate of copper, -{-184.28°; oxygen, -{-17.6°; air, 
+ 3.4°; nitrogen,+-0.3°; carbonic acid gas, 0.0°; hydrogen,—0.1°; glass,—18.2°; pure zinc, 
—74.6°; alcohol, —78.7°; wax, —86.73°; nitric acid, —87.96°; -water, 96.6°; sulphuric acid, 
—104.47°; sulphur, —118°; bismuth, —1967.6°. 

Tyndall and Knoblfiuch estahlished the fact that if the molecules of any body are more condensed 
in one direction than in any other, the magnetism wrill act along this direction with greatest inten¬ 
sity. If the substance is paramagnetic, the line of greatest condensation will assume an axial posi¬ 
tion ; if diamagnetic, the same line will come into a state of rest in the equator. This is shown by 
mixing carbonate of iron with gum into a stiff paste, a disk of which, being compressed between the 
fingers so as to give a greater density in one direction, and afterward suspended between the poles 
of a powerful electro-magnet, will settle with its line of greatest condensation in the axial direction. 
If a similar experiment be made with a compound of powdered bismuth and gum, the line of great¬ 
est condensation of this factitious substance will assume an equatorial position. 

AppucinoKS OF MaONETisif.— Testing Iron hy Magnetism. —It has been discovered by Mr. S. M. 
Ssxby, R. N., that magnets arc advantageously u^ for detecting the presence of blow-holes, honey- 
corni^ or otW flaws in iron or steel. When a small compass-needle is slowly passed in front of a 
bar of very good iron, placed in an east and west direction, the needle will not be disturbed from its 
proper position, which is of course at right angles to this, or north and south. But this is true only 
with homogeneous bars of best quality, or bars without any mechanical solutions of continuity. 
With internal flaws or interruptions of continuity, the bar is no longer regularly magnetic. It has 
bmg been known that a good compass-needle or a good permanent magnet must be homogeneous and 
without flaws in order to take and retain its maximum amount of magnetism. Any mechanical 
solution of continuity is accompanied with a polar solution of continuity, and the given bar or mass 
^th flaws—whether permanently magnetized or temporarily so by the inductive action of the earth— 
is no longer a regular magnet, but several different magnets, with the different magnetisms sepa¬ 
rated from each other. The delicately poised needle can thus be made to tell the presence of such 
solutions of continuity. In making tests practically, the bar is placed in the equatorial magnetic 
plane, or east and west. On moving the magnetic needle in a line parallel with the axis of the bar, 
as long as the iron is sound the nc^le remains north and south ; but on the occurrence of a flaw 
the nei^e deviates more and more, until entirely reversed when placed over the imperfect spot. 
(See Scientific American^ xviii., 20.) 

The Mariner's Compass^ made for service at sea. and especially for indicating the direction in which 
^ ship^g bead points, consists of a needle attached to the under side of a circular card or disk, 
ttponthe top of which the cardinal points and their subdivisions are marked. Afieur delis on 
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the north pole of the needle, and the letter S. on the opposite pole. E. and W. are placed, the one 
to be toward the east and the other toward the west when the card, swinging with the needle, comes 
to rest, dividing the circle into quadrants. A diameter is drawn, bisecting each of these, fixing the 
N. £., S. W., N. W., and S. £. points upon the circumference; and the arcs thus obtained are again 
bisected by new diameters, again doubling the number of points; and the process is repeated upon 
the smaller arcs, obtaining in this way 82 points or divisions of the circle, each representing an arc 
of 11° 15'. The points are designated as follows for one quadrant, and on the same plan for the 
rest: N, Nb (by) E, NNE, NEbN, NE, NEbE, ENE, EbN, E. Lesser divisions sailors indicate by 
half and quarter points, thus: E. N. E. ^ E., N. E. ^ N., E. f N., etc. The degrees are also usually 
numbered around the margin of the circular card. An agate (or better a garnet) cap is set in the 
middle of the needle to receive the sharp pivot standing in the middle of the compass-box, upon 
which the needle and card are balanced. This box is of copper or brass, of cylindrical or hemi¬ 
spherical shape, and covered with a glass plate to exclude currents of air and dust. It is supported 
in a ring by two pivots projecting from opposite sides of the box, and this ring is swung by two 
other pivots placed so that the line connecting them is at right angles to that connecting the other 
two. This contrivance, called ** gimbals,*’ is designed to keep the central pivot always vertical in the 
movements of the ship, the box being made heavy at the bottom, so that its centre of gravity is 
considerably below the points of suspension, in which it swings freely. The pivots of the outer ring 
are fixed to a frame or to the inside of a square wooden box, in which the instrument is placed. 
Instead of using gimbals, a cap with a pivot standing in the top of it is sometimes placed upon the 
stationary pivot, and the needle is balanced upon the top of the upper one. On boa^ ship the com¬ 
pass is set in a receptacle called the binnacle, and the direction in which the vessel heads is indicated 
by a distinct vertical mark on the inside of the inner box, close to which the points upon the card 
pass as this swings round. 

Ritchie’s liquid compass is made upon the principle of inclosing the magnetic needle in an air- 
tight metallic case, which, by its buoyancy in the liquid with which the bowl is filled, reduces the 
pressure on the pivot to a few grains. By this means friction is almost entirely prevented, and no 
perceptible wear takes place on the pivot or agate cap for many years. The liquid prevents the 
needle and card from oscillating or from being affected by the rolling of the vessel, but offers no 
resistance to the action of the polar force. 

MALT-KILN. See Kiln. 

MANDREL. See Lathe-Chucks. 

MANOMETER. See Boilers, Steam. 

MARINE ENGINE. See Engines, Steam, Marine. 

MASONRY. Under this heading will be considered: I. Brickwork ; II. Stonework, or masonry 
proper. For building construction in wood, see Carpentry. See also Brick-makino Machinert, 
Concretes and Cements, etc. The following is chiefly abridged from “ Notes on Building Construc¬ 
tion, arranged to meet the requirements of the Syllabus of the Science and Art Department of the 
Committee of Council on Education, South Kensin^n” (London, 1876). 

The following points should be attended to in walls of every description: The whole of the wall¬ 
ing of a building should be carried up simultaneously; no part should be allowed to rise more than 
at^ut 8 ft. above the rest, otherwise the portion first built will settle down and come to its bearing 
before the other is attached to it, and then the settlement which takes place in the newer portion 
will cause a rupture, and cracks will appear in the masonry. If it should be necessary to carry up 
one part of a wall before the other, the end of the portion first built should be “ racked back ”— 
that is, left in steps, each course projecting farther than the one above it. Work should not be 
hurried unless done in cement, but given time to take its bearings gradually. New work built in 
mortar should never be bonded to old, until the former has quite settled down. Then bonds may be 
inserted if required. As a rule, it is better that the new work should butt against the old, either 
with a straight joint visible on the face, or let into a slip-joint, so that the straight joint may not 
show; but if it be necessary to bond them together, the new work should be built in a quick-setting 
cement, and each part of it allowed to harden before being weighted. Even after walls are com¬ 
pleted, they are likely to crack if unequally loaded. The walls of a building should either be per¬ 
fectly vertical or at the required ** batter ” or inclination, and each course should be laid level in 
every direction, except in inclined or ** battering ” walls, when the courses should be at right angles 
to the line of inclination of the wall. 

Bond is an arrangement of bricks or stones placed in juxtaposition, so as to prevent the vertical 
joint between any two bricks or stones falling into a continuous straight line with that between any 

other two. This is called “breaking joint,” and 
when it is not properly carried out—^that is, when 
two or more joints do fall into the same line, as at 
ary. Fig. 2976—they form what is called a straight 
joint. Straight joints split up and weaken the 
part of the wall in which they occur, and should 
therefore be avoided. A go^ bond breaks the 
vertical joints both in the length and thickness 
of the wall, giving the bricks or stones a good 
lap over one another in both directions, so as to 
afford as much bold as possible between the dif¬ 
ferent parts of the wall. A further effect of the 
bond is to distribute the pressure which comes upon each brick over a laige number of bricks below 
it. Thus, in Fig. 2976, there is a proper bond among the bricks forming the face of the wall, and the 
pressure upon the brick A is communicated to every brick within the triangle ABC, A defecUve 
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bond, either in brickwork or masonry, may look very well upon the face, as in this figure, where the 
bricks regularly break joint yertically, but in which there is no bond whatever across the thickness of 
the wall, which it will be seen is reaUy composed of two distinct slices of brickwork, each 4^ in. thick, 
and having no connection with one another except that afforded by the mortar. To avoid this de¬ 
fect, the bricks or stones forming a wall are not all laid in the same direction, as here, but some are 
laid parallel to the length of the wall, and others at right angles to them, so that the length of one 
of the latter overlaps the width of two below it. 

Headers are bri^s or stones whose lengths lie across the thickness of the wall, the ends (or 
** heads ”) of those in thin walla, or in the outside of thick walls, being visible on the face. 

Stretchers are bricks or stones which lie parallel to the length of the wall, those in the exterior of 
the work showing one side in the face of the wall. 

The bricks or stones used for walling or arches should be well wetted before use, not only to 
remove the dust which would prevent the mortar from adhering, but also to prevent the bricks or 
stones from absorbing the moisture from the mortar too quickly. In building upon old or dry work, 
the upper surface should be swept clean and wetted before tbe mortar is spread upon it to form the 
bed for the new work. Brick or stone masonry should never be carried on while frost exists, or when 
it is likely to occur before the mortar is set. If it is necessary to go on with the work at such a 
tiiDe, it must be covered up with straw or boards every night. 

The parts of walls are as follows: Footings are projecting courses formed at the bottom of a 
wall, so as to distribute its weight over a large area. Quoins are the external angles or comers of 
buildings. A coping is a course placed upon tbe top of a wall to prevent wet from entering and 
soaking into the masonry. A comice is a large moulded or ornamental course at the top of a wall, 
ind is of the nature of a coping. The name is applied rather to the upper member of a principal 
wall in a building; whereas a coping generally surmounts a detached or less important wall. A 
Uoeking course is a course of stone pla<^ on the top of a cornice to add to its appearance, and by 
its weight to steady the cornice and prevent its tendency to overbalance. A parapet wall is a low 
wall running along the edge of a roof-gutter or high terrace, to prevent people from falling over. 
A balustrade is a similar constraction, but lightened by being broken into balusters. An eaves course 
is i projecting course formed under the lower edges of the slopes of a roof (tbe eaves), either mere¬ 
ly for ornament, or to support a gutter. The plinth is a projecting base to a wall, intended to give 
an appearance of stability, and thus form an ornament. The string course is a horizontal course, 
genc^ly of stone, carried round a building, chiefly for ornament. In many cases it is necessary to 
pro^ certiun courses of a wall beyond the face, in order to support wall-plates. This is done by 
eoriding or projecting each course beyond the one last laid. 

1. Buckwobk. —In order to obtain good brickwork the following points should be attended to: 
The bricks must be sound and well shaped. The mortar should be of good quality, carefully mixed, 
tnd used stiff. A good bond should be preserved throughout the work, both laterally and trans¬ 
versely. All bed-joints should be perpendicular to the pressure upon them; that is, horizontal in 
vertical walls, radial in arches, and at right angles to the elope of battering walls. In walling, the 
courses must be kept perfectly horizontal, and the arrises plumb. The vertical joints should be 
(firectly over one another; this is technically called ** keeping the perpends ” ; if it is neglected, the 
courses are overrun and “ bats ” become necessary. The joints should all be full of mortar, close, 
well flushed up, and neatly struck or pointed as required. In good brickwork they should not exceed 
three-eighths of an inch in thickness, but with badly-shaped rough bricks the beds of mortar are 
necessarily made thicker, in order to prevent the irregularities of the bricks from bearing upon one 
fnotber and causing fracture. Both bricks and mortar-joints should be of uniform size and quality 
in all parts of the work. Bricks are made of different sizes. The English standard is about 9 in. 
long, 4| in. wide, and 2^ in. thick. The American or Haverstraw standard is 8 in. long, 4 in. wide, 
nnd 2| in. thick. In nearly all cases bricks built in walling are laid upon their sides. 

The thickness of a wall is the distance from one to the other face, and in this country is ex¬ 
pressed in terms of inches of thickness, as a 6-in. wall, 12-in. wall, and so on. The English express 
It in tenns of a brick. 

Different Bonds.—Heading bond consists entirely of headers., As bricks vary in length more than 
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in any other dimension, their ends project unequally on the face, and it is difficult therefore to make 
nett work with this bond, especially in walls one brick in thickness. There is very little londtudi- 
nal strength in the wall, and the pressure on each brick is distributed over a comparatively small area 
(i*ee Rg. 2977). Heading bond is chiefly useful in working round sharp curves, where the angles 
^ stretdjers would project too much uidess cut off, and spoil the curve. When used in this posi- 
the sides of the bricks must be roughly cut, so as to radiate from the centre of the curve. In 
walls of beading bond more than one brick thick, a line of bats or half-bricks must be introduced, 
® sHemate courses, to form the transverse bond. 

^^ehing bond consists entirely of stretchers, and is adapted only for walls half a brick thick. 

bond shows, both on face and back, stretching and heading courses alternately, closers 
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being inserted as shown, and as before described, to give the lap (see Fig. 2978). This is the best 
bond for work genemlly. It gives the most simple combination for longitudinal and transverse 
strength. The number of stretchers is less in proportion as the wall grows thicker, being as follows: 

In a H brick wall the stretchers are one-half the number of the headers. 

“ 2 “ “ one-third “ “ 

“ 2^ “ “ one-fourth “ “ 

“ 3 “ “ one-fifth “ “ 

In English bond there are twice as many vertical joints in a heading as there are in a stretdiing 
course; therefore the vertical joints between the headers must be made thinner than those between 

2979. 2980. 



the stretchers ; for if two headers were laid so as to occupy a greater length than one stretcher, the 
quarter-brick lap obtained by the aid of the closer would be encroached upon, and would soon disap¬ 
pear. Fi^. 2979 to 2982 show the bond used for walls meeting at the endis to form a right angle, 
which is the most common case in practice. If, however, a wall is detached and terminate only"by 

its ends being cut off square, 

-- as shown in these figures, the 

bond has to be slightly modi¬ 
fied, so as to give the ends a 
neat finish. 

Flemvth bond shows in ele¬ 
vation (either on one or both 
faces of the wall, according to 

Section. Elevation qf Flemish Bond, the variety of the bond adopt¬ 

ed), m every course, headers 

and stretchers alternately; every header is immediately over the centre of a stretcher in the course 
below it; closers are inserted in alternate courses next to the comer headers to give the lap. The 
appearance of the face which distinguishes Flemish bond is shown in Fig. 2983. Double Flemish 
bond implies that both the front and the back of the wall are built in Flemish bond, presenting an 
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elevation like Fig. 2983 on both faces of the wall. Single Flemish bond consists of Flemish bond on 
one face of the wall, with English bond on the other. 

Fig. 2984 is old English bond, or block bond; Fig. 2986, Flemish bond; Fig. 2986, cross bond; 
and Fig. 2987, combined cross and block bond. 

English bond is, upon the whole, to be preferred to Flemish bond for strength, as it contains a 
larger proportion of headers. The only advantage claimed for Flemish bond is its appearance, whicdi 
is preferred by many, and has led to its use in brick buildings of a superior class. In 9-inch walls a 
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better face can be shown on both sides by Flemish than by English bond, as the unequal length of 
headers causes a rough face when there are many of them. In walls of brick in thickuess the 
strength is not so much impaired by using Flemish bond as it is in thicker walls. For thick walls 
English bond should be used if possible; but, if Flemish bond is required, it should have a backing 
of English bond, unless it is to ^ow a ikir face on both sides. 

Bricks cut and rubbed to the exact shapes required, in order to get very fine joints, are frequently 
used in the dressings ’’ of brickwork, such as arches, quoins, etc.; this is termed '‘^gauged worh^' 
It is generally set in putty, and the joints do not exceed one-tenth to one-eighth of an inch in thick¬ 
ness. 

Plain or rough brick arches are those in which the bricks are not cut or rubbed so as to form 
TODSsoirs accurately radiating to a centre. The joints are therefore wider at the extrados ” than 
Aey are at the “ intrados.” Such arches are 
used for ordinary brickwork in tunnels and 
concealed work generally. Rough arches of 
small span are generally turned in half-brick 
rings, 4^ in. thick, as shown at A A in Fig. 

29^. In arches of quick curve, with not more 
than 3 or 4 ft. radius, this is absolutely neces¬ 
sary to prevent very large joints at the extra¬ 
dos. Fig. 2988 is the section of portions of 
small arches, of which one, ic tc, is turned in 
9-inch rings consisting of headers. It will be 
seen that the mortar-joints in this are much 
wider at the extrados than those of the por¬ 
tion A A, built in rings half a brick in thick¬ 
ness. Roughrcvt or axed arches have the bricks 
roughly cut with a bricklayer’s axe to a wedge 
form, and are used over openings when the 
work is to be plastered, as relieving arches at the back of window- and door-heads, or as face-arches 
in woric of an inferior description. Gauged arches are built with bricks accurately cut, and rubbed 
down so as to radiate from the centre. They are used chiefiy for external face-arches over openings 
and recesses in superior work. 

IL Masokrt. —Masonry may be classed either as “ashlar” or “rubble.” AsKhr is built from 
large blocks of stone, carefully worked, while rubble is composed of small stones, often irregular in 
shape, and in the roughest description hardly worked at all. Between these two there are many gra¬ 
dations. Different kinds of masonry are sometimes combined. Thus, walls arc built with ashlar 
facing and nibble backing, or even with stone facing and brick backing. 

Masonry requires more skill to build than brickwork. The bricks, being all the same size, are laid 
according to regular rules; whereas with each stone judgment is requir^, in order that it may be 
laid in the best way. The higher the class of work the more regular are the stones, and the more 
easily are they built. As a rule every stone in ordinary walls and arches should be laid upon its 
“natural bed; ” that is to say, the bed upon which it rested when in the quarry should now be per¬ 
pendicular to the principal pressure upon it. When a stratified stone is placed vertically, and so that 
the layers of which it is composed arc parallel to its face, they are apt to be split off in succession 
by the action of the weather. Moreover, a stone in this position has not so much strength to resist 
crashing as it has when placed on its natural bed. In a comice with overhanging or undercut mould- 
mgs, the natural bed should be placed vertically and at right angles to the face; for if placed hori- 
aontally, layers of the overhanging portions will be liable to drop off. There are other exceptions to 
the general rule which occur in more elaborate work; also some dependent upon the nature of the 
itone, the quany, etc. 

Great attention should be paid to the bond in all kinds of masonry. On the face the vertical joints 
riiould break upon every stone, no straight joints being allowed. The bond across the thickness of 
the wall is of still greater importance. Either “ thorough bonds,” extending from one face to the 
other, should be inserted at regular intervals, or “ headers ” should cross each other alternately from 
opposite sides, extending inward about two-thirds the thickness of the wall. Some authorities prefer 
b^ers to thorough bonds in walls more than 8 ft. thick, because the interior of the wall settles down 
rather more than the sides, leaving a hollow, so that a thorough bond-stone would be unsupported in 
the middle, and might be broken. Another reason against long bond-stones is, that there is danger 
of the beds not being evenly worked throughout; in which case the pressure comes upon a few points 
and the stone is liable to break in two. Masons are very apt to build up the sides of a wall sepa¬ 
rately, filling in with small stuff, or even dry packing. The wall thus consists of two thin slabs, 
unit^ only by the thorough bonds. This should never be allowed. The stones should be made to 
cro^ from opposite sides of the wall, and overlap as much as possible, so as to assist the bond-stones 
in giving transverse strength to the wall. The interior of walls of every description should be solidly 
in, every stone being bedded in mortar, and all interstices fiushed up. Thorough bonds should 
always be amply thick enough to carry the weight above them, as, if broken, the fracture forms a dry 
joint, and they become worse than useless. The width of bond-stones may be about Ij^ time their 
height, and the aggregate surface shown by their ends, on each face of the wall, should be from one- 
eqdith to one-quarter of the area of the face. Care should be taken that each bond-stone is of suflS- 
cient sectional area throughout its length. 

Ashlar Masonry is built with blocks of stone very carefully worked, so that the joints pnerally do 
not exceed one-eighth or one-tenth of an inch in thickness. The size of the blocks varies with the 
nature of the stone, and must also be regulated according to the facilities that are available for mov- 
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ing and setting them. The following is Rankine’s rule for the proportion of stones: ** In order that 
the stones may not be liable to be broken across, no stone of a soft material, such as the weaker 
kinds of sandstone and granular limestone, should havp a length greater than 3 times its depth. In 
harder materials the length may be 4 or 6 times the depth. The breadth in soft material may range 
from H tiuic to double the depth; in hard materials it may be 3 times the depth.'* Ashlar is the 
most expensive class of masonry built, and depends for its strength upon the size of the stones, the 
accuracy of the dressing, and the perfection of the bond, but haidly at all upon the quality of the 
mortar. The mortar used for the superior descriptions of ashlar must be very fine, and free from 
grit. The outer portion of the joint, about three-fourths of an inch in from the face, is generally filled 
with putty—either that formed from lime and water, and known as “ plasterer*8 putty,** or in some 
districts glazicr*s white-lead putty is used. The faces of ashlar stones may be polished, worked in 
any way, or left rough; but a drafted margin* is generally run round them to insure accuracy in 
setting and fitting the stones. The joints, though very carefully dressed, should not be too smooth ; 
otherwise their surfaces will afford no key for the mortar, nor offer sufficient resistance to the sliding 
of the stones. It is important, however, that the surfaces of each stone should be “ out of winding,** 
that is, true planes, and that they should be square to one another; and great care must be taken 
that bed-joints are not worked hollow. Where the beds and joints are not carefully worked through¬ 
out, they should be so for at least 6 in. in from the face. 

The lap or bond given to the stones varies, according to the nature of the work, from once to once 
and a half the depth of the course; and it should under no circumstances be allowed to be less than 
from 4 to 6 in., according to the size of the stones. The best bond for ashlar consists of headers 
and stretchers alternately on the same course—an arrangement similar to Flemish bond in brick¬ 
work (see Fig. 2983). In setting ashlar, the stone should first be placed in position dry, to see if 
it will fit. The upper surface of the last course should then be thoroughly cleaned off and wetted ; 
on this a bed of mortar is evenly laid, with a strip of putty about three-fourths of an inch wide along 

the front edge. The block, with its bed-joint well 
cleaned and wetted, is then laid evenly in its place, 
and settled by striking it with a mallet. 

Ashlar walling is described as ** coursed ** or 
“ random.** Coursed ashlar walls consist of blocks 
of the same height throughout each course. This 
is the most usual form in which ashlar is built, 
but it is the most expensive, as great vrastc of 
material and labor is occasioned by reducing all 
the stones to the same height. Fig. 2989 shows 
coursed ashlar walling, with chamfered and rusti¬ 
cated quoins and plinth. Random ashlar walls are 
built with rectangular blocks of all sizes and di¬ 
mensions. This is a cheaper kind of work, as it 
enables a larger proportion of the stone as quar¬ 
ried to be used without waste in reducing to fixed sizes; but it is generally considered inferior in 
appearance to coursed work, and is very seldom adopted. 

Rubble .—There are several kinds of rubble work, each known by a technical name, depending 
upon peculiarities in the arrangement of the stones, or in the work upon them. In common random 
rubble work, uncoursed. Fig. 2990, the beds and joints are not dressed, projecting knobs and 
comers are knocked off with the hammer, and the stones lie together at random, the interstices 
being filled in with small spalls and mortar. No attention is paid to courses, though each stone 
should be approximately horizontal. This is a most inferior description of walling, unless it is exe¬ 
cuted with very good mortar, upon which its strength greatly depeuds. In random rubble built in 
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courses (Fig. 2991), the work is brought to a level throughout its length at about every 12 or 14 in. in 
height, so as to form courses of that depth. The work in each course is built random, and may con¬ 
sist of two, three, or more stones in depth, pinned in with spalls as before described. Squared 
rubble, uncoursed. Fig. 2992, has the joints and the angles of the faces neatly squared with the 
tools locally used. The beds are horizontal, and the side joints vertical. This description of rubble 
is peculiarly adapted for such stones as have a fine cleavage, affording bed-joints which require little 
or no working. Squared nibble built in courses. Fig. 2993, is squared nibble brought to a level 
course throughout its length at every 10 or 14 in. in height; it is sometimes known as “ irregular 
coursed rubble brought up to level courses.** Coursed header work is rubble similar to that shown 


♦ “ Drafted mareina.” or “ draft.'^.'* are narrow strips or borders chiseled round the edges of the faces of a atone to 
enable it to be set with accuracy, and to improve its appearance. 
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in Hg. 2993, except that the headers or bond-stones are each of the full depth of the course in which 
they occur, the intervals between them being filled in with smaller stones. Coursed rubble, or regu¬ 
lar coursed rubble. Fig. 2994, consists of stones laid in courses, every stone in the same course being 
of the same height; the height of the courses may, however, vary from 4 to 8 in. Dry rubble 
is rubble (generally “ random ”) built without any mortar. It is the cheapest form of work, but 
requires considerable skill on the part of the builder. Flint rubble is composed of flints and pebbles 



laid in mortar. It forms a kind of concrete depending upon the mortar for cohesion. Great care 
must be taken to keep it dry and safe from the action of frost. The interior of the wall is some¬ 
times filled in with chalk, broken bricks, pebbles, etc. 

Block in course, or blocked course. Fig. 2995, is a name given to a class of masonry which occupies 
an intermediate place between ashlar and rubble. The stones arc of large size, so that they must be 
procused in blocks, not as rubble; but the beds and joints are only roughly dressed, and so the 
work cannot be described as ashlar. This kind of walling is sometimes known as hammer-dressed 
ashlar.” It is used chiefly in engineering works, and seldom, if ever, for ordinary buildings. 

Cut-Stone or Aehlar Arches .—^In block-stone arches the voussoirs are always cut to a wedge shape. 
The curve of the arch having been set out full size on a board, and the number of stones and thick¬ 
ness of arch having been decided, the intrados is divided into as many parts as there are stones, 
and lines drawn from the centre through these points, till they cut the extrados, give the sides of the 
voussoirs. By the aid of the diagram thus laid out, patterns or templets in wood or zinc arc made 
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for the use of the stone-cutters, who are thus enabled to work the stones to the required forms. In 
setting stone arches, the space to be occupied by each voussoir—not forgetting the thickness of the 
joints—is carefully laid out on the centre, and the position of the stones checked as they are set. 
The stones should be set alternately on each side of the centre, so as to weight it evenly. The key¬ 
stone should be carefully fitted at the last before it is set, and driven gently into its place with a 
few taps of a mallet. When the arch is so long in plan that one stone cannot extend through from 
front to back, the work must be built with a regular bond along the soffit. The voussoirs are kept at 
the same width all through, but of different lengths, so as to break the bond in the length of the arch. 
Rubble arches are built of smaller stones, generally roughly dressed to the wedge shape. They 
should be built in mortar of good quality, as they depend greatly upon its coherence for their strength. 

Joints and Connections .—There are several methods of giving additional strength to the joints of 
niasonry, the most common of which will now be considered. With regard to metal connections, it 
may be said, once for all, that copper and bronze make the best, as they do not oxidize to any great 



extent. If iron is used, it should be well protected from air or moisture, and also painted or galvan¬ 
ised, or it will rust, increase in bulk, and split the stones. All metals arc liable to do the same, 
nwre or less, by their expansion and contraction under heat and cold. Doweled joints are formed 
•ith slightly tapering pins, or “dowels,” which fit into holes made in the stones opposite to one 
another (see Fig. 2996). The dowels may be rectangular, square, or circular in section, and formed 
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of hard stone, slate, or metoL Joggled joints arc similar to doweled joints, except that the joggle or 
projection is a part of the stone, instead of being detached like the dowel. In grooved and tongued 
joints, a prolonged joggle or tongue is worked upon one stone, and fits into a groove in the other. 

A similar joint is used in joinery. Metal cramps are generally placed in a channel cut in the upper 
surface of two stones, having sinkings at the ends, into which the turned-down extremities of the 
cramp may fit. The channel should be deep enough to conceal the cramp, and is filled in with lead 
or cement to protect the latter from oxidation (see Fig. 2997). (Sec Stose-cuttino Machinery, and 
Stone-Cutters* Tools.) 

MASS. Sec Dynamics. 

MEASURING AND WINDING MACHINE. See Cloth-finishino Machinery. 

MECHANICS is that branch of natural philosophy or physics which treats of the action of forces 
on bodies. It is commonly considered under the subdivisions of Statics, Dynamics, Hydrostatics, 
and Hydrodynamics, which see. The following references include the principal encyclopsedias, 
treatises, etc., on both the theory and application of the science: 

Works for Reference on Mechanics. — EncydoptBdica, —^English: **A Dictionary of Arts and 
Sciences,** Gregory, London, 1806; “ Universal Technological Dictionary,** Crabb, London, 1828; “A 
Dictionary of Mechanical Science, Arts,** eta, Jamieson, London, 1827; “Lardnei^s Cabinet Cyclo¬ 
paedia’* (volumes on useful arts), Lardncr, London, 1882; Encyclopa^ia of Engineering,** Cresy, 
London, 1847; ** Engineers and Mechanic’s Cyclopaedia,** Hebert, London, 1848; ** Dictionary of 
Terms of Art,** Weale, London, 1849-*50; “A Dictionary of Arts, Manufactures, and Mines,** Ure, 
London and New York, 1863 (supplements have been issued, lost date 1878); “Cyclopaedia of Use¬ 
ful Arts,** Tomlinson, London, 1868; “Cyclopaedia of Machine and Hand Tools,** Rankine, London 
and New York, 1869; “ Dictionary of Engineering,” Spon, London, 1874 (supplement, 1879). French: 

“ Dictionnaire des D6couvertes cn France de 1789 k la fin de 1820,** Paris, 1822; “ Dictionnaire Tech- 
nologique,” Paris, 1822; “Dictionnaire de I’lndustrie, Manufacture,” etc., Paris, 1888; “Secrets 
Modemes des Arts et Metiers,” Pelouze, Paris, 1862; “ Dictionnaire Universelle des Sciences,” eta, 
Bouillet, Paris, 1869. German: “Technologische Encyclopadie,” Prechtl, Stuttgart, 1880; “Biblio¬ 
theca Mechanico-Technologica,” Engelmann, Leipsic, 1844; “Allgemeine Encyclopadie fur Kauf- 
leute, Fabrikanten,” etc., Hoffmann, Leipsic, 1868. American: “ Appletons* Dictionary of Mechan¬ 
ics,” Byrne, New York, 1850 (revised, 1869); “ELnight’s American Mechanical Dictionary,” Kni ght, 
New York, 1875. 

Theoretical Mechanics. 

Work9 dating prior to present ctniurg. —“Aristotelis Mcchanica,” edition Paris, 1699; Kepler’s 
works (earliest date, 1602), edition Frankfort, 1858-1870; “Discorsi e Dimonstrazioni Matematiche,” 
Galileo Galilei, Leida (original edition), 1638; “ Philosophias Naturalls Prindpia Mathematica,” 
Newton, London, 1687 (best edition, “Jesuits*,” Geneva, 1789-42; reprinted, Glasgow, 1822); 
“Opera Varia,” Huyghens, Leyden, 1724; “Opera Reliqua,” Huyghens, Amsterdam, 1728; “Trait4 
des Forces Mouvantes,” De Camus, 1722; “Forze Vive e Forze Morte,” Riccati, Bologna, 1749; 
“Trait6 ^il4mentaire de M4canique,” Bossut, Paris, 1776; “Institutions Physico-m^caniques,” An¬ 
toni, Paris, 1777; “^16ments de M6canique,** Jantet, Paris, 1786; “ Mechanik,” Krafts, Dresden, 
1787; “Theoria Motus Corporum,” Euler, Leipsic, 1790; “Analytische Mechanik,” Murhard, Got¬ 
tingen, 1797. 

Modern Works, —1. Elementary Mechanics. —English: Whewell, London, 1838; Young, 1842; 
Carpenter, 1844; Potter, 1846; Moseley, 1847; Hann, 1848; Bayma, 1866. American: Renwick, 
Philadelphia, 1803; Smith, New York, 1849; Peck, New York, 1873; Nystrom, Philadelphia, 1875; 
Wood, New York, 1877. French: Francoeur, Paris, 1807 (Statics); Gamier, 1811; Boiicharlat, 
1827; Noel, Luxemburg, 1833; Bresson, Paris, 1842; Poinsot, 1848; Resal, 1873. Italian: Ven- 
turoli, Milan, 1817. 

2. Advanced and Analytical Mechanics. —^English: Gregory, London, 1816; “System of Mechan¬ 
ical Philosophy,” Robison, Edinburgh, 1822; “On Statics, Dynamics,” eta, Earashaw, Cambridge, 
1842; “Mathematical Principles of Mechanical Philosophy,” Pratt, Cambridge, 1846; “Natural 
Philosophy,” Thomson and Tait, London, 1874; “Recent Advances in Physical Science,” Tait, Lon¬ 
don, 1876. American: “Problems in Theoretical Mechanics,” Walton, Cambridge, 1842; “System 
of Analytic Mechanics,” Peirce, Boston, 1855; “ Theoictiail Mechanics,” Weisbach, translated by 
Coxe, New York, 1876; “Graphical Statics,” Dubois, New York, 1875; “New Constructions in 
Graphical Statics,” Eddy, New York, 1877. French: “Principes de I’^lquilibre et du Mouveuiont,” 
Paris, 1803; “ Mecanique Rationellc,” Delaunay, Paris, 1806; “Sur les Mouvements de Corps 
Solides,” Prony, Paris, 1809; “M4canique Analytique,” Prony, 1810; “Trait6 de Mecanique,” Pois¬ 
son, Paris, 1811; “M6canique Physique,” 3!ollet, Avignon, 1818; “Cours dc M6canique,” Duhatnel^ 
Paris, 1846; “Le 9 on 8 de Mecanique,” Morin, Paris, 1853 (translated by Bennett, New York, 1860); 

“ M4canique Analytique,” Bertrand, Paris, 1863; “ Recueil d’Exercices sur la Mecanique Rationellc,” 
Saint-Germain, Paris, 1877; “Cours de 3f6canique Analytique,” Gilbert, Paris, 1877. German: 
“Mechanik,” Ide, Berlin, 1802; “ Mechanischen Wissenschaften,” Lan^sdorf, Erlangen, 1802 : “ An- 
fangsgriinde der reinen Mechanik,” Schultz, Konigsberg, 1804; “Lehrbuch dcr Gesetze des Glcich- 
gewichts,” Brandes, Leipsic, 1817; “Darstellung der Mechanischen Wissenschaften,” Gregorv, Halle 
1824. 

Applied Mechanics. 

English: “Turning and Mechanical Manipulation,” Holtzapffcl, London, 1850; “Dynamics, Con¬ 
struction of Machinery,” etc., Warr, London, 1851; “ Operative Mechanic,” Nicholson, London, 185:^; 
“Mechanical Inventions of James Watt,” Muirhead, London, 1854 ; “ Mechanics for Practical Men ” 
Jamieson, London, 1845; “.Mechanics and Mechanism,” Bum, London, no date; “Elements of 
Practical Mechanics and Machine Tools,” Baker, London,. 1867 ; “Principles and Construction of 
Machinery,” Campin, London, 1870; “Principles of Mechanism,” Willis, London, 1871; “Expert- 


Digitized by v^ooQle 




METRIC SYSTEM. 


389 


mental Mechanics,” Ball, London and New York, 1871; “Strains on Girders,” Stoney, London, 1872; 
“Mechanical Text-Book,” Rankinc, London, 1876 ; “ Manual of Machinery and Mill-Work,” Rankine, 
London, 1876; “Kinematics of Machinery,” Reuleaux, London, 1876; “Mechanism and Machinery 
of Transmission,” Fairbaim, Philadelphia, 1876; “Elements of Machine Design,” Unwin, London 
and New York, 1877 ; “Elements of Mechanism,” Qoodeve, London and New York, 1877. Ameri¬ 
can: “Mechanics for Millwrights,” etc.. Overman, Philadelphia, 1861; “ Essential Elements of Prac¬ 
tical Mechanics,” Byrne, Philadelphia, 1868; “Complete Practical Machinist,” Rose, Philadelphia, 
1Sj6; Weiabach, “ Mechanics of Engineering,” Vol. U., translated by Dubois, New York, 1878; 
“507 Mechanical Movements,” Brown (new ^ition). New York, 1879. French: “Trait6 Complet 
de M^canique Appliqu4e,” Borgnis, Paris, 1818; “Th6orie des Machines Simples,” Coulomb, Paris, 
1821; “M4canique Industrielle,” Paris, 1822 ; “Le 9 ons sur la M4canique et les Machines,” Daudc- 
lin, Li4ge, 1827 ; “Trait6 des Motcurs,” Courtois, Paris, 1880; “Applications de la M4canique aux 
Machines,” Navier, Pari^ 1883 ; “6l4ments de M^canique Industrielle,” BemouUli, Stuttgart, 1884; 
“Applications de Principes de M4caniquc aux Machines,” Tatfe, Brussels, 1887; “Machines Loco¬ 
motives,” Pambour, Paris, 1848; “Guide de M4caniquc Pratique,” Armcngaud, Paris, 1848; “Ex- 
pos4 de la Situation de M4canique Appliqu4e,” (Jombes, Paris, 1867; “Introduction 4 la M4canique 
Industrielle,” Poncele^ Paris, 1870; “Manuel de Plng^nieur,” De Bauve, Paris, 1871; “M4canique 
appliqu4e aux Machines,” Poncelet, Paris, 1874; “ M4canique Appliqu6e,” Dwelshauvers-Dery, 
Mods, 1876. German: “Zeichnungen von Maschinen,” Eronauer, Zurich, 1846; “Resultate fiir 
der Maschincnbau,” Redtenbacher, Mannheim, 1862; “ Maschinenkunde,” Haindl, Munich, 1862; 
“Der Fuhrer des Machinisten,” Scholl, Brunswick, 1863-69; “Das neue Buch der Erfindungen,” 
Bimbaum, Bdttger, and others, Lcipsic, 1876. 

Periodicals, jHa of which are in American public libraries .—American : Journal of the Franklin 
Inttiiuie, Scienlijic American^ American Artisan^ Engineering and Mining Journal^ American Ma- 
eAtnuf, Appldons' Mechanic's Magazine^ Practical Mechanics Journal^ Practiced Mechanic's and Engu 
neer's Magazine^ Popular Science Monthly^ Scientific News^ LeffeVs Mechanical News, American Manu¬ 
facturer^ Iron AgCy Patent (Mee Oazette. English: Engineering^ Emincer^ Iran^ Mechanic's Maga- 
2 tnr, English M^anie^ Mechanic's Magazine (Glasgow), Repertory of Arts and Manufactures (Pa¬ 
tent), Repet'tory of Patent InventionSy Journal of the Society of ArtSy Journal of Natural Philosophyy 
Chil Engineers and Architect's Joumedy Edinburgh Journal of Science. French: Annales des Arts 
d ManufactureSy Annales des Ponts et Chausskesy Annales du Ohiie CivUy Archives des DlcouverteSy 
BuUetin du Musks de VIndustrie de BruxelleSy Bulletin de la Societk de VEncouragementy Compte- 
Rendu de VAcadkmie des ScicnceSy CosmoSy Les MondeSy La NaturCy Journal de VEcole Pol^cchniqucy 
MonUeur Industridtcy Technoloc^ey Chronigne de VlndustriCy Bulletin des Sciences 2'echnologiqueSy 
Revue Scientifique et Industrimey Le Qknie Industriely Annales de VIndustrie Nationaley Publications 
JndustrieUes (Armengaud). German : Polytechnisches Journal (Dingler’s), ZeUsehrift fur Physik und 
Mathemaiik (Baumgartner), Jcdirbucher des Polytechnischen Instituts in Wieny Deutsche Gewerbezeitung 
(Berlin), Verhandlung des Vereins zur Beforderung des Oewerhfieisses in Preussen (Berlin), Kunst 
und Gewerbe Elatte (Bayern), Allgemcine Bauzeilung (Wien), ZeUsehrift fiir Bauwesen (Berlin), 2kit- 
sehrifl des Oesterreichisches ingenieure Vereins (Wien). 

MfeLODEON. See Organs, Resd. 

M ERC URY-GAUGE. See Boilers, Steam. 

METER, GAS. See Gas, Illuminating, Apparatus fob. 

METER, WATER. See Water-Meter. 

M£TBI(j SYSTEM. A system of weights and measures, according to which the ten-millionth part 
of a meridional quadrant of the earth is the unit of length, said unit being termed the metre (mklre). 
It is commonly taken as equal to 89.87079 inches, though according to accurate observations at the 
Ordnance Survey OfiScc in ^uthampton, England, it is found to be 89.87043 inches. The decimal 
multiples wd subdivisions are indicated by prefixes placed before the names of the unit. The pre¬ 
fixes denoting multiples, derived from the Greek, are decay ten ; hcctOy hundred; kihy thousand; and 
tnyrioy ten thousand. Those denoting subdivisions arc taken from the Latin, and are deciy tenth; 
centi, hundredth; and milliy thousandth. The following table gives the values of subdivisions and 
multiples of the metre in English inches and yards: 


BCEASURES. 

In Englirh Inches. 

In English Yards. 

Millimetre. 

0.08987 

0.0010986 

Centimetre. 

0.89871 

0.0109868 

Dedmetre. 

8.9870S 

0.1098638 

Metre. 

89.87079 

1.0986881 

DectmeUv . 

898.70790 

10.9868810 

Hectometre. 

8,987.07900 

109.8688100 

Kilometre. 

89.870.79000 

1,098.6881000 

Myriametre. 

898,707.90000 

10,986.8810000 


Unit of Surface. —^The unit of surface measure is the are, equivalent to the square of 10 metres. 
More commonly, however, the terms square metre, square centimetre, etc., are employed. 6.4618669 
square centimetres = 1 square inch; 9.2899683 square dedmetres = 1 square foot; and 0.88609716 
square metres = 1 square yard. 

Unit of Capacity.—Has is the cube of a tenth part of the metre, and is called the litrCy or cubic 
dedmetre. It ia equivalent to 1.7607 English pint, or 61.027062 cubic inches. 1 cubic inch = 
16.886175 cubic centimetres. The unit of capacity when referred to solidity is the cubic metre, or sthre. 

Unit of Weight. —^This is the weight of that quantity of distilled water at its maximum density 
(4^ C.) which fills the cube of the hundr^th part of a metre, and is called the gramme. A cubic 
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metre of water is a tonne^ a cubic decimetre a kilogramme^ a cubic centimetre a gramme^ and a cubic 
millimetre a milligramme. The following table shows the value of metric weights in English grains 
and pounds: 


WEIGHTS. j In Englkh Grnina. 

In Lb*. AroMapol*. 

1 lb. = TOO gnunmt. 

(tAv * fitramme). 

1 0.015482 

‘ 0.154828 

1.518285 
15.482849 

1 154.828488 

1,548.284880 
15,482.848800 

1 154,828.488000 

0.0000022 

0.0000220 

0.0002205 

0.0022046 

0.0220402 

0.2204621 

2.2046218 

22.0462126 

Decigramme (X* “ “ ) . 

Gramme.! 

Decagramme (10 grammea)...I 

Ilectograrome (lOOT “ )... 

Kilogramme (1,000 ** ). 

My rlagram me (10,000 “ 1. 


77ie Unit of Mechanical Work in this country is the foot-pound—that is, the force necessary to 
raise one pound weight one foot above the earth in opposition to the force of gravity. A horse¬ 
power is equal to 33,000 lbs. raised to the height of one foot in one minute of time. In France the 
kUogrammltre is the unit of work, and is the force necessary to raise one kilogramme to a height of 
one metre against the force of gravity. One kilogrammetre equals 7.233 foot-pounds. The dteval- 
vapeur is nearly equal to the English horse-power, and is equivalent to 32,500 lbs. raised to a height 
of one foot in one minute of time. The force competent to produce a velocity of one metre in one 
second in a mass of one gramme is sometimes adopted as a unit of force. 

Units of Heat. —These units vary. The French unit of heat, called a eatoricy is the amount of heat 
necessary to raise one kilogramme (2.2046218 lbs.) of water one degree centigrade in temperature; 
strictly, from 0** C to 1** C. In this country we sometimes take one pound of water and one degree 
Fahrenheit as the unit; sometimes one pound of water and one degree centigrade. 

Works for Reference. —“The Metric System,” Barnard, New York, 1871 ; and reports of the 
Warden of the Standards (London), of which the 7th, 8th, and 9th (1872-75) are very interesting 
and valuable. See also “ Comparisons of Standards of Length made at the Oi^nanoe Office, South¬ 
ampton,” by Capt. A. R. Clarke, 1866, and “Report of the British Standards Commission on the 
Metric System,” 1869. 

MICROPHONE. An instrument which greatly magnifies weak sounds through the action of the 
sonorous vibrations in varying the force of an electric current. In simple form it may consist of a 
rod of gas-carbon, A, Fig. 2998, set in supports C C oi the same material, the latter being connected 
with the wires x y in communication with the battery B. The wires are connected with a telephone. 

By this simple device sounds entirely inaudible to the unaided ear can be easily heard. So sensitive 
is the instrument that a slight touch on the board which supports the carbon pencil, or a mere rub 
with the soft part of a feather, is distinctly heard at the receiving station. The movement of the 
softest part of a camePs-hair brush on any part of the board is distinctly audible. If held in the 
hand several feet from a piano, the whole chords—the highest as well as the lowest—can be distinct¬ 
ly heard at a distance. The tick of a watch, the beating of a pulse, or even the tramp of a fly, can 
thus be made audible a hundred miles distant from the source of sound. 

The cause of this remarkable phenomenon is due to the differences in electrical resistance of the 
carbon pencil; and these differences arc owing to the fact that the substance of the body, under the 
influence of sound-waves, increases and diminishes in size at all points in the centre as well as at the 
surface, exactly in accordance with the sonorous wave by which that variation has been produced. 
As the body is a conductor and placed in light contact with another conductor, forming thus a part 
of a voltaic circuit, an undulatory character is given to the electrical current, which is reconverted 
into sonorous vibrations by means of a suitable receiver, such as the Bell telephone. (See Tele¬ 
phone.) To illustrate, if we assume a line of molecules at the point of contact of the minute masses 
of conducting matter in their neutral condition to be arranged as shown in Fig. 2999 at A, they will 
appear under compression as at By and under dilatation as at C. In the former case the electrical 
resistance would be less, and in the latter case more, than in the normal condition. Hence we should 
get variation in their electrical resistance, and thus sonorous waves would vary the strength of an 
electric current; and consequently, as already stated, the variations of the electric current be 

made to reproduce sonorous vibrations. 

For the carbon pencil a variety of other substances may be substituted. Sound is transmitted by 
any electrical conductor, provided one or more portions of it are separated and brought into contact 
only by a slight but constant pressure. Thus, if the ends of a wire terminating in two common 
naUs laid side by side, and separated from each other by a slight space, are electrically connected 
by laying a similar nail between them, sound will be reproduced. The effect is improved by 
building up the nails log-hut fashion into a square configuration, using 10 or 20 nails. A piece 
of steel watch-chain acts well. All metals can be made to produce identical results, provided the 
division of the metal is small enough, and that the material used does not oxidize by contact with 
the air filtering through the mass. Thus platinum and mercury are very excellent and unvarying in 
their results, while lead soon becomes of such high resistance, through oxidation upon the surface, 
as to be of little or no use. A mass of bright round shot is peculiarly sensitive to sound while dean • 
but 03 the shot soon becomes coated with oxide, this sensitiveness ceases. Carbon again, from its 
surface being entirely free from oxidation, is excellent; but the best results have been obtained from 
mercury in a finely divided state. For this purpose a comparatively porous non-conductor, Buch as 
the willow charcoal used by artists for sketching, is heated gradually to a white heat and then 
suddenly plunged into mercury. The vacua in the pores caused by the sudden cooling become filled 
with innumerable minute globules of mercury, thus, os it were, holffing the mercury in a fine state of 
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divisioiL Carbon treated in a similar manner, with and without platinum deposited upon it from the 
chloride of platinum, has been used. Similar effects have been obtained from the willow charcoal 
heated in an iron vessel to a white heat, and containing a free portion of tin, zinc, or other easily 
vaporized metal. Under such conditions the willow carbon will be found to be metalized, having 
the metal distributed throughout its pores in a fine state of division. Iron also seems to enter the 
pores if heated to a white heat, without being chemically combined with the carbon as in graphite; 
and, indeed, some of the beat results have been obtained from willow charcoal containing iron in a 
fine state of division. 

Numerous efforts have been made to construct a receiving microphone, in order to dispense with 
the use of the telephone altogether. The first device of this kind was that of Mr. James Blyth, who 
used a small glass jar containing common cinders broken into coarse fragments; a piece of tin plate 
was passed down on each side of the jar between the glass and the cinders, and to these tin slips 



were attached wires by which the apparatus was connected to a similar arrangement in another room, 
a couple of Grove’s cells being included in the circuit. With this simple apparatus—that is to say, 
two glasses filled with cinders connected with one another and with a voltaic battery of two Grove 
oells—Mr. Blyth states that “ articulate sounds uttered in one cinder jar were distinctly heard in the 
other, and even voices could be distinguished.” (See Engxntering^ rxv., 12.) Another device, pro¬ 
posed by Mr. W. J. Millar, consists of an ordinary horse-shoe permanent magnet, around one of the 
limbs of which is wound lengthwise from two to three yards of insulated copper wire (No. 30 B. W. G.). 
Against the magnet so wound is placed the lid of a tin box, and with this simple apparatus Mr. Millar 
states that ** tuning-fork sounds, singing, whistling, speaking, and violin music were heard distinctly.” 
In using this instrument, it is plac^ in circuit with a transmitting microphone and with a single 
Leclanch6 cell. (See Engineering^ xxv., 602.) Professor Hughes has also devised a receiving micro¬ 
phone, which is constructed on the theory that if the action of sonorous vibrations upon certain parts 
of an electrical circuit be to vary the dimensions of those parts, it is fairly reasonable to expect that 
a corresponding variation of those dimensions could by suitable apparatus be reconverted into undu¬ 
lations of sound ; and again, if it be true that the mechanical variations give to an electrical current 
in ondulatory character, why may it not be supposed that the transmission of a powerful undulatory 
current of electricity through a similar circuit would produce a mechanical variation capable of setting 
a membrane or other acoustical instrument into vibration, and so imparting to the air a series of waves 
of sound ? Referring to Fig. 8000, A is a small hollow cylinder of tin plate, closed at one end by the 
membrane NN of parchment stretched over it like the head of a drum. To the centre of the mem¬ 
brane is attached a small block of pine P, which carries the slip B P, also of the same material, the 
block being of sufficient thickness to cause the farther end of the slip to be clear of the edge of the 
drum, BO that the whole of the rest of the apparatus is supported solely by the centre of the mem- 
hrane. Upon the slip of pine P P is fastened one of Professor Hughes’s articulating microphones, 
having a lever of brass L pivoted at its centre of gravity between two supports, and carrying at one 
end a small slab of prepared pine charcoal (7, which is maintained by the spiral spring P at a con¬ 
stant pressure against a similar slab of charcoal below it, the latter being attached to the slip of pine 
P P. The degree of pressure between the slabs of charcoal may be regulated by turning the milled 
head Jf, whereby the tension of the spring may be varied by winding up or easing off a silk thread 
attached to one end of the spring. To the lever L and upper slab C is attached the wire z, and to 
the lower carbon is connected the wire y, by which the instrument is placed in circuit with the tranp- 
niitting apparatus. It will be observed that the principle of action, according to the theory given, is 
that the carbon blocks at C are, under the influence of an undulatory electric current flowing through 
them, thrown into a state of mechanical vibration, not unlike that produced by the celebrated Trovel- 
yan experiment (in which sound is produced by what may be called an undulatory current of heat), 
and this vibration is rendered audible by a series of little blows upon the membrane to which the 
apparatus is attached, and the sound so increased is again still further reinforced by the resonating 
cavity over which the membrane is stretched. 

'Hiree inventors claim the origination of the microphone—Professor D. M. Hughes, Dr. T. A. 
Edison, and M. Cldrac. The discussion of their rival claims will be found in the files of Engineering^ 
'Ehe Engineer^ and the Scienfific American for 1878. See also these journals for reports of experi- 
ojeutg on the microphone. Numerous modifications of the instrument will be found described in the 
SaenHfie American Supplement^ No 163. 
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MIDDLINGS-PURIFIERS. Apparatus for cleansing the intermediate product of ground wheat 
termed middlings^ and separating it from bran on the one hand and fine flour on the other. There 
are a very large number of patents on these machineSf for most of which see ** Digest of Middlings- 
Purifiers,’* De W. C. Allen, Washington, 1873. The type of purifier here described exhibits the 
essential features of the apparatus, and is one which has given good results under practical test. 

Fig. 3001 represents a perspective view, and Fig. 3002 a vertical sectional view, of ,a large-sized 
machine. The middlings are received in the hopper over the feed-roll Ky Fig. 3002, and by this roll 
are delivered to the sieve P, O G O O are air-chambers over the sieve. H HHH are pockets or 

deposit chambers. JJJJ are 
8001. valves or dampers to regulate 

the force of the air-current. / 
is a suction-fan. is a brush 
worked automatically on the 
lower side of the sieve. There 
are windows opening into the 
air-chambers for convenience in 
observing the material while be¬ 
ing operated upon. The sieve 
P is divided into sections cor¬ 
responding with the air-cham- 
bera G O O Oy each section be¬ 
ing covered with bolting-cloth, 
differing in fineness, the finest 
being on the section at the head 
or reeeiving end of the sieve, 
and the coarsest on the section 
at the tail of the sieve. The 
sieve receives a reciprocating 
motion from the eccentric B. 
The fan I produces an air- 
current upward through the 
bolting-cloth into the air-chambers G G G Gy following the bent arrows into the pockets HHUHy 
through the openings JJJJyXo the fan, and thence into the dust-room. The middlings arc delivered 
to the head or receiving end of the sieve by the feed-roll in a thin and uniform sheet. The receiving 
end being the highest, the middlings move gradually toward the lower or discharging end; and as 
the finest cloth is placed at the head, the finest portion of the specks are taken out at tlie first section 
by a light draught of air, while the purified fine middlings are sifted through; coarser and heavier 
specks and particles of bran are drawn out at the second section by means of a stronger draught of 
air, and the bolting-cloth, on this section being coarser, larger and coarser middlings are sifted through, 




and so on until the last section is reached, where, the finer middlings having been previously sep¬ 
arated from the coarse middlings, and the latter only remaining, a very coarse cloth can be us^ and 
a very strong draught of air applied. The conveyers below the sieve are supplied with the necessary 
cut-offs for disposing of the middlings in grades or in bulk, as may be deemed advisable, and for 
returning such portions as may require further action of the air. Each transverse partition between 
the air-chambers has a piece of ticking, extending from its lower edge to the surface of the sieve, so 
that the air-current from each chamber is distinct and independent. The air-current through the 
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bolting-cloth and the middlings upon it is considerably stronger at the surface of the middlings than 
It is immediately above them; hencef specks of bran, etc., raised from the middlings by the current, 
will be liable to drop back again. This difficulty is avoided by the converging wing-boards forming 
the lower sides of the pockets. This device reduces the air-chamber upward, and after particles of 
bran and specks leave the cloth or surface of the middlings, their movement becomes constantly 
accelerated until they are discharged through the throat, shown by the bent arrows in Fig. 8002, into 
the pockets. The brush Fig. 3002, extends across the width of the sieve underneath, and travels 
its entire length from head to tail. It is mounted on an endless chain, and travels in one direction 
on ways and around pulleys, as shown. 

A double machine may be used, and is designed for mills where the amount of middlings is too 
large to be conveniently handled by passing the whole body over one sieve. Its construction differs 
from that of the machine already described in having two or more reciprocating sieves, each sieve 
covered wiUi cloth differing in fineness, with a grading-reel arranged across the head of the sieves. 
This mding-reel in a double machine is covered with two grades of bolting-cloth: the first half with 
a clom whose meshes allow the fine middlings to pass through upon the head of the first reciprocating 
sieve; the last half with a cloth of coarser mesh to allow the coarse middlings to pass through upon 
the second reciprocating sieve. The fine middlings are therefore passed upon the sieve having the 
fine cloth, and the coarser middlings upon the sieve having the coarse cloth. A longitudinal partition 
rans the whole length of the machine, dividing the air-chamber into compartments corresponding to 
the width of each sieve. Two or more machines can be combined in this way, and the grading-reel 
can in some instances be dispersed with, the separating-reel in the mill being used to accomplish the 
same purpose. It is desirable, however, always to use a large or long machine where a given amount 
of bolting or sifting surface is required, rather than divide the same into two or more short machines, 
because when a body of middlings is placed upon a reciprocating sieve, the motion of the sieve causes 
the light material and refuse in the middlings to separate and rise to the surface. This separation 
aids materially in the thorough purification of the middlings by the air-currents. The greatest benefit 
to be derived from this separation cannot be reached until the material has passed over some con¬ 
siderable portion of the bolting surface. Therefore, to continue them while in this condition on the 
same sieve must give better results than could be reached by once or more times mixing the material, 
as must be done while passing it from one sieve to another. The use of a large machine also avoids 
more or less expense in elevators, conveyers, etc., made necessary by increasing the number of the 
machines. II. L. B. 

MILK-CAN. See Dairy Apparatus. 

MILK-COOLER. See Dairy Apparatus. 

MILKER. See Agricultural Machirkry. 

MILK-PAN. See Dairy Apparatus. 

MILLING, GRAIN. It is probably true that the American new process of milling was made prac¬ 
ticable by the introduction of the middlings-purifiers (which see) as invented by William F. Cochrane, 
the Supreme Court of the United States having given a decision in favor of the patents of that in¬ 
ventor. Before the date of the Cochrane inventions, which were made shortly l^fore 1868, there 
were two modes or processes in use for manufacturing flour from wheat, one practised in this coun¬ 
try and the other in Europe. Before the wheat was subjected to either process, it was properly 
clkned by various machines, such as winnowing machines, screens, smut machines, and scourers, the 
practical effect of which was to rid the grain as much as possible of such impurities as were 
mechanically mixed with the sound grains of wheat, and such as adhered to their exteriors. Accord- 
mg to the American process, which has of late years been called low milling, the cleansed wheat was 
ground directly by millstones sufficiently fine to separate practically all the flour-producing portions 
of the grains or berries from the colored skins or cuticles, and the resulting meal, or chop, was sub¬ 
jected to the operation of bolts, which permitted the fine flour, commonly called superfine flour, to 
pass through, but retained the coarser portions of the meal or chop, including both such flour-pro¬ 
ducing portions os were not ground fine enough to pass as flour and the colored matter resulting 
from the action of the millstones upon the skins of the grains. This mixed mass passed out at the 
lower end or tail of the flour-bolts, and constituted what is commonly called tailings. These tailings 
were then subjected to the action of a second sifting machine or series of sifting machines, having 
meshes progressively increasing in size, the result of the operation being the division of the mass into 
portions of different coarseness. The coarser portions resulting from this division consisted almost 
wholly of the disintegrated skins of the wheat-grains, and constituted what are called collectively 
offal, and by various other names appropriated to the degrees of coarseness, such as bran, fine bran, 
ind shipstuff. The finest product of the division of tailings above mentioned was a mixture of such 
coarser flour-yielding portions of the wheat-grains as were not fine enough to pass through the first 
bolts as flour, and of such portions of the ground skins of the wheat-grains as were of about the 
Bsme fineness as such coarser flour-yielding portions, with which were mingled more or less of fine 
particles of flour, which were not bolted out by the previous operation of bolting. This mixture was 
called middlings; and by reason of being composed in part of ground portions of the skin of the 
wheat, it had a brownish color. As these middlings, although as a whole brown in color, contained 
much valuable flour-yielding material, it was customary to regrind and rebolt them to recover the re¬ 
sulting flour. But inasmuch as the middlings contained light pulverulent impurities, and also fine 
portions of the colored skin of the wheat-grains, the grinding of the mass had the effect to reduce 
A large portion of these last to fine powder, so that when the rebolting took place the resulting flour 
was disrolored or specked with fine bran, instead of being white; and the flour obtained was not 
only inferior in color, but was contaminate in quality by the presence of the pulverulent impurities 
tod specks or fine portions of the skin of the grains, ^metimes this middlings-flour was kept sep¬ 
arate from the superfine flour, and sometimes it was mixed with it; but in either case the practical 
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result of the American system of low milling was the production of more or less flour specked with 
fine particles of bran or the skin of the wheat. 

According to the European process, which may be called high milling, the cleansed wheat was sub¬ 
jected to a series of successive grinding operations, generally four or five, alternated with a oorre- 
spending series of cleansing operations; the object and. effect attained by the successive grinding 
operations being to detach tbe skin of the grains as much as possible from the flour-yielding portions 
before the latter were ground sufficiently fine to make superfine flour, and then to grind these latter 
portions as free as possible from mixture with portions of the skins; while the object and effect of 
the alternated cleansing operations was to save such flour-yielding portions as were incidentally re¬ 
duced to powder, and to remove the detached portions of the skins of the grains from the mass to be 
reground after each successive cleansing. The alternated cleansing operations were effected by 
currents of air which carried off the bran-flakes from the more heavy flour-yielding portions. The 
result of the process was flour practically free from specks of bran; but this flour was obtained by a 
prolonged and complex scries of operations. 

The object of the Cochrane improvement in the art is to obtain flour practically free from light 
pulverulent impurities and specks of bran without the tedious and complex series of operations con¬ 
stituting the European process, or in other words to obtain flour which is practically as good as that 
product by the European system of high milling with the simplicity and directness of the American 
system of low milling; and his improvement appears to be based upon the discovery that the light 
impurities and speck-producing matter of wheat can be separated from the flour-yielding portions 
after the wheat has been ground sufficiently fine to detach the last from the first two, as distinguished 
from the practical separation of the speck-producing matter of tbe wheat from the flour-yieldi^ por¬ 
tions hefore the latter are ground to the fineness of flour. In carrying this invention into practical 
effect, Cochrane dispensed with the multiple grindings of the European system of high milling on the 
one hand, and, on the other hand, superadded to the direct American system of low milling a purify¬ 
ing operation, intermediate between tbe removal of the fine flour from the meal or chop and the re- 
grinding of the mass of colored middlings. By this intermediate purifying operation, such colored 
middlings were cleansed of the speck-producing matter and rendered ** wffite ; so that when they 
were reground, the flour produced was white instead of colored, and was practically free from con¬ 
tamination by specks of &e bran. Cochrane was thus able to obtain a larger proportion of white 
flour from wheat than was previously practicable with tbe American system of low milling; and, 
from a peculiarity in the structure of wheat, this flour so obtained was of a higher quality—tbe 
peculiarity referred to being that the best flour-yielding portions of wheat are the hardest and least 
easily ground, and consequently the flour-yielding portions of colored middlings, whidi from their 
hardness have escaped the first fine grinding, yield when cleansed of bran-specks a flour of a higher 
quality than that of the softer portions of the grain, which yield to the first grinding, and form tbe 
superfine flour obtained at the first bolting. So long as the flour obtained from these harder por¬ 
tions was a mixture of good flour with bran-specks, as it was under the previous American system 
of low milling, tbe middlings-flour, as a whole, was inferior in quality to superfine flour; but when 
the contamination is prevented, the flour produced from the white middlings becomes of tbe full 
value due to the high quality of the portions of the wheat which produce it. 

A good description of the two processes, the one now commonly known as the American system or 
low grinding, and the other as movAare ieonomique^ may be found in the Manad Rord for bakers, 
grain merchants, millers, and builders of mills, published at Paris, 1856, commencing at vol. 11., page 
865. In the former process the grain is ground to chop or meal, which is treat^ by bolts in the 
well-known American fashion; and in the other process, moutnre iconotniqtie^ there is a first grind¬ 
ing of the grain by the use of stones, then a separation of the offal by sifting, then a second grinding 
and a second separation by sifting, and so on in succession through five grindings. 

The following are the successive steps which the grain passes through in the new process: 1. The 
grinding of the grain to meal, as opposed to mere cracking of the grain; 2. The bolting of this meal 
or chop to remove and secure the superfine flour; 3. The purification of the remaining or resulting 
middlings by screening and blowing, thus removing from the middlings pulverulent impurities ; 4. 
The regrinding of these middlings so freed from pulverulent matter; 6. The rebolting of this re¬ 
ground product, so as to produce flour from the reground purified middlings. The third step of the 
process is the one in which the purifier is used, and according to the Cochrane invention such a ma¬ 
chine for separating the impurities from the middlings consists of a hexagonal screen inclosed in a 
tight box or trunk; a trapped feed or feeding contrivance, which will fe^ in tbe material to be 
operated upon, and prevent the passage of air; a fan, which causes a current of air to act upon the 
material inclosed in the reel or screen ; and a collecting chamber so constructed that tbe current may 
pass through it, and so that it will cause some or all of the pulverulent impurities floating on tbe 
current to be deposited. It will be seen that the new process involves both a process and a machine 
for carrying out the most important step in the series of operations. In the purifier the middlings 
are subjected to screening and blowing for purification at the same time; or in other words, both 
screening and blowing are taking place at tbe same instant, and the middlings may be so screened 
and blown while in a state of mixture with the bran, shipstuff, shorts, etc.; but this screening and 
blowing takes place prior to the regrinding of the middlings, and after the separation of the superfine 
flour. The third step, in which the purifiers are used, is the important one, and the carrying off of 
the pulverulent impurities by the air-current acting upon the middlings containing these light im¬ 
purities is the essence or gist of this part or step of the process; and provided such impurities are so 
carried off, it matters not whether tbe screen be hexagonal or flat, or whether the middlings are con¬ 
fined within it or can pass through it, so long as the middlings are so held that a blast or current will 
act upon them to carry off these pulverulent impurities. 

In the American system as practised before the introduction of the new process, it was the object 
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of erery miller to pass as much grain as possible between the stones—that is, as much as could bo 
80 pas^ without undue heating—and to produce as much flour as could be produced by such pas¬ 
sage, the further object incidentally being to reduce the production of middlin|^, which at that time 
and according to that process was about 8 per cent, of the total production. The effect of the new 
process is to produce as much middlings as possible, and as is consistent with the production of 
good superfine flour. The proportion of middlings obtained by the new process is about 50 per cent, 
of the total product. The first grinding is no longer the rapid operation which it was, but, because 
of the greater distance apart of the stones in the new process, the number of bushels of wheat 
passed between each run of stone per hour has fallen immensely. The new process requires that 
the first grinding operation shall be carried out between stones set close enough to produce what is 
called the superfine flour, and not set as in the European system of high milling, where the grain is 
merely cracked. At the same time the stones must not be set as in the old American system of low 
milling, where the effect was to produce the greatest yield of flour. It may be said that the new pro¬ 
cess system in the setting of the stones is practically somewhere between the two extremes, the Ugh 
milling as practised abroad and the low milling as practised in this country. 

By referring to the article MiDDLiNOS-PuRmxKS the reader will understand the machine which is 
necessary to the carrying out of the new process. This process we illustrate by the diagram Fig. 
3003, which shows the various steps both before and after the middlings have passed through the 
purifier. It must be remembered that the process here illustrated may be materially altered in 
many important respects; but whatever variations may be made in it, the essential feature of the 
purifier in some shape must be included. At A will be seen the millstones which grind the wheat 
into meal, and from which the ground product comes in a warm and rather closely-ground condition. 
The ground meal is next eleva^ to an upper story of the building by a mechanical elevator called 
in the diagram “wheat-meal elevator,” and from which it is disc^rged into a “hopper-boy.” 
While in the “ hopper-boy ” the meal is cooled, and it is delivered from it to a reel or series of reels, 
one of which is shown at B, in which the meal is bolted. The reels are “ clothed ” with bolting- 
cloths, the meshes of which are fine enough to extract the superfine or “ Extra State ” flour, the 
cloth in each reel being of increasing fineness; that at the head of each reel is known as No. 10, 
and farther on as No. 11. The flour thus extracted is delivered as shown by the arrows down to the 
packing-chest marked H, The materials which pass out at the end of the reel or the series of reels 
B are conducted as shown by the arrows to a reel or series of reels (7, which separate the mass into 
middlings, shipstuff, and bran. The shipstuff and bran are then conducted to the proper receptacles 
(not shown), and either the bran alone or both the bran and shipstuff are passed through a bran- 
duster before entering the receptacle in which they are to be deposited. The middlings coming from 
the reel or scries of reels C are then conducted as shown by the arrows into a reel or series of reels 
D, in which the fine matter that may have been mixed with the middlings is dusted from them, and 
is either sent to the packing-chest or returned to the head of the series of reels marked By accord¬ 
ing to the quality of the flour which it is wished to produce. The middlings are delivered from the 
end of the reel or series of reels marked Dy and are conveyed directly to a middlings-purifier, one or 
more purifiers being used. One of the purifiers is shown in section in the diagram at E. The mid¬ 
dlings delivered to the purifiers are subjected to the action of the shaking screens, and of the cur¬ 
rents of air passing through the purifiers by the operation of exhausting fans, the practical effect of 
which is to remove from the middlings the pulverulent impurities and such other light matter as 
can be carried off by the currents of air. Some of the pulverulent impurities and other light matter 
separated from the middlings are collected by gravitation in pockets formed in the upper parts of 
the purifiers. The residue is conducted by the eduction pipes of the fans to a dust or settling room 
shown in the diagram, in which the particles are permitted to settle by gravitation, while the air is 
permitted to pass off. The purified middlings coming from the purifiers are conducted to millstones 
shown at Fy and are there reground. Thence the meal is carried up in the elevator as shown, and 
reboHed by a reel or series of reels marked G ; and the flour obtained from the middlings is con¬ 
ducted as shown into the packing chest Hy where it is mixed with the superfine or “Extra State” 
flour obtained from the reels By the mixture making one straight grade of flour ready for the market. 

As has been said before, this process may lie materially altered in many respects, but the diagram 
gives a clear understanding of the leading stages through which the materials are passed in making 
“New Process” flour according to a successful and well-tried plan. 

At the present time * reels are made as long as 20 ft., but the tendency is to decrease the length 
as much as possible. The usual diameter is 32 in. “ The speed of reels should be from 28 to 82 
revolutions per minute for reels of this size, larger reels having a less speed, of course, and smaller 
*wl8 a greater. The proper pitch for reels may be stated as a fourth of an inch to the foot of 
length. Bolting-chests may be driven either by gearing or belting, preferably the latter. When 
spur-gearing is used, an additional frame must be provided at the head of the chest, and should be 
distant from the main frame about 2 ft. This frame can be made of posts about 10 by 4 and bridge- 
of similar dimensions, and its purpose is to carry the short shafts by which connection is made 
with the reel-shafts. When bevel-gear is used, this additional frame is not necessary, as the cross 
bridge-trees can be extended to form bearings for the upright shafts that drive the conveyers and 
rc^. The frame of the bolting-chest should be substantially made, and the different posts and 
bridge-trees securely keyed together. Almost any kind of wood can be employed for the covering 
of the chest, pine generally being used. For the cant-boards some lumber should be used that is 
hard, like walnut, and is susceptible of wearing its surface smooth. These gathering boards must 
have the proper pitch in order to prevent the flour from adhering, and so proving a source of annoy- 
An angle of from 66® to 70® is suitable for this purpose. The side rails and posts of the 
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bolting-chest need not be so heavy as the other timbers, 2| by 6 being heavy enough for the side 
rails, and 3 by 8 for the side posts. The comer posts should be 13 by 3 in., and the bridge-trees the 
same size as the side posts. 

“ All bolting is accomplished on the sliding principle, and therefore the ribs should not be made 
heavy, but should be flat or leveled off from the upper comer on the carrying side. By this means 



the meal is allowed to slide gently on the cloth, which not only increases the capacity of the reel, 
but docs better work than a dumping-reel will do. The philosophy of the sliding principle is, that 
the bran and light impurities, having less specific gravity than the flour, float on the top, leaving the 
flour next to the cloth, and presenting no impediment to its passage through the meshos. The best 
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waj to make up bolting-cloth is to cut it into strips and have ticking put on eyer 3 r rib. If the reel 
is 30 in. in diameter, the cloth, being 40 in. wide, will cut into three strips, each 13^ in. wide. Al¬ 
lowing half an inch both sides, each of the three strips will be 12^ in. wide. The distance from the 
centre of one rib to the centre of the next rib being 15 in., 2J in. of ticking must be added on each 
rib to make the required 15 in. Cloths made up with ticking last longer than those made up with¬ 
out it, for the reason that bugs will not attack the ticking, and whatever strain is brought to bear 
within the reel falls upon it instead of the cloth. In making up the cloth, care should be exercised 
not to stretch it, since it will be wrinkled and will not fit properly when placed upon the reel. Ordi¬ 
narily, bolting-chests contain four reels, and when more are required they are ordinarily arranged by 
twos. The reels should all be pitched one way, and the heads should be placed in one direction. 
The chest should be partitioned in the middle and two conveyers placed under each reel. When a 
speck-box is used, care should be taken to have it perfectly tight around the heads of the reels, so 
that the specks cannot work back.*’ 

The following is an ideal bolting arrangement suitable for a merchant mill of 14 run of burrs, 8 
on wheat, 3 on middlings, 2 on bran, and 1 on tailings, with appropriate purifying capacity and 
rolls for crushing wheat. It is not given as a model, but simply to illustrate the principles of bolting. 
It is taken from a paper prepared by Mr. Gent of Columbus, Ind., and read before the State Associa¬ 
tion of Indiana at its meeting in May, 1878. The chests are designated as follows, and whether the 
reels are in one chest or more, they should be so arranged with spouts and elevators that any part 
of the product from any reel can be thrown into the head of any other reel or chest of reels: 

“ Chest A, one reel, for scalping the chop, which should bo closed with two grades of wire, the 
finest at the head, with slides so arranged that all or any part of the bran could be taken off; for 
at times the chop will not bolt so freely as at others, and will require more of the fine bran to make 
it bolt well. Chest four reels, for bolting the chop. Chest (7, four reels, for bolting the mid¬ 
dlings after bei^ ground. Chest four reels, for rebolting the flour from all sources when re¬ 
quired. Chest Ey four reels, for separating and dusting the middlings from chest jff, or chop-reels, 
^est two reels,, for bolting, dusting, and separating the products from the rolls. Chest two 
reels, for dusting and separating the second middlings from chest C. Chest two reels, for dust¬ 
ing and bolting the bran after being ground. Chest /, two reels, for dusting the fine bran, dust 
from dust-room, and tailings from chest F, Chest c/, two reels, for grading middlings before going 
to purifier. The chop passes to reel A, or scalping reel, where as much of the bran as possible 
should be disposed of, and, if brushed before grinding, passed to the brush and to the stone, and to 
chest Hy for bolting and dusting. The chop now passes to chest where the process of bolting 
begins. After passing through chest B^ the middlings and fine bran pass into chest E for separating 
and dusting, the fine bran passing over the tail and to a stone for grinding, the germs and heavy 
portion passing through a coarse cloth on the tail of the separating reel, and to the reels for crush¬ 
ing. The middlings are transferred to grading-chest c/, clothed with six grades of cloth, and, when 
gi^ed or sized, each grade is put on a separate purifier, and affer purifying are divided into two 
grades, and to separate stones for grinding, while that portion which passes over grading-reels goes 
to the roll with those particles which were taken off at the tail of reel E. This completes the work 
of this roll, and we will call this roll number three. The middlings, after grading, are transferred 
to chest (7, with as much of the flour from chest as is considered good enough for that purpose. 
The flour from this chest is the first or best grade. The return from this chest, also the return from 
chest B^ and the flour from the dusting-reel, with the flour from the head of chest or bran-reel, 
and the dusting from chest f?, or second-middlings reel, and the flour from chest F^ or from rolls, 
are all thrown into chest D and rebolted. The flour from this chest is the second grade; while that 
which passes over the tail of chest D is turned on two purifiers, cleaned of the fuzz, and sent to a 
stone for light grinding, and then into the chop again. The second middlings from chest after 
passing over two purifiers, are sent to the same stone and into the chop. The return from chest 2>, 
or rebolting reels, is thrown upon the head of the bran-reels in chest H. The heavy particles of 
middlings from the first dust-chamber pass to reel number four, and from there to chest F^ with 
product from reel number three. The tailings from the first six purifiers go to roll number five, 
then into chest F^ with that from rolls number three and four. The middlings from chest F go on 
a purifier for that purpose, and to the stone for light grinding, and into the chop, while that which 
passes over the tail of the reel goes to a stone for grinding and to chest /, together with the chop 
from the stone grinding fine bran. The return from the first bran-reels, or chest is thrown into 
this reel. This is the third grade of flour, and if well managed will only amount to 6 or 8 per cent, 
of the whole; the second 42 to 44 per cent., and the first 46 to 60 per cent.” 

Cleaning Bolting-Cloths .—Various devices have been proposed for the purpose of keeping bolt¬ 
ing-cloths free from paste, etc. One of the best inventions is that of Messrs. Rathbun Brothers, of 
East Pembroke, N. Y. The contrivance consists of spring-bolts securely fastened to the insides of 
the cross-stripes on the tail end of the reel, to the inner end of which are attached strong cords of 
gut running directly under the cloth and fastened at the head. On the bridge-tree at the tail of the 
reel is secured a circle, to which is attached a steel-faced cam in such a way that it will turn back if 
the reel is turned backward, but if held in position it causes the spring-bolts to crowd in as the reel 
revolves. This slackens the cords, and as the spring-bolt passes the cam the reaction of the spring 
causes the cord to snap against the inside of the cloth, thereby removing the flour and the impurities 
which have caught on the cloth, and causing them to fall back into the reel. 

The Cogswell & ilnn bolt-cleaner consists of a brush suspended over the reel by arms secured to a 
shaft. The reel is cleaned through its rotating in contact with the brush. H. L. B. 

MILLING MACHINE. The milling machine has assumed a position of great importance in the 
manipulation of iron work, especially that of small dimensions. The advantages it possesses are as 
follows: 1. Having a rotary cutter, the cutting operation is, so far as the cutter is concerned, continu- 
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ous. 2. The outline of the work assumes a form in exact truth with the outline of the cutting edges 
of the cutter. 8. The machine being once adjusted, all the work operated upon therein will possess 
exact uniformity in size and form. 4. By varying the position of the work beneath the revolving 
cutter or cutters, pieces of work of uniformly irregular shape may be duplicated with an assurance 
of exactitude in both size and shape. 5. The only special skill required to operate the machine con¬ 
sists in maintaining the form of the cutters and in setting the work. For these reasons the milling 
machine is applied to every form of small work which will admit of manipulation by rotating cut¬ 
ters, more especially in the manufacture of sewing machines and rifles. Even screw-cutting taps 
may be threaded by milling tools. 

The milling machine consists essentially of a framework carrying a spindle revolved by a cone- 
pulley, either alone or in combination with gear-wheels whereby to obtain more changes of speed and 
greater driving power to the cutter, the same frame carrying a table whereon chucks or work¬ 
holding devices of various forms and sizes may be fastened. The chuck or work-holding device is • 
then traversed beneath the rotating cutter, or is sometimes made to revolve, or to revolve and 
traverse at the same time, as in the case of milling out the flutes of twist-drills. In rare cases the 
work is stationary and the milling cutter is traversed. 

The Universal Milling M<u:hine^ made by the Brown & Sharpe Manufacturing Company, shown 
in Fig. 3004, and also in a full-page eoCTaving, has proved one of the most successful yet devised for 
gene^ purposes. The spindle C C\ for carrying the cutters, has its journal-bearings in the frame 
which is made hollow, a shape giving great rigidity, and forming a closet for the tools and appur¬ 
tenances to the machine. The arbor for holding the cutters is separate, and fits into a conical hole 
provided in the spindle at C". Over the spindle C C is an arm J/extending across over the spin¬ 
dle-cone, from the front to the rear bearing, and projecting toward the front of the machine, to which 

is clamped the piece Jy carrying the centre By 
for supporting the outer end of the arbor, the 
centre being moved for adjustment by the hand- 
wheel /. The piece Jy holding the centre By is 
split on its upper and lower ends, and clo^ 
by clamp-screws upon H to hold it in position, 
and also upon B to hold it firmly. E is ^ 
table or clamp-bed, which can be moved upon 
the knee i> in a line parallel to the axial line 
of spindle, and clamped firmly in any position. 
Upon the bed E is another, Fy which has a 
movement in a horizontal plane, at right an¬ 
gles, or any angle between 45“ and 90®, to the 
axis of spindle C C\ either to the right or 
left. Upon the bed F is placed the spiral 
head O and centre stand Between the 
centres Q and G' is placed the work to be 
operated upon, if of such form as to be best 
held upon centres, as spiral drills, reamers, 
taps, milling-cutters, or work of a similar char¬ 
acter ; and the work is adjusted to the cutters 
by the raising of the knee D by the vertical 
screw D ', the amount to be rais^ or lowered 
being reflated by nuts upon the vertical stop- 
screw ^ acting as stops upon each side of an 
ear through which it passes. It can also be 
raised by thousandths of an inch, indicated by 
a pointer upon a dial fastened to the front of 
the knee B. A vise for holding flat pieces for 
milling is provided, which can be fastened upon the bed Fy at any angle with the same. The spiral 
head G can be elevated at any angle for the purpose of cutting any work, upon an arbor fitW to 
the same, or held in a universal chuck, fitted upon the spiral spindle A. 

The arrangement of the cone-spindle bearings and back gear is shown in Fig. 3005, which is drawn 
partly in elevation and partly in section. A A is the frame, having the conical bearings T T for the 
spindle C C\ The front bearing is made solid, and forced into a hole bored in the frame to receive 
it; the wear is taken up by nuts which draw the spindle into the conical bearing. The rear bearing 
is conical upon the outside, fitted to a hole in the frame, into which it is drawn by a nut, the wear 
being compensated for by the box being split upon one side, the drawing of the box forward closing 
it upon the spindle. U is the conical recess to receive the arbor. M is the cone-pulley to drive 
C C\ and L and L' the gear-wheels for the slow motion. Q Q' is the back-gear sleeve carrying the 
gear-wheels S S' \ this sleeve revolves upon a shaft Qy which has its bearings eccentric to the part 
upon which the sleeve fits, and has upon its outside end a lever O, R being a device for retaining it 
in position. The shaft Q is hollow, and filled with oil by removing the screw shown in lever O, for 
the purpose of lubricating the bearing for sleeve Q'. As shown in the drawing, the gear-wheels L ' 
and Sy also L and S'y gear together; hence motion to C C is obtained as follows: The pulley M is 
revolved by belt, and L' being fixed to M revolves with it, rotating the gear S; this rotates the sleeve 
Q' upon the shaft Qy and the gear S'y being in one piece with the sleeve, rotates X, which, being fast 
upon C C'y gives rotatory motion to the latter. When, as for light work, motion is required from 
the cone-pulley direct to C C'y the locking device shown at E is moved, locking L io C C; the 
handle 0 is depressed, rotating the eccentric shaft Q through one half revolution, which carries ^ 
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out of gear with L\ and S' out of Z. P is a cone-pulley having three steps to regulate the feed of 
the machine. 

In Figs. 3006 and 3007 is sho^?n the construction of the device shown in Fig. 8004 at 00 \ which 
is employed for some kinds of work. It consists of two heads, one of which carries a spindle, which 
may be rotated continuously or moved with precision through any required portion of a revolution. 
Into this spindle, a, Fig. 3006, fits the centre 6, which holds the work (or an arbor upon which work 
may be held) at one end, while a similar centre in Fig. 3004, holds it at the other end, after the 
same manner as work is held in lathe-centres, c is a clamping device, whereby the dog or driver 
upon the work or mandrel may be held in a fixed position with regard to the spindle a. Upon the 
spindle a is fastened a worm-wheel ef, engaging with a worm c, which is fixed to the shaft /, standing 
axially at a right angle to spindle a. Upon f is a dial or index-plate whose outer radial face is 
drilled with rows of holes, of different numbers, but the holes in each row being equidistant. 



In Fig. 3007, A is an arm carrying an index-pin t, which arm may be fastened upon f in such pci i- 
tioQB as to bring the pin t opposite either of the rows of holes upon plate g, A spiral spring at j 
forces the point i into such of the holes in ^ as it may be opposite to. Upon the back side of plate 
^ is a pin A, sliding in a part of the head, which is opposite one of the rows of holes in plate and 
drilled through the same; this pin, being pulled forward into one of the holes, fastens the plate to 


8C06. 



8007. 



prevent its revolving while using the arm h. Upon the face of the plate and held to it by friction, 
is a sector formed of two arms, which may be opened to any angle, and embrace any number of holes 
in the plate; and having been set at the requisite number of holes, the pin t may be moved between 
the arms without counting the holes at each movement. If the pin i is adjusted to one of the con¬ 
centric rows of holes, and placed alternately in each hole, the spindle a will have been rotated, but its 
motion will have been divided into as many periods as the number of teeth in the worm-wheel, mul¬ 
tiplied by the number of holes in the row of holes being used. As an example of the operation of 
this part of the device, let it be supposed that there is placed therein an arbor containing one or 
more hexagonal nuts. The point t is adjusted to the requisite row of holes, the pin % is withdrawn from 
the index-plate, and the latter is rotat^ until one of the sides of the nuts stands parallel with the 
face of the milling-cutter, when the pin is allowed to enter one of the index-holes. The slide Fig. 
3004, is then traversed, passing the nuts (forming the work) under the milling-cutter, and back again 
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to the position whence they started; the pin i is then withdrawn, and the shaft and worm rotated 
the number of turns and parts of turns required to make one-sixth of a revolution of spindle g, when 
the pin i is allowed to enter the hole opposite it. The work is then again traversed beneath the 
milling-cutters, and the above operations are repeated. Thus by setting the pin i to the proper circle 
of holes in < 7 , and making the requisite number of turns and parts of turns, the spindle a may be 
moved through any portion of a revolution with great precision, and the work may have any number 
of flat sides, teeth, or grooves cut upon it. In case the grooves upon the piece are wanted in a spiral 
form, the spindle a must have a continuous rotary motion, at the same time that it is being revolved 
in a longitudinal direction, which is effected by means of connecting gearing between the feed-screw 
moving the bed Fig. 3004, and the shaft /, Fig. 3007; and by suitable change-gear the spiral may 



be made longer or shorter, as may be required, and either right- or left-handed. The spindle a and 
head n may be set at any angle between a horizontal and a vertical plane, the centre of motion being 
the shaft f\ and the top edge of box or frame m being divided into degrees for that purpose. It is 
clamped in any position by a bolt passing through both head and box, and a nut upon the outside. 

The .self-acting feed-motion for the bed F is produced by a belt from the cone-pulley I\ Fig. 3005, 
to similar cones upon the side of the machine, driving by means of an extension coupling and uni¬ 
versal or Hooke’s joints the shaft b ", Fig. 3008. To tliis is fitted a clutch / with a feather allowing 
a movement longitudinally upon it by means of a fork connected by a bell-crank lever to a slide 
contained in a groove in the side of the bed, and operated by a lever or a movable stop attached to 
the slide, which comc.'^ in contact with a pin disengaging the clutch / " from its mate c", to which is 


30(W. 8010. 



fastened a bevel-pinion engaging with the crown-gear D", which is fast on the feed-screw «If 
the bed (of which is the feed-screw) requires to be operated by hand, c" and f" are disengaged 
(as shown in the drawing), and the handle at the other end of the feed-screw is employed. The ad¬ 
justable arm A", with its stud and sleeve, is for carrying the gears for actuating the dividing or 
index device shown at O', Fig. 8004. The arm and gear n' is used for an intermediate when cutting 
left-hand spirals. 

Milling-Cutters .—The improvement in these cutters devised by the makers of the machine described 
consists in making the teeth of the cutters of exactly the same section or shape from the front to the 
back, giving the cutting edge clearance by making the back of the teeth to approach the centre of 
the cutter, decreasing the w idth of the spaces between the teeth in order to maintain the teeth of 
regular form from edge to root, as shown in Fig. 8009. To sharpen these cutters, the front faces of 
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face, as shown tX B B. A is the arbor driven bj the milling-machine spindles • BBt^r^ two cutters; 
C is a washer, maintaining B B the required distance apart; and D is the work being operated upon. 
An advantage in using where practicable the radial faces of the cutters is, that thej will cut the work 
true even though the cutters themselves are out of true, the pieces of work all being cut to one size, 
because the more prominent teeth of the cutters will operate upon all parts of the work; the only 
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result of a want of truth in the cutters being that the work will be cut narrower with the same length 
cf washer than it would be were the cutters true. 

When the side faces of the cutters operate, they must be made right and left; that is to say, the 
teeth of one cutter must slope in the opposite direction to those on the other cutter, so that when 
the two are placed opposite to one another, as shown in Fig. 8011, the teeth of both will stand in a 
direction to accommodate the direction in which the cutters revolve. To cut side faces of any re¬ 
quired width, we have only to vary the width apart of the cutters by the washer Cin Fig. 3011, 
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the teeth are operated upon by an emery-wheel, thus saving the softening process and maintaining 
the original form. This is of the utmost importance in this class of tools, remedying one of the for¬ 
mer greatest objections to milling tools. 

The ordinary description of cutting tool used in the milling machine is shown in Figs. 8010 and 3011. 
It may be employed to cut either upon its circumferential surface, as shown at or upon its radial 
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together to make up the whole. Thus the figures from 1 to 8 represent each a separate cutter. It 
is obvious then that there is scarcely a limit to the forms capable of being smoothly cut and uni¬ 
formly duplicated by such cutters. 

Frknch Milling or Fraisino Machinxs. —A series of milling machines adapted to various pur¬ 
poses have been devised by M. Frey fils of Paris, and are remarkable for exce^lingly ingenious con¬ 
struction and high capabilities. 

Figs. 8014 to 3017 represent a machine specially devised for producing milling-cutters of deter¬ 
minate form. It has a universal motion which allows of the outline of a pattern being accurately 
followed. Fig. 3014 is a vertical section across, and Fig. 8016 a vertical section along the axis of 
the carriage. Figs. 3016 and 8017 are plan views. The principal support is a hollow cast-iron ool- 
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while to cut curves and shoulders the periphery only of the cutters can be used. Thus, suppose it 
were required to cut out the form shown in Fig. 3012, the outline of the cutter would require to be 
as shown in Fig. 3018; but it would be a tedious and difficult matter to get up a solid cutter of such 
a shape on account of the difficulty of cutting the teeth. Hence, all such compound forms are pro¬ 
duced by making separate cutters, each of its requisite form, size, and width, and then placing them 
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carrier F. The second carriage D has a unirersal moyement, since it slides verticallj on the first 
carriage C, while the latter has a horizontal motion on its fixed support B, In the centre of sup¬ 
port ^ is a ball c, held in a socket d, A second sphere c' is mounted in the middle of the exterior 
carriage 2>. These two balls are trayersed by the rod G, which by a chain e is connected with the 
piyoted leyer G \ on the end of which is a counterweight G It will be eyident that by means of 
the rod G the workman is enabled to moye the tool-carriage in any direction about the centre of the 
ball c, and thus to guide the tool as may be desired. 

In front of a rectangular opening in the column A is adjusted the table on the surface of 
which is placed the carriage /. Aboye the latter is the principal carriage J. This is connected with 
a plate if, which, as shown in Fig. 8016, is so arranged that the upper carriage may moye on a hori¬ 
zontal fixed centre in the lower carriage. It will be obseryed consequently that the upper carriage 
J has a yariety of movements. It may be adjusted vertically, displaced longitudinally, or placed at 
any degree of obliquity. The centres for holding the work X are shown at L and L. Also on the 
carriage J are the pattern M and the carrier if , which bear the same relation to the guide X' as 
does the tool X to the work to be milled. 

HorizonUd Milling Machine ,—A sectional elevation of this machine is given in Fig. 8018. It con¬ 
sists of a hollow cast-iron rectangular support A, which receives above the spindle B and on its 
front face the table C. On the front of the base of the column is cast a piece A\ which receives 
the bronze nut a, the threaded stem in which serves to effect the vertical displacement of the table. 
Journals a' also, of cast iron, receive the motive-arbor 2>, at the extremities of which are the fixed 
and loose pulleys P and P\ Also in this shaft is the stepped cone D *, which transmits motion by 
a belt to the cone on the sleeve B * of the spindle. Motion may be imparted to the main spindle 
either directly by the means described, or by the back gearing. The carriage consists of a lower 
portion F, which moves parallel to the axis of the support C; and above this is a second portion 
with channeled surface, which has a movement perpendicular to that of the part below. The entire 
table may also be bodily moved toward or from the tool. The tool used is represented in Fig. 3019. 
Its form is that of a crescent with two cutting points spirally disposed. Its stem is inserted in the 
spindle-head, and held from turning by a squared end entering a similarly shaped socket. In place 
of this tool a twist-drill may be substituted for boring, or other suitable implements may be intro¬ 
duced for surfacing, grooving, etc. The manufacturer states that pieces of work 15.6 in. high, 15.6 
in. in breadth, and 68 in. in length may be operated upon with facility in this machine. 

Fig. 8020 is a vertical section and elevation of a machine designed for all the varieties of work of 
which an apparatus of this class is capable. It mills, dresses, surfaces, and drills both vertically and 
horizontally. Fig. 8021 shows a front view of the same machine, with the drill arranged for hori¬ 
zontal boring. The details of construction are clear from the engravings. 

MILLS, GOLD, SILVER, AND COPPER. See Amalgamatino Machinery, Breakers or Crush- 
Ers, Chlorinating Machinery, Concentrating Machinery, Furnaces (Metallurgical), and Stamps, 
Ore. 

Gold-Mills. —^The general arrangement for a mill for the treatment of gold quartz is shown in 
Fig. 8022. Where it is possible, a side-hill location is selected as the site of the mill, the object 



being to secure through the action of gravity a continuous automatic movement through all the dif¬ 
ferent stages of the process. If, as is most desirable, the mill adjoins the hoisting works, or is con¬ 
nected thereto by a narrow-gauge track, the ore is brought thither from the various levels of the 
mine in the same cars that are loaded at the stopes or headings. These cars discharge upon an in- 
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dined wrought-iron grating termed a grisaly, which allows the fine particles to drop through into 
the bin, while the larger ones are carried on to the rock-breaker, where they are rapidly reduced, be¬ 
tween heavy jaws of chilled cast iron, to fragments of any size required. These fall to the bin 
below, and pass on with the screenings to the self-feeder. This latter is set ia a strong frame that 
rests on wheels as shown. It is locat^ behind the battery of stamps, and is operated automatically 
through the tappet upon the central stamp-stem of the battery. The supply to the mortars is thus 
regulated at will As gold ores are almost universally treated according to the wet process, and the 
tji^gamation is conducted in the mortar of the battery, the die is made to set low as shown, and the 
sides and screens are lined at the bottom with silver-plated copper plates, to collect the amalgam as 
rapidly as it is formed. Whatever fine particles of the precious metal succeed in escaping from the 
copper plates in the mortars, and passing the screens, are brought in contact with other plates upon 
the aprons, or are caught upon the inclined blanket-tables just beyond. Here a mechanical separa¬ 
tion of the lighter earthy materials of the pulp, from the heavier grains of gold or gold-bearing sul- 
pharets (if these are found in the ore), is continually taking place. Where the bres are free-milling 
and wanting in sulphurets, the fine gold which is still uncollected, and is being carried away suspended 
in the muddy water, is led over a succession of tailing-sluices, where the greater part is caught. 
The gold-mill shown is arranged for the treatment of sulphurets that are refractory, and require a 
special process. These sulphurets, or ** black sands,*’ as they are termed by the practical millman, 
are separated from various earthy matters by means of the concentrator shown. These are then 
ground to a pulp, sometimes with the addition of the tailing in an ordinary pan. When the quick¬ 
silver introduced has had time to reach each scale of gold, and thorough amalgamation has been 
effected, tbe contents of the pans are led ofiT to the settler, where the earthy matters are kept in mo¬ 
tion until they are discharged with the water, while the amalgam is removed to the retort-room, 
where the find separation is brought about, the quicksilver being sublimed and collected under water 
to be used again, while the gold is in a condition to be assayed, remelted, and cast into ingots, in 
which shape it passes as an article of commerce. 

Performancei ,—The following data, by Messrs. Prescott, Soott & Ck>., show performances 
of TOld-mills: 

KeyMtone Conaolidaied at Amador Co,y Cal. — Odd-mill, erttshing toei .—^Number of mortars, 
8; discharge of mortars, single; number of stamps to each mortar, 6 ; total number of stamps, 40; 
weight of a stamp in pounds, 760; height of drop in inches, 8^; number of drops per minute, 86 ; 
screens made of Russia iron, slotted; trade number of the screens, 6 ; tons of rock crushed per 24 
hours, 90; tons crushed per stamp per 24 hours, 2.26 ; quality of rock, medium ; formation, quartz; 
fineness of the bullion, 840. 

Hwdeida Valley JdxU, at Mariposa Co., Cal. — Gdd-miU, crushing vet. —Number of mortars, 6; 
discharge of mortars, single ; total number of stamps, 28 (4 mortars with 4 stamps each, and 2 mor¬ 
tars with 6 stamps each); weight of a stamp in pounds, 660; height of drop in inches, 11; number 
of drops per minute, 70; screens made of Russia iron, punched; trade number of the screens, 6; 
tons of rock crushed per 24 hours, 60; tons crushed per stamp per 24 hours in 4-stamp mortars, 
1.76, in 6-6tamp mortars, 1.83 ; quality of rock, easy; formation, quartz. 

Selvu-Mills.—M ills for the treatment of silver quartz differ in the details of construction with the 
character of the ore. Although there is a very wide range between the free-milling ores and those 
that are too basic to be successfully worked by these means, yet all quartz-mills for the reduction of 
silver ores can be referred to one of two general types, acceding to whether water is used or not in 
tbe process. They are known respectively as “ wet-crushing silver-mills ” and ** dry-crushing silver- 
mills.” 

In the ** dry-crushing silver-mill,” as shown in Fig. 8028, tbe ore that is not fine enough to pass 
tbe grizzly is crushed to the size required by a rock-breaker, and the whole spread upon a drying 
floor as shown, where it is heated by the waste gases from the furnace until every particle of moist¬ 
ure has been evaporated. It is then shoveled into the hopper of the self-feeder, from which point 
until h is discharged from the furnace it is handled and moved entirely by mechanical devices. The 
pulp, after it has passed the screens, is delivered into a conveyer on each side of the double dis¬ 
charging mortar, which carries it to tbe elevator-bin. From here it is raised by the belt-elevator 
shown, operated from a countershaft, and discharged into the pulp-feeder as rapidly as required. 
By means of a set of cone-pulleys the speed of the pulp-feeder shaft is varied at pleasure. The pulp, 
carefully mixed with salt, is sifted into the vertical shaft of a Stetefeldt furnace. The desulphuriza¬ 
tion and chlorination occur almost simultaneously during the descent of the finely-divided particles; 
the roasted pulp is drawn from the furnace, by tbe door at tbe bottom of the shaft, on to tbe cool¬ 
ing floor, and is then charged into the amalgamating pans. These pans make from 80 to 100 revo¬ 
lutions per minute, and take from 8,000 to 4,000 lbs. of ore or pulp at a charge. After the grinding 
and amalgamating have been effect^, the whole eharge is run into a settler, which makes about 12 
or 13 revolutions a minute. This movement and the flow of water are sufficient to carry off all the 
lighter particles of earthy matter, and allow the amalgam to drain into the amalgam safe. This latter 
is emptied from time to time, and the contents are retorted, the quicksilver used over again, and the 
bullion remelted, assayed, cast into ingots, and its assay value marked upon it for commercial pur¬ 
poses. A clean-up pan is sometimes placed at tbe bottom of tbe mill for washing the bullion, or 
there may be added a sulphuret-pan to treat the sulphurets and tailings collected. 

In the “ wet-crushing silver-mill ” the process of separating the precious metal from its matrix of 
vein-matter is known almost universally as the “Washoe” process. The ore, after it has pass^ the 
rock-breaker, self-feeder, and battery, and been reduced to the proper condition of fineness, ia run 
into settling-tanks, where the water is allowed to drain off. The various steps in the process that 
follows are essentially the same as those in the dry-crushing silver-mills. (S^ also Amaloamatino 
MACHiVEar.) 
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Silver-Mill Performanees .—^The following data exhibit the performance of the International Mill 
at White Pine, which has 60 stamps, SO crushing drj and 30 crushing wet: 

Silver^ill cnuhinff dry ,—^Number of mortars, 6 ; discharge of mortars, double; number of 
stamps to each mortar, 5 ; total number of stamps, 30; weight of a stamp in pounds, 750; height 


8023. 



of drop in inches, 7i; number of drops per minute, 98; screens made of brass wire; trade number 
of the screens, 50; tons of rock crushed in 24 hours, 83; tons crushed per stamp per 24 hours, 1.1; 
qualitj of the rock, soft; formation, limestone; fineness of the bullion, 990. 

SUver-mUl crtuhiny wet .—Niunber of mortars, 6; discharge of mortars, double; number of 
stamps to each mortar, 5; total number of stamps, 30; weight of a stamp in pounds, 750 ; height 
of drop in inches, 7i; number of drops per minute, 87; screens made of Russia iron, punch^; 
trade number of the screens, 6; tons of rock crushed in 24 hours, 47; tons crushed per stamp per 
24 hours, 1.57 ; qualitj of the rock, soft; formation, limestone ; fineness of the bullion, 990. 

Copper-Mills. —^The following is an outline of the process of copper-milling practised in the Calu¬ 
met and Hecla, Allouez, and Atlantic mills in the Lake Superior region. For full details the reader 
is referred to a series of articles on “ Copper-Dressing in Lake Superior,” by T. Egleston, Ph. D., 
published in the Met€Uluryieal Review^ beginning May, 1878. 

The rock as it comes from the mine is in pieces, varying from nearly a cubic yard in the conglom¬ 
erate mines to fine dust. This is raised in the skip to the top of the shaft-house. The front wheels 
of the skip have a narrower tread than the hind wheels. The tramway at the top of the shaft-house 
is constructed so as to allow the front of the skip to drop and the whole contents of the car to be 
discharged over an iron grating. The large pieces fall to one side of this grating, the fine to the 
other. In front of the grating where the large pieces fall is the shaft-house proper. The rock com¬ 
ing from the mine is called the “ore.” After passing through the mill the copper collected is called 
the “ mineral,” a term applied throughout the whole of Lake Superior to denote the dressed copper 
sent to the smelting worlu. After the ore is picked, the rich material goes to a car and is trans¬ 
ported to the rock-house, where the car is dumped. The fine ore, passing the screens, falls into 
shoots or pockets, and the coarse ore goes to crushers. From the bins or pockets, the ore is dis¬ 
charged into the cars which carry it to the mills. After passing through the stamps, the rock is 
carried by launders to a head-box which discharges into the hydraulic separators, to be distributed to 
the washers. The ore from the stamp is discharged into die separator and falls by its gravity; it is 
prevented from at once going to the bottom by the undercurrent of water which it meets. The large 
pieces are caught first, and make their way out of the first slot, and so on until the fine is disdiarged 
from the last, a rough separation being effected in this way into four classes, each one of which is 
discharged from an opening made for the purpose by a launder on to the proper-sized screen of the 
washers below. Two or more sets of separators are used for each head of stamps. 

The jig used is the Collom washer, in which the rapid movement of a plunger causes the water to 
rise up through the sieve, which causes the ore to separate by gravity. Whatever is fine enough 
falls through the sieve into a box below. The heavier material is distributed in the order of its 
gravity on the sieve, and the lighter portions escape over the apron. From the apron of one sievre 
the discharged material goes to the washer below. The different grades of copper, as they are 
separated from the upper sieves, are carried to the catch-boxes, usually indicated by the number of 
the grade of copper which they are to receive. The material which passes ovCr the second row of 
washers is carried into settling-boxes in front of the catch-boxes, which are unequally divided. The 
ore coming from the coarsest sieve, being coarse, goes to a small compartment, and the ore from the 
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finest, being fine, to a large one. The long sides of the bottom of these boxes have a considerable 
incline, not more than a quarter of the bottom being flat. The oTerflow passes from here to the 
last pair of washers, from which the material goes to the beach. 

The great difficulty in making the separation with these washers is to catch the light scale-copper, 
which is buoyed up by the water and floats off with it. It can be caught in blankets, but no practi¬ 
cable process has yet been found to clean the blankets. The float-copper can be saved, but it costs 
more to save it than it is worth. The number of washers per stamp is variable. At the Allouez 
mill there are 14 washers per stamp; at the Atlantic, 18at the Calumet and Hecla, three stamps 
have 13 each and four have 21 each. The different grades of copper are all caught in the four boxes 
at the end of the single double set of washers, and the two at the end of the double single set, each 
of which is marked with the number of copper it catches. All the fine rock which passes the sepa¬ 
rator that is caught is huddled and tossed, and goes to a rotating slime-buddle, which is in general 
like the ordinary convex rotating huddle. Its peculiarity is the cam-shaped apron of the top, which 
revolves and covers the deposited copper, which is washed off only at the end of the rotation. 

In most of the mills five grades of copper are made. No. 1 is usually coarse copper, which is 
picked out by hand, either directly from the ore or from the mortar of the stamp when it is opened 
for repairs, and is called barrel-stuff, as it is packed at once and does not go through the washers. 
Some of the mines, as the Atlantic, have no coarse copper, so that all grades go through the mill. 
At the Atlantic each of the first four grades goes through the same treatment; on the washers 
they sometimes make sub-grades of one-half, one-third, one-fourth, etc., but this is not usual. The 
following table gives the quantity and yield of the different grades at this mill: 


No. 1 copper.90 per cent, ingot, 2 barrels, 1,600 to 1,600 lbs. 

“ 2 “ 80 per cent. ** 2 “ 1,200 to 1,600 “ 

“ 8 “ 60 per cent “ 1 “ 1,000 to 1,100 “ 

“4 “ .40 to 60 per cent “ 1 “ 1,000 to 1,100 “ 

“ 6 “ .86 to 40 per cent “ 1 “ 1,000 to 1,100 « 


During the year the barrel-copper yields 78 per cent, of ingot. The rock from the mine averages 
1 per cent, or about 27 lbs. per ton of rock. The cost of milling the rocks is 76 to 80 cents. 

F. H. M. (in part). 

MILLS, GRAIN. For the various processes of milling, see Milling, Grain. See also Millstones. 
The present article relates to the construction and arrangement of grain-mills, and the various forms 
of mills employed. 

Milling with Stones. — Noye'» Two-Bun Milly of which Fig. 8024 is a plan and Fig. 3026 an end 
elevation, is an example of good modem American practice in the construction of portable mills. 
The various parts and numl^ of revolutions are indicated as follows: Ay engine, 12 x 16 in., 140 



revolutions per minute; main driving-shaft, 140 revolutions; C, husk; i), upright smut machine, 
700 revolutions; Ey cylinder bolt, 80 revolutions; 1, pulleys driving stones, 140 revolutions; 2, pul- 
Ic3r8 driving upright shaft, 140 revolutions; 8, pulleys on spindles, 226 revolutions; 4, pulleys on 
upright, 144 revolutions; 6, pulleys on upright driving smut, 144 revolutions; 6, bevel-wheel up- 


Digitized by 


Google 









408 


MILLS, GRAIN. 


right driving line, 144 revolutions; 7, bevel-wheel on line, 40 revolutions; 8, cross-line driving ele¬ 
vator and bolt. The scale of these figures is 2 inches to the foot. 

Fig. 3025 shows on the right the com and feed stones, fed by a shoe and damsel. On the left are 
the wheat stones, fed by what is known as a silent feed. The grain first comes to the smut machine 
shown on the fioor above the stones, and is cleared and dusted if it be wheat, and if it be com it is 


8025 . 



simply raised and cleaned by a blast of air. The grain then is conducted to the stones and goes 
through the process of grinding. The com- and feed-stones are what are known as open stock,'* 
while the wheat-stones are ** close.*’ After the com comes from the stones it is put into bags and is 
ready for market; or if fine com meal is required, a sieve is used, and at times a bolting-chest The 
wheat after grinding is raised by the elevator and thrown into the bolting-chest where it is bolted 
and then put up for market. The plan view shows a system of reel-belt with tighteners. This system 



is claimed to have many advantages, the first being that one run of stones may be stopped without 
the others, by simply slacking the tightener-pulley. A small conveyer is shown on this plan and on 
Fig. 3026, which is a large-bladed screw that moves the flour from where it falls from the stones to 
the front of the elevator. 

7W-/2wn Mill in Portable Frame. —Fig. 3027 represents a two-pair, upper-runner, doublc-geai^ 
mill. The gears are of bevel-core pattern, the pinions having cut teeth and being fitted to the sleeves. 
A simple pinion-jack is attached to each pair, so that the pinion can be raised out of gear without 
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delay when it is desired to throw off one or both pairs of burrs and run the machinery. This figure 
also shows an upright shaft geared into the line under the mill, and designed to connect with the 
machinery on the floor above. 

Munson's Double-Geared MiU is represented in Figs. 8028, 8029, and 8080. A represents a cast- 
iron frame, on the upper part of which is a cylindrical shell B to receive the runner C. A horizon¬ 





tal driving-shaft D has a bevel-wheel E secured to its end, which gears into a bevel-pinion a on a 
spindle the lower end of which is stepped in a socket h. This socket is fitted within an adjustable 
box which rests upon a lever supported by a nut and screw, by which means the stones may be 
made to run at a greater or less distance from each other to vary the fineness of the flour. The 
spindle F is provided with a collar /, Fig. 8029, which is fitted within a box J of cylindrical form, 
concentric with the shell, and within it there are placed bearings h. The collar /, within the box Jy 
forms the bearing surface of the spin¬ 
dle. The tube K serves to supply the 
box with oil. On the upper end of the 
spindle F there is placed a clearer Z. 

Ibis clearer is form^ of two arms, ppy 
attached to an eye which is fitt^ on 
the spindle and secured thereto by a 
feather and groove. M represents the 
driver, which is fitted on the upper part 
of the spindle Fy and like the clearer is 
secured to the spindle by a feather and 
groove. P is a cast-metal cylindrical 
box, in which the upper stone Q is se¬ 
cure by set-screws. On the box F a 
hopper-frame B is placed, containing 
the hopper B and shoe /', which may 
be arranged as usual. 

Harrison'a MilU, — Figs. 8081 and 
3032 represent a standard heavy 20- 
inch mill, manufactured by Mr. Edward 
Harrison of New Haven, Conn., with 
which is combined a pedestal and tem¬ 
porary dressing frame, on which the 
stones may be dressed. The mill is thus 
rendered complete, and despite its high 
power is portable, requiring nothing to 
be built for it to rest upon. It is claimed that the grinding surface of this mill, at 1,400 turns per 
minute, is equal to three-quarters more than an old style 48-mch run at 175 revolutions per minute. 
The grinding capacity per hour is from 14 to 76 bushels, and the weight 1,250 lbs. Fig. 8031 shows 
the pedestal and case made in one casting, with a dressing frame bolted on and the burrs turned out 
upon it for dressing. Tlie frame is made in two parts, w’hich are fastened one on each side of the 
case by tap-bolts, the operation requiring but a few minutes. Mr. Harrison believes that no process 
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of milling can be perfect without the use of buhr-stones, and that such furnish the only proper grind¬ 
ing surface; that the stones should not be large and beary, or horizontally superposed, or run at low 
velocity, but that on the contrary they should be light, hung vertically face to face, and driven at 



the great Pesth WaUcnmuhUy the flour from which won the highest distinction at Vienna, were not 
more than 5 in. in diameter; the surfaces of some of them were traversed by numerous sharp furrows, 
or, which is the same thing, numerous sharp ridges parallel to the axis; others were smooth. Fife. 
8033 exhibits three pairs of rollers, one above another, in a set, showing how the grain, in passing 
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from one pair of flinders to the next, passes through an intervening body of air, and how the slight 
heat developed by the pressure between one pair of cylinders may be overcome by the cooling effect 
of the air through which it passes on its way to the next pair of cylinders. The smooth cylinders, 
revolving with uniform speed, if near enough together would crush the grain to flatness; if revolving 
with unequal velocity, the tendency would be to squash the grain; with grooved cylinders, the ten¬ 
dency is to indent and crack the grain where the velocity of the two cylinders is the same. Where 
the fluted or furrowed rollers revolve with unequal velocities, the action is frictional. The action 
depends as well upon their distance from each other as upon the character of their surface. If smooth 
cylinders are so far apart that the pressure is but slight, the berry will split open along the groove 
throughout its length, the two halves frequently clinging together, somewhat suggesting an open 
book; if the cylinders are nearer together, soft wheat will be flattened, hard wheat will be cracked 
into fragments, and the grits will be freer from bran than when obtained by grinding between stones. 
Fig. 3034 presents a proflle of the grooved surface of a roller of large diameter. The essential 
advantage of the Wah or cylinder milling is that the product is not heated; it is a process of cold 
milling. It is also to be remarked that there is no dust-flour produced. In the great Pesth Wahen- 
miJde^ under the direction of Dosswald of the international jury, the wheat, before attaining its last 
disintegration, pas^ throimh from 18 to 24 pairs of cylinders. 

In Wyngaert*8 journal. Die AfukU^ of December, 1874, and January, 1876, an account is given 
of an improved WalxenmuhUy the work of an Italian inventor, Wegmann, in which the cylinders are 
of porcelain and the space between the cylinders controlled by springs (formerly by levers and 
wei^tsX which, in the judgment of Wjmgaert, promises to be of great v^ue. Wyngaert says there 
b practically no heating of the product, and that the gluten retains its normal qualities; that the 
bru b subjected to no tearing process, but b flattened out, and the interior portion pressed away so 
that the middlinp-purifier b rendered unnecessary; that the yield of flrst flour is greatly increased; 
that the effect of the adoption of the porcelain Wahenmuhle on the low milling will be to change it 
to half-high milling; and the effect of it on high milling will be to reduce the number of grades of 
flour, a consummation greatly to be desired. Wyngaert sums up the advantages of Wegmannb 
porcelain-cylinder mill, as shown in a series of special experiments undertaken at hb instance and 
under hb direction, as follows: 1. It renders unnecessary the whole system of grits and middlings- 
purifiers. 2. It secures a larger proportion of clear, pure flour. 8. It makes it impossible to injure 
the quality of the flour in milling, fig. 8036 is a sectional view of the porcelain-cylinder mill, a a 
are the fe^-cylinders; h h, the porcel^n cylinders; c c, the scrapers with glass edge. 

The Ganz-Meekwart RoUer-Mill.^ln 1878 Mr. Andreas Hechwart of Buda-Pesth, Hungary, 
patented in England a new roller-mill in which the bearings are so arranged that the rollers may he 
remoTed separately and without the necessity of taking any other portion of the machinery to pieces. 
In order to cause the swing-rollers to exert the necessary pressure on the middle roller without trans¬ 
mitting that pressure to the bearings, their shafts carry on either side of the frame a small ring, on 
whidi a large hoop b sprung so as to embrace the two rings with the requisite pressure, while they 
cause the hoop to revolve by their rotation. When necessary the pressure exerted by the inherent 
elasticity of the hoop may be increased by causing a pulley, suspended from an oscillating lever, to 
bear against the inside face of the hoop with a pressure determined by the compression of a coUed 
or other spring or weight at the opposite end of the lever. 

Fig. 8086 represents an improved form of mill constructed in accordance with the foregoing 
principles. It embodies an arrangement by means of whidi all the pressures exerted on the rollers 
are resolved within the ring, the surfaces which transmit the pressures one to the other being made 
to roll one upon another, and hence no power is lost through friction. Here the middle roller-axle is 
famished alM with friction-wheels d, between which and the steel ring e a fourth friction-roller / b 
insert^ that toms on a bolt projecting from a toothed sector centred, or rather pivoted, on 
the middle roller-axle bearing, and gearing into a worm A*, which adjusts the position of the fric¬ 
tion-wheel f around the middle roller-axle; and since the ring-centre does not coincide with the 
axb of this roller, it determines the eccentricity of the ring, which again regulates the pressure 
exerted on the outer rollers or friction-wheeb d d. In order to provide a means for adjusting 
the pressure simultaneously on both sides of the machine, the bolt on which the upper swinging 
roller oec^ates b cranked, so that the lever g b moved upward, the axis of oscillation is advanced, 
and, sinoe the friction-wheel / on each side of the machine holds the rings from following, the 
pressure exerted by the ring b again increased, but in this case, as previously stated, simultane¬ 
ously on both sides. To neutralize the weight proper of the bottom roller, balance-weights are 
provided. The bolts on which the exterior rollers swing are set between horizontal and set screws 
air, and determine the parallel adjustment of the rollers, rigorous parallelism being of the utmost 
importanoe. The feed-hopper is of the usual form, but the feed on leaving the feed-roller is divided 
by narrow alternating channeb into two currents, one of which being led to the top pair of rollers, 
after being crushed, is delivered through vertical channeb in a cast-iron scraper, while the other half 
feed, traTcrsing channeb in the same casting, but alternating at right angles, or nearly so, with the 
first, is crushed between the lower pair of rollers. The driving-pulley b keyed on the mid^e roller- 
spii^le; and has to make 180 revolutions per minute. 

BHckhoU Cylinder-Mdl. —There has appeared in England a combination of the grinding and bolt¬ 
ing processes which b of much simplicity. The cylinders. Fig. 8087, revolve with unequd velocity, 
and are all set in motion by a single Urge cog-wheel MM, The pointed and purified grain b fed 
in between the highest pair of rollers A, to be cracked as it passes through into coarse fragments, 
and more or less flour, grits, and bran, which are received upon the inclin^ shaking-sieve where 
they are sorted, the grits and fine flour passing through to the trough P, to be discharged into the 
upright receiver P. The groats and bran pass on to the next pair of rollers, to be further re¬ 
duced to finer groats, grits, flour, and bran. Falling upon the second sieve, the flour and grits 
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pass through to the trough P, while the bran and groats pass on to the next pair of rollers, and so 
on until, the groats having been reduced to grits and flour, all the bran is collected in T P, and all the 
flour and grits in 8 8. The screw conducts the flour and grits to a bolt, where the flour is bolted 
off, and the remaining grits graded in the centrifugal machine. Fig. 8088. In this a small hori¬ 
zontal wooden disk on the vertical spindle P, is made to revolve at such a speed as will throw the 
semolina to the sides C of a cylindrical case D. The bran, being lighter, is not thrown so far, and 
hence falls into an inner annular division E of the case, while the flne dust falls into the centre com¬ 
partment P, and all are collected separately on a lower floor from the spouts. The speed of the disk 
A varies from 250 to 660 revolutions per minute. 

Milling by Disintegration, —^Thomas Carr’s disintegrating flour-mill is shown in Figs. 8089 and 
3040. It consists of a pair of circular disks, a and 5, rotating in contrary directions upon shafts 
d and e. The opposing faces of the disks are studded with a series of short projecting bars, 
arranged in successive concentric rings or cages, and the rings fixed in one disk intervene alternately 
between those fixed in the other disk, and revolve in the opposite direction. The grain is delivered 
down a fixed shoot g into the innermost cage, from which it is instantly projected through the ma¬ 
chine, being reduced almost instantaneously to the form of meal by being dashed from right to left 
alternately by the bars of each of the successive cages as the same rotate at very high speed. The 
machine is driven at a speed of about 400 revolutions per minute, and the outermost ring being 6 ft. 
10 in. in diameter, the last beaters have a velocity of 140 ft. per second. This is double the velocity, 
and consequently gives four times the force of blow, of the innermost ring of beaters, the force 
of the blow being proportionate to the square of the velocity. It is claimed that the whole power 
employed is usefully expended in pulverizing the material, excepting only the portion of the power 
absorbed by the resistance of the air to the rotation of the beaters. A machine of this kind 7 ft. in 
diameter has disintegrated 160 bushels of wheat regularly per hour. Kick’s Vienna report, after 
analyzing the work of this mill, gives it a secondary place as compared with the work of the high 
milling with runs of stone or the cylinder-mill. The cylindrical body to which the radial arms or 
beaters are attached should be of sufficient length to come within a few inches or so of the interior 
portions of the sides of the casibg. The case may, for example, be 4 ft. in diameter and 1 ft. long, 
the shaft which drives the interior mechanism passing through the casing on both sides. The mill is 
set after the manner of the Carr mill, but the delivery is sidewise and not circumferential. 

The Carr-Tvufflin Disintegraior ,—^This is essentially the same as the Carr apparatus previously 
described, the improvement being means for maintaining a vacuum within the case. The grain is fed 
into a hopper, and thence passes to a cylinder divided into several approximately air-tight compartments 
by radial partitions attached to a shaft passed through the centre of the cylinder, and caused to rotate 
by a pulley driven by a belt connected to the main driving-shaft. As each compartment is presented 
in turn to the aperture at the bottom of the hopper, it is filled with the grain or other substanqe to 
be pulverized or reduced; and as it continues to rotate, it carries the same round to the aperture on 
the top of the feed-pipe, into which its contents 
are discharged, while all air except that which 
is contained in the interstices of the grain or 
granules is effectually excluded. 

The Vapart DieinlegratoTy represented in Fig. 

8041, consists of three horizontal platforms 
keyed to a vertical shaft. The platforms are 
fitted with vanes placed radially. The shaft is 
supported below by a foot-step, and above by an 
or^nary bearing. The platforms are inclosed 
in a cast-iron cylindrical casing, fitted with two 
doors to give access to the interior. Between 
the platforms, and attached to the casing, hop¬ 
pers are fixed to deliver the material to the cen¬ 
tre portion of the platforms, and opposite the 
platforms serrated segments of chilli cast iron 
or steel are attached. The shaft and platforms 
are made to revolve rapidly, and the material 
is first delivered into the machine near the cen¬ 
tre of the first platform, where the velocity is 
low. It is then guided by the vane, and by cen¬ 
trifugal force is project^ violently against the 
first series of s^ments. The broken material 
falls by its own weight down the first hopper to 
the centre of the second platform, and is again 
thrown violently against the second series of 
segments, and afterward against the third, when 
the material finally falls out of the machine in a thoroughly disintegrated state. Two arms fixed 
under the last platform serve to keep the machine clear. The pulverized material can then be led 
away on a belt or otherwise, as may convenient. 

American Ditiniegraiing Proceeses .—The Carr disintegrating mill has been much improved by 
several American inventors, who have practically shown that grinding by disintegration maybe carried 
out, and, when such form of grinding is combined with the proper processes, can produce as good 
fiotir as any other system. The disintegrating mill as now made consists of a heavy iron casing like 
that of Carr, but within which revolves a solid short cylindrical body, to the periphery of which are 
attached 4 or 6 radially projecting beaters, the outer portions of which beaters revolve but a very 
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short distance from the interior of the circumferential portion of the casing. The grain is fed 
into the mill at the side as near the centre as possible, and is delivered also from the side as near 
the circumference as possible. This side delivery is very important, and is a great improvement 
over the circumferential delivery of mills like Carr’s. The grain being reduced has a tendency to fly 
away from the centre, whatever its size; and if the mill has a circumferential deliveiy, much grain 
only partly ground may thus escape. When the deliveiy is at the side, however, the particles are 
carried from their plane of motion only when small enough to be moved therefrom by the drcula- 
tion of the air through the mill So long as a particle of grain is of sufficient size and has weight 
enough to keep itself in its plane of motion^ it will not be deflected, but will remain in the mill, and 
a fuller reduction will take place; but so soon as it is small enough, the air^rrent will exert aforce 
upon it sufficiently powerful to overcome its tendency to continue moving in the same plane, and it 
will be delivered through the side opening at right angles to its previous plane of movement. By 
regulating the amount of air which is permitted to enter the mill, the fineness of the product may be 
controlled The stronger the blast, the coarser will be the product; the less the air, the finer the pro¬ 
duct. From one mill of this character the product is generally passed into another one moving more 
rapidly, and sometimes into a third moving still more rapidly; and in this way a gradual reduction 
is effected. 

Flour-Mill Performances. —^Messrs. Prescott, Scott & Co., of San Francisco, have deduced from a 
number of examples the following as the average performance of flour-mills in this country per 
single run of 4-foot stones: 


Number of revolutions of the stones per minute. 260 

Bushels of wheat ground per hour. 20 

Barrels of flour dressed per 24 hours.. 110 

Percentage of extra flour.0.68 

Horse-power per single run and dressing machinery. 45 

Pounds of coal-screenings per barrel. 45 

Cost of fuel per barrel in cents. 18 

Pounds of coal per horse-power per hour. 6 

Horse-power required to make one barrel per day. 0.5 


MILLS, GRINDING (FOR VARIOUS SUBSTANCES). There is a large number of mills of 
special construction designed for grinding paints, stone, fertilizers, and other substances. The vari- 


8042 . 



ous forms of grain-mills are utilizable for these purposes, and in the majority of cases ordinaiy stone- 
mills, or those constructed on the disintegration principle, are in fact used. It seems proper, however, 
to recognize as a distinct class those types of mill the use of which is confined to particular sub¬ 
stances, and does not extend to grain-grinding. Several examples of these machines are therefore 
present. 

BedUMUU are those in which the material treated is pulverized by heavy metal balls. Fig. 
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8042 represents an ore-grinder on this principle manufactured by the Lane & Bodley Company. It 
consists of a perforated cylinder surrounded by two screens, and containing a number of balls of dif¬ 
ferent diameters. Spiral conreyers are provided, which return the particles that are too coarse to 
pass the screens to the interior of the cylinder, where during the rotation of the latter they are again 
acted upon by the balls. The ore is moved forward through the hollow journals into the rotating 
cylinder by a reciprocating piston or plunger working in a feeding chute opposite one of the journals. 

fig. 3043 represents an excellent form of ball-mill used for the grinding of graphite. is a heavy 
iron saucer-shaped receptacle/having an aperture in the centre, across which extend arms, connecting 
it to the central shaft B, This shaft is rotated by the pulley shown in the direction of the arrow. 
Above the saucer is a disk C, in which are four recesses. In these recesses, and resting on the sau¬ 
cer below, are four 82-lb. cannon-balls; and 
attached to the middle of the disk is a sleeve 
D, inclosing the shaft and carrying a pulley, 
by which it is rotated in a direction relatively 
opposite to that of the shaft B, A casing sur- 
roonds the mill, and through this casing at 
its centre the graphite enters, emerging below 
through the funnel whence it is taken away 
by an elevator. When the graphite enters, the 
centrifugal force generated by the swiftly ro¬ 
tating parts throws it outward so that it may 
be at once acted upon by the balls. Wear by 
the latter on the disk is prevented by the steel 
pins F. It will be obvious that under this 
condition the heavier particles of the material 
will approach nearest the circumference, while 
the finer ones will arrange themselves in the 
order of their weights toward the centre. Con- 
secpiently the finest-ground graphite will always 
be that which is escaping from the mill, while 
the grinding parts constantly act on the coarser 
portion. The substance really, therefore, is 
ground but once, and there is no grinding and 
regrinding of already sufficiently pulverized ma¬ 
terial In this way the grinding operation is greatly facilitated, and at the same time the graphite 
is reduced to a degree of fineness unattainable in the ordinary forms of mill. 

Pig. 3044 represents the bulletrmill of M. Hanctin. It consists of a hollow cylinder, in the periph- 
eiy of which are holes which receive bullets as shown. The bullets are perfectly free to move, and 
are disposed in spiral rows. The cylinder is mounted on an iron axis, and is rotated within an 
inclosing cylinder, the ends of which are closed. The material to be ground is introduced between 
the two cylinders, and is pulverized by the action of the bullets. It will easily be seen that as the 
bullets are placed in spirals, there is no point of the interior of the envelope with which they do not 
come in contact, so that none of the material to be ground escapes their action. 

OaUMHU .—In the manufacture of oil from seeds, the first operation consists in separating them 




3044 . 


from all foreign matter, so that they may be perfectly clean and free from all sticks and dirt when 
fed into the crushing rolls. This operation is accomplished by passing them through a shaker, and 
then through an exhaust-fan in the same manner as for the cleansing of wheat. When the seeds 
have been thoroughly cleaned, they are fed into the hopper of the crushing rollers, which are illus¬ 
trated in Fig. 3045. The machine has two rollers of unequal diameters, which are set parallel and 
in the same horizontal plane. The bearings of the small roller are adjustable, so that the space 
between the two may be varied. A scraper bears against the lower side of each roller, and is kept 
in contact with it by a counter-weight. Over the rollers is set a sheet-iron hopper, with a feeding 
roller running through its middle. The amount of feed is adjustable by a movable plate regulated 
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by a Bcrew-bolt. Two Jarge pulleys on the shaft of the large roller, one tight and the other loose, 
give motion to the machine. The large roller drives the small one by spur-gearing at one end. 

After the seeds have been crushed, they are ground under a pair of edge-stones, the total weight 


3045. 
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of which is about seven tons. In fig. 8046, AA are the stones, running with their edges on a bed¬ 
stone. The bed is encircled by a curb P, which has a mouth i/, through which the meal of the 
ground seeds is discharged. Scrapers jF[ hung on the frame (7, follow the stones, and strike off the 

ridges into the path of the advancing 
stone. The stones run loose on a shaft 
P, which is held in a slot in the verti¬ 
cal shaft C. The shaft B can rise and 
fall in the slot, to accommodate itself 
to the varying thickness of seeds under 
the stones. Motion is transmitted from 
the motion-shaft B by the bevel-gearing 
J) to the upright shaft C. The seed is 
generally ground under the stones for 
about 25 minutes, at the end of which 
time it is ready to be transferred to the 
heating pans. 

Crwhing Mills for cements, phos¬ 
phates, coal, &c., are commonly made 
in the forms shown under Brkakkbs or 
Crushers. Edge-rollers of metal con¬ 
structed as shown in Fig. 8046 are 
largely employed in the preparation of 
chocolate and pharmaceutical products. 
An improvement on these machines has 
been devised by M. Ilanetin of Paris, 
and is illustrated in Fig. 8047. It con¬ 
sists in forming the surface of the rollers with deep channels or grooves, the salient edges of which 
alone perform the grinding. The rollers arc so placed on their arbor that the ridges formed in the 
material by one are immediately divided by the projecting edges of the other os the rotation con¬ 
tinues. The advantage of this arrangement is that the cutting edges constantly penetrate the mate¬ 
rial and prevent its caking, and also tend to distribute it evenly around the bottom of the receptacle. 

MILLSTONES. Ihe Slones .—The buhr-stone is a form of silica which occurs in great masses. 
Its texture is essentially cellular, the cells being irregular in number, shape, and size, and are often 
crossed by thin plates or coarse fibres of silex. The buhr-stone has a straight fracture, but it is not 
so brittle as fiint, though its hardness is nearly the same. It is feebly translucent; its colors are 
pale and dead, of a whitish, grayish, or yellowish cast, sometimes with a tinge of blue. 

The surface of the stone (Fig. 3048) is technically made up of the eye (n), the bosom (z), and Uie 
skirij or outer margin or edge. Dress is a system of lands and furrows, whereby the /cue or grinding 
surface of the stone is prepared, y, Fig. 8048, is a section of the stone dress, consisting of a Uceder 
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i and its branches. The grooves which expedite the grinding action are termed furrows^ and the 
level surface between the latter the lands^ x. v is the skirt furrow^ and the branch furrow nearest the 
eye of the stone is called the second furrow ^ u. Referring now to Figs. 3049 and 3060, which repre¬ 
sent a simple form of mill for purposes of explanation, a is the bed or stationary stone, b the run¬ 
ner or upper revolving stone. A pair of stones in running order is called a run of stones, d is the 
spindle or shaft which supports and drives the runner, e is the step or ink which holds the toe of the 
spindle, and is supported by the hridge4rce. The hush or upper bearing of the spindle is shown at y, 
and it is fasten^ on the bed-stone by keys A. The driver t is a cross-bar whereby motion from 



the spindle is conveyed to the runner, sockets or coffins in the eye of the latter receiving the ends 
of the driver. For poising the runner on the spindle the balance ryndj is used, and on the under 
side of this is the cock-eye to receive the spindle-point, or cock-head, o is the hoop or inclosing case 
of a run of stones; p^ the hopper or conveying trough; 9 , the conducting spout from hopper to eye 
of stone; and «, the damsel or projection on the in ill stone-spindle for shaking the shoe. The vdnrj 
1 is a strip of leather attached to the skirt of the runner to sweep the ground meal into the spout. 
The liffhterscrew 2 serves to adjust the relative distance of the grinding surfaces, and the husk 8 
is the supporting frame of a run of stones. 

Selection of Stone. —medium stone is preferable, not too porous or open, and neither extremely 
hard nor soft, and of medium grit. No stone will do good work which is composed of blocks of 
uneven quality. If a close stone is preferred, select one that has every block close alike; if an open 
porous stone is wanted, the same rule should govern; but in no case select a stone the openings or 
porous parts of which exceed one-tenth of the whole face. 

DresSt Width of Furrow^ and Draught * —For high grinding a dress is preferable in which every fur¬ 
row runs to the eye, and in no case should a dress be used which makes less than every other furrow 
a leading furrow. The depth of furrow should be three-sixteenths of an inch at the eye and onc- 
sixteenth to three-thirty-seoonds at the skirt. The depth, however, depends largely on the kind of ma¬ 
terial to be ground, the degree of fineness to which it is to be reduced, and the evenness it is to have 
on being discharged. Great care should be had in furrowing a stone, particularly bed-stones, to 
have all the furrows of equal depth and width at the eye; otherwise uneven work will result. As 
regards width of furrows^ they should be wide enough to insure the stone grinding perfectly cool and to 
discharge the chop free and round. With stones grinding on winter wheat, the furrows required are 
equal to very nearly two-thirds of the entire surface of the stone. The draught can be decided only 
when the dress to be put in, the amount of grain to be ground per hour, and the speed and diameter 
of burrs and quality of stone are considered. Mr. Gent states that with a medium close stone, 4 ft. 
in diameter, at a speed of 
130 revolutions per minute, 
to grind 5 j to 6 bushels per 
hour, every furrow leading 
to the eye, 3^ in. would give 
a fair result. With regard 
stone, the 
be a little 
below, so that the redstaff 
should touch the whole face 
and show heaviest at the 
skirts. Both face and fur¬ 
row should be as smooth as 
they can be made without destroying the grit of the stone. If the proper amount of wheat by actual 
measurement is being ground, and the stone heats and glazes, the remedy is to take it up and widen 
the furrow until it will grind the proper amount cool. 

Fig- 3051, from Kick, illustrates an approved form of groove, the arrow showing the direction of 
motion of the upper stone. It will be seen that the pulverized grain, as it accumulates in the trough 
ah will be pushed up along the surface 6 c to the summit of the finely-grooved land beyond, where 
it will be subjected to trituration till it reaches the next furrow, from which it will, as the furrow 


to the face of the 
ere-blocks should 
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• From report of J. F. Gent, previously quoted (page 897). See The Miller and Millwright^ 9. 
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fills, be forced out on to the succeeding land. The pulverized or ground grain is discharged from 
the skirt under the infiuence of the centrifugal force, the velocity of its movement increasing with 
the distance from the centre. This velocity may be checked by nearing the stones to each other, or 
by the conformation of the furrows toward the periphery. 

Fig. 8052 is a copy of the face of the stone of the Thilenius mill at Cape Girardeau, Mo., which 

produced the fiour exhibited at the 
Vienna Exposition. The stfine is 
4 ft. in diameter; cutting surface, 
13 quarters ; fine grooving (skirt) 
extends from 10 to 12 in. from the 
periphery, and has from 30 to 35 
cracks to 1 inch; bush, 10 in. 
square; spindle, 4 in. 

Fig. 3053 exhibits a grain of 
wheat about to be cracked and 
crushed by the movement of the 
upper stone. The motion from 
left to right will carry the frag¬ 
ments up the inclined plane to the 
land, where they will be reduced 
to a size determined by the dis¬ 
tance apart of the stones. 

Fig. 3064 represents Munson’s 
machine-balanced millstone. This 
is provided as shown with cast- 
iron eye and S-shaped driver. 
The engraving shows clearly the 
method of equalizing dress. 

The Redstaff and Proof-Staff, 
—^To obtain the best results from 
a grinding-mill, it is necessary that 
the cutting edges of the millstone 
be dressed to the greatest attain¬ 
able degree of truth. This is ac¬ 
complished by means of a piece of 
metal having a true and straight surface, and termed a paint- or redstaff, its surface being covered 
with a red paint which when applied to the surface of the stone will mark the projecting spots 
thereon. It is obvious that from contact with the stone the surface of the paint-staff soon gets out 
of true; hence what is termed a proof-staff is employed. This consists of an iron surface made aa 
true as possible, and kept for the sole purpose of a guide or proof-gauge whereby to true up the 
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paint-staff. A full description of the 
proper method of truing proof-staffs 
is given under the head of Planome- 

TEU. 

Milestone Fittings.— Therf-mwe/ is 
shown separately in Fig. 3055, and is 
placed as shown more clearly in Fig. 
3056 at A. Ily its rotary motion and 
irregular shape it vibrates the shoo, 
and so feeds the grain to the stone. 
Damsels are made with either three 
or four ribs. The four-ribbed damsel 
is u.sed for 4-ft. stones, and the three- 
ribbed for stones of 3 and 34 ft. di¬ 
ameter. The material is usually pol¬ 
ished cast iron. Wrought-iron 5-bcat- 
cr damsels arc also constructed, and 
for small stones a pipe damsel is em¬ 
ployed. The arched hridge-pot^ repre¬ 
sented in Fig. 3057, is used for strad¬ 


dling the driving-shaft when bevel-gear is employed. This same figure also shows the arrangemciit 
of the gokedever. 


Fig. 3056 shows the arrangement of an improved system of fittings constructed by Messrs. John T. 
Noye & Son of Buffalo, N. Y. A is the damsel, which is made with a tenon on its base, wHirfi fits 
into a mortise on the top of the bail so that it partakes of the motion of the bail. This bail is 


Digitized by ^ooole 





MILLSTOITES. 


419 


set into the stone, and is fixed. C is the driver, which is of cast iron or steel, as the case may re¬ 
quire. It has in its centre a slot, which is planed out so that true sides are parallel. Into this slot 
^e top of the spindle comes, and is seen in the figure finishing in a cone-shaped apex. The driver 
has also two lugs on each side about If in. apart, between which the bail slides. The “ cock-head ** 
is made of steel and set into the top of the spindle, in the same way that the steel toe is set in the 
iowqr end of the spindle, as shown in Fig. 3058. In Fig. 8056 the cock-head is made out of propor¬ 
tion in order to show it more clearly. This cock-head is received by the “ cock-eye,’* which is placed 
at the top of the under side of the bail, and in fact the weight of the stone rests upon these two parts. 
D is the spindle, which is made of cast or wrought iron as desired, a proper change being made in 
the diameter for each condition of the iron. At the base there is a steel toe fitted as shown in Fig. 
8058, on which the weight of the stones and spindle is supported. At E are back-lash springs, 
which receive the strain when the stones run ahead of the engine, and so prevent sudden jars cither 
in starting or by irregular feeding. These springs are of wood, and are bolted to iron arms which 
are keyed to the spindle. The wo^ springs are 

pressed against by the two pins Fy which are 8066. 8066. 

made fast to the pinion O, This pinion is held 
in its position by a ring of wrought iron which 
is supported by the two rods By and which are 
raised and lowered by means of the hand-wheel 
/, so as either to drop the pinion or raise it into 
gear by means of the lever Jy tightener-screw, and 
bevel-wheel K. Z is a movable part of the tram- 
pot called the ** oil-pot,” and is made to move in 
any direction by set-screws shown. The object 
of moving this oil-pot is to keep the spindle 
plumb at all times. The bottom of this oil-pot 
is made of steel to prevent wear. 

Fig. 3058 represents a hollow-head spindle 
used for upper-runner portable mills. The grain 
is fed from a hopper and shoe by means of a 
stationary tube through the head of the spindle, 
and falls upon the face of the bed-stone, upon 
which it is distributed by the centrifugal force 
of the spindle. This serves to prevent the grain 
and other stuff ground from hanging in the eye. 

BUl-Picks are usually made of cast steel hard¬ 
ened and tempered in anthracite forges. If the 
tool is of English steel, it should be forged at a 
moderate red heat, but not hot enough to scale. 

It should not be hammered after it has lost its 
redness. Heat to a low red heat; then for hard¬ 
ening dip the tool in salt water slightly tepid, 
and temper it to a brown. If American chrome 
steel is used, heat to a yellowish color for forg¬ 
ing, to a low red for hardening, and quench right 
out. Mill-picks should weigh from 2 to 8 lbs., 
and in grinding them the pressure should be 
moderate and plenty of water should be used. 

Do not grind to a feather-edge. Figs. 3059 and 
3060 represent Noye’s improved pick and hold¬ 
er. A is a hollow cylinder having both ends 
dosed, and is slightly oval, the longer axis be¬ 
ing in the direction of the handle. From one 
side of the shell of this cylinder is cast a suit¬ 
able socket for the reception of the handle, and 
midway on the circumference, between the socket 
and the point opposite, are formed slots for the 
reception of the pick C as shown, the upper one 
being smaller than the lower one, to correspond 
to the taper of the pick. Before the pick is in¬ 
serted, two semidrcular blocks of wood, By arc put in through the lower slot. These are secured by 
a small rivet, but are left free to move their inner straight face, accommodating themselves to the 
taper of the pick, whatever that taper may be; when the latter is inserted it thus holds picks of vari¬ 
ous tapers securely and firmly, and at the same time can be adjusted to any desired bevel to suit the 
operator. In using the holder, the pick is placed between the blocks and adjusted to the desired 
bevel. The hand being placed on the pick, a light blow is struck on the stone, and the holding of 
the pick is thus secured in the desired place. 

Ventilation of MUUiones. —The ventilation of millstones aims, by means of introducing air be¬ 
tween the grinding surfaces of the burrs, to keep the chop cool and prevent injurious heating. The 
ventilation can be accomplished by forcing in or sucking out the air between the grinding surfaces 
with the help of a forcing or exhaust ventilator; or channels may be employed in the runners, 
which, narrowing from above downward, penetrate the stone in a diagonal direction, end in a slit on 
the surface of the stone, and, by the movement of the burr, introduce air between the faces; or, 
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lastly, it is sought to introduce the necessary quantity of air by means of pretty deep furrows on the 
face of the burr. The short furrows also serve this purpose in part, and are rightly called air-furrows. 
The quantity of flour produced is said to be largely increased by ventilation. The Tarious kinds of 


8067 . 8058 . 



ventilation are as follows: 1. The introduction of air by means of a pumping ventilator into the eye 
of the runner, and thence between the grinding surfaces of the burrs. 2. The use of suction venti¬ 
lators, by which the air is exhausted from the eye of the runner toward the skirt. This arrangement 
requires that the apartment about the burrs be air-tight, and open at the eye of the runner, and the 



discharge spout must be air-tight. 8. A combination of exhaust and pumping vcntOators. 4. The 
introduction of air between the grinding surfaces of the burrs by means of air-channels or slits in 
the runner. Ventilation by mingling a current of air with the pulverized grain tends to restore the 
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normal temperature. This principle is applied on a larger scale after grinding, where mechanical 
appliances are introduced to stir the meal and continually bring fresh surfaces in contact with the 
air. The familiar hopper-boy, which is a sort of great rake, so operated as to stir up a layer of 
meal of moderate dep^, is largely used for this purpose. 

Diamond MiUstone^Dressert .—Numerous machines have been constructed for dressing millstones 
by the aid of the black diamond or carbon. (See Diamond.) A machine derised by M. Millot of 
Zurich, Switzerland, has a rotating cutter, which mores forward and back. When it has completed 
its trarel in one direction, a ratchet-wheel advances one tooth, and the machine operates so as to 
present a new surface of the stone to the action of the diamonds. The cutter-head revolves at the 
rate of 12,000 turns per minute. The diamond-points work in oil, and the adjustment is such that 
they always fall into the old series previously cut. But very little power is required, and a simple 
cord serves for its transmission. It is also stated that stones dressed by this means will last longer 
than hand-dressed stones. (See Scientific American^ xxxv., 883.) 

In another machine in which diamonds are used, the stone is clamped on a face-plate, and the tool, 
containing eight diamonds and revolving 8,600 turns per minute, is mounted on a carriage, which 
travels on slides across the face of the stone. Means are provided for revolving the stone so as to 
present different portions to the action of the tool. 

Fig. 8061 represents Griscom^s diamond millstone-dresser in section. It consists of a plain cast- 
iron bed, upon which a carriage supporting a black-diamond-pointed tool is fitted in guides, which 
allows it a stroke the length of a land ; and to this carriage is attached an automatic device which 
feeds the diamond-pointed tool each stroke until the width of a land is traversed. It is then quickly 
set back to its original po¬ 
sition by means of a coarse 
screw, and is again ready to 
work. The depth of the cut 
is regulated by a screw at¬ 
tach^ to the tool. A is 
the adjustable plate, shown 
encircling the stone in Fig. 

8062; B is the bed-plate; C, 
the lower carriage; i), up¬ 
per carriage; feed-screw; 

(?, feed-screw stand; My 
ratchet - lever; Ky ratchet- 
wheel; Ly crank; IF, clip; 

Qy diamond-post; 8y wheel 
to raise and lower the dia¬ 
mond. 

Fig. 8062 represents a 
combined furrow-dressing, cracking, and facing machine, so constructed as to take a millstone out of 
wind and keep it in face. The base-plate consists of a ring turned perfectly true, which rests on the 
face of the burr, extending nearly around its whole circumference. The device for furrow-dressing, 
cracking, and facing is fitted to this ring base-plate rigidly, and yet is adjustable, and the diamond cut¬ 
ter is made to work true with the face of this base-plate. The extended bearing this base-plate has 
on the face of the burr prevents the machine from being affected by any local elevations or depres¬ 
sions in the millstone, and hence the action of the machine brings the stone to a true level or face. 

MINE APPLIANCES. (See also Rock-Drills, and Blasting.) 

Mining Pick *.—^There are three principal types of picks in use among the miners of the Pacific 
slope: the “ surface-pick,” or ordinary excavating pick. Fig. 8063; the drifting or quartz pick. Fig. 
3064 ; and the poll-pick. Fig. 8066. There is also a coal-pick. There are two forms of surface- 
pick, the round-eye and the flat-eye. The first weighs from 4 to 7 lbs.; the 6-lb. pick, which is 
about 27 in. in length, being that commonly employed. The round-eyed pick is generally used in 
surface or placer mining, and is probably the most convenient tool for that work. The flat-eyed pick 
is preferred for sluicing, as it does not spatter the water so much as the round-eyed. The heavier 
picks of these styles are used chiefly in grading 

and heavy digging in bed-rock. 8063. 

The m^ium-sized quartz-pick is 24 in. long, 
and its weight is from 8F to 6 lbs. The small 
sizes are used chiefly in contracted narrow drifts, 
where there is not much room to swing the 
tools, and also in working out the gouge or 
selvage from quartz veins. The larger sizes 
are mostly used in drifts where there is plenty 
of room, and in pulling down rock. The “ poll- 
pick ” is a favorite form with miners, since it 
combines the long, sharp point for driving and 
a hammer-head for striking and breaking the 
rock or driving gads. It is a pick and hammer combined. The medium size, weighing 6 lbs., and 
about 16F in. long, is most in use; but the weight varies from 4 to 7 lbs., some miners preferring 
the largest size. Such picks are made stout and strong. The hammer end or head in the medium 
size is 3^ in. long and the point about 10 in., the eye being 8 by 1 in. These various styles of picks 
are made of the best quality of iron and steel. The handles are made of white hickory, and usually 
86 in. long for the surface picks and 84 in. for the drifting and poll picks. 
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Kibbles and Buckets .—^When a suitable location has been selected for sinking a shaft, either for 
prospecting or for developing a gold or silver ore body, the extent of which is already known, and 
ground has been broken, the rock and materials are brought to the surface in a CTomish kibble, 
shown in Fig. 3066, which is also used to lower and raise the miners to and from their work. It is 
the simplest form of mining bucket adopted, and, while giving satisfaction to those operating through 
a vertical shaft, is especially designed to follow the irregular inclination of the vein after it has been 
penetrated by the vertical shaft in the ordinary process of sinking, and before developments have 
progressed far enough to warrant the introduction of more complete and expensive appliances. 
Where the shaft is vertical continuously, a rock-bucket. Fig. 8067, is used. To diminish the wear 
and to assist in passing obstructions, heavy bands, sometimes of steel, are put around them. Both 
the kibble and rock-bucket are made of boiler-plate iron with a heavy bail at top and ring at bottom, 
to facilitate handling and discharging. 

Where it is desirable to save time and power in operating through shafts of various inclinations, 


3068. 3069. 



a skip of the design shown in Fig. 8068 is frequently selected. It is fitted with wheels to run on 
guides and a door for discharging. 

Safety-Cage. —^Fig. 8069 shows the style of safety-cage most generally adopted, aoare safety- 
catches, which are held in position by the weight of the cage, but released and forced into the wooden 
guides by heavy steel springs the instant connection between the rope and cage is broken. £ is 
the hood to protect the miners from small particles of rock and ore that may accidentally fall into 
the shaft. C is the car and E the rope. A second cage 2> is frequently attached to the first, as 
shown, making what is known as a “ double-decker; *’ and sometimes a third is added, making a “ triple¬ 
decker.” Fig. 3070 shows a swivel dump-car which is commonly used in connection with the safety- 
cages for removing, at a single handling, the ore from drift or slope in the various levels of a mine 
directly to the ore-bin of the quartz-mill. When water is struck, it is removed from time to time 
by a water-bucket, which is attached temporarily to the same rope through which the hoisting of 
materials is effected. For a light flow of water the bucket shown in Fig. 3071 has been found to be 
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Teiy serviceable. A is the bucket and B the valve, which is forced open by the upward pressure of 
the water when the bucket is lowered into the sump, and raised by the handle for discharging when 
the surface has been reached. As soon as the flow of water becomes strong enough to interfere 
with the progress of sinking, a much larger, stronger, and more effective bucket or tank is intro¬ 
duced. In the tank shown in Fig. 8072 the inlet-valve C at the bottom opens and closes automati¬ 
cally, while the discharge-valve JJ on the side is controlled by a rope or chain passing over a pulley 
at the top. Later in the developments of the mine this bucket can be used to keep down the water 



while the pit-work is being put in place in the pumping compartment of the shaft, or while repairs 
to the same are being conducted. To accomplish this without decreasing materially the out-put of 
ore, the water-bucket is sometimes attached to the bottom of a safety-cage, as shown in Fig. 3073, 
which gives the disposition when operating through a shaft slightly inclined. 

To facilitate operations in sinking vertical shafts to great depths through rock where the location 
and extent of the vein are known and large quantities are to be raised, the Requa self-dumping skeet, 
Fig. 3074, was designed. As the skeet reaches the surface, the latches on either side are rais^ auto¬ 
matically ; the wheels, shown at one side, are forced to pass between incline-guides, and the skeet is 
tipped sufficiently to discharge into a chute leading to the rock-dump. As it begins its descent, the 
wheels force it back into position, the latches fall, and the skeet is quickly dropped to the bottom 
to be reloaded. 

Safety-hooks for detaching the rope from safety-cage, rock-bucket, water-bucket, or skeet, when, 
through carelessness or accident, they are carried in their ascent apart from the landing at the sur¬ 
face, and toward the sheave set in the gallows-frame overhead, are shown in Figs. 8076 to 3079. The 
principle upon which they operate is essentially the same. If in passing through a ring set in the 
gallowa-frame the connection between bucket or cage and rope is broken, the latter passes on to the 
reel of the hoisting engine, while the former is held where it stopped by the safety-catches. 

Mining HoisU ,—^The mechanical devices that have been resorted to for raising ore from mines to 
the surface are as numerous as the conditions they are designed to satisfy; but by grouping together 
those that possess the same general features, they can all be referred to a few special t 3 rpes. 

An expert, who is called upon to decide what class of hoisting machinery is best adapted to the 
wants of any particular mining community, at the outset will provide himself with an inexpensive 
prospecting apparatus that wiU enable him, by the usual methods of sinking and drifting, to insti¬ 
tute a series of imderground explorations to determine the width and extent of the vein, as also the 
character and value of the ore. Possessed of these facts, he will adopt such a practice as the devel¬ 
opments would seem to warrant If permanent works are decided upon, the special type of hoist 
selected is modified in detail according to the depth and size of the ore-body and other local require¬ 
ments. When ground is first broken for sinking, a common windlass is generally set over the shaft, 
and the kibble or rock-bucket raised or lowered by one or more men. If horse-power is preferred, 
the hemp or wire rope, as it emerges from the shaft, is carried on to the sheave, set in a strong gal¬ 
lows-frame directly overhead, and thence around a vertical drum operated by one or more horses. 
In the horu-whim^ Fig. 3080, A is the drum, B the rope, which is attached at the lower end to the 
kibble or bucket, and C the point where the power of the horse is applied. 

When a depth of 200 or 800 ft. has been reached, man and horse power are abandoned and steam 
substituted. According to the developments, a selection is now made, from a great variety of hoists, 
of one that is best suited to satisfy all the demands likely to be made upon it. If, as is the case on 
the Comstock lode in Nevada, the location and extent of the vein have been fairly determined al¬ 
ready, and the depth to which exploitations will be carried has been decided upon, permanent hoist¬ 
ing works are immediately erected. If, however, as is more common, nothing of sufficient value to 
warrant the introduction of heavy and expensive machinery has been revealed, the simplest form of 
hoist is adopted. It may consist of a vertical link-motion engine, connected to a drum for round 
rope by a set of intermediate gears, as shown in Fig. 8081. Here A is the engine, B the drum, F 
the fly-wheel, and P the foot-lever. Where fuel is expensive and economy is sought, high-pressure 
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steam is used, and advantage is taken of its expansive properties by a suitable cut-off. A much 
higher duty is secured by following the modern practice of workiug two engines, with their cranks 
set at right angles, through one crank-shaft. For light loads and depths not to exceed 600 ft., the 
fiiction-geared hoist has grown into considerable favor at the East, but much less so at the West. 

For a single couapartment the disposition shown in Fig. 8ub2 has proved most satisfactory. A A 


8081. 




are the engines, the drum, C the friction-jiinion, D the wheel, K the brake-ring, and FF the 
sliding boxes. It will be noted that the friction-wheel is east with the drum aiul brake-ring, and is 
forced squarely forward to gear with the pinion, by a series of levers operating with e(jual force 
upon ‘both sliding boxes. Through a system of hand and foot levers, the maehincry is brought 
under the complete and easy control of the engineer, who lowers the bucket with the brake, while 
the engines are at rest. I)y in- 
creasing the power of the en¬ 
gines and adding more drums, a 
number of pits or shafts, located 
some distance apart, can be op¬ 
erated quite economically. Ky 
nieans of a governor the engine 
may be controlled automatically, 
and, while running continuously, 
adjust the cut-off to suit the load. 

In new districts, where it is 
necessary to do considerable 
prospecting before any definite 
knowledge of the ore-deposit 
can be obtained, a boiler of the 
locomotive type is attached to 
the same frames as the engines, 
and the whole made as light and 
(impact as possible for mov¬ 
ing rapidly from place to place. 

Fuch is the semi-portable hoist 
shown in Fig. 3083. A is the 
lx)iler, N N the engine-cylinders, C the crank-shaft common to both, and D D the drums. A pin E 
in the gear-wheel admits of connection to pumps if necessary. The drums are not keyed on to the 
shaft, but are brought into action by their respective clutches, which slide on feather-keys, and can 
• • tbra be used separately or together as desired. The brakes are set by levers placed convenient to 
the engineer. 

By the use of separate buckets in a two-compartment shaft, or better still by the introduction of 
safety-cages, a much more economical system is secured. If this latter is effected, the ore can be 
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loaded directly into the car at the end of a drift, run to the shaft, placed upon the cage, hoisted to 
the surface, and dumped, all at one operation. With either buckets or cages, the best results are 
obtained by winding the ropes on the drums in opposite directions, the one over and the other 
under, whereby the weight of the light descending cage is utilized in raising the loaded one that is 
ascending in the other compartment. Where the workings have attained a greater depth than 800 

or 1,000 ft., and the ropes and 
8068. attachments arc increased mate¬ 

rially in weight, larger engines 
are brought into requisition. 

When this point has been 
reached, the further use of a 
round rope is fraught with so 
many difficulties, that it has been 
almost entirely abandoned in this 
country. The objections urged 
against it can be summed up 
briefly as follows: 1. A round 
wire rope, in winding upon itself, 
is rapidly destroyed by chafing. 
To avoid this, drums of a face 
sufficiently wide to coil from 1,000 
to 4,000 ft. must be employed, and 
regular grooves turned spirally 
for the reception of the rope. 2. 
In winding upon a drum of small 
diameter, the strains upon the in¬ 
dividual strands are so irregular 
that they soon give way. To over¬ 
come this, drums of a large di¬ 
ameter must be designed. 8. In 
passing from the overhead sheaves down the shaft, each rope must occupy a central position in its 
own compartment. This allows no lateral motion to the sheave, and forces the rope to leave and 
wind upon the drum at an angle that is continually increasing the instant the middle of the drum is 
passed, and a tendency on the part of the rope is created to leave its groove, climb the incline that 
separates the respective layers, and chafe and wear away. 4. In case the former objection is removed 
by erecting the drum at a considerable distance from the mouth of the shaft, and thereby decreasing 
the angle referred to, a new one arises in the increased sag and sway of the rope between sheave 
and drum. This introduces irregular strains, and prevents the engineer from landing his cages or 
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giraffes with the accuracy necessary for rapid working. 5. In districts where the surface of the 
country is very much broken, or where for various reasons but a limited space can be reserved 
directly about the shaft, a serious objection to the round-rope plant arises on account of its size. 
6 . The round rope cannot be removed from its drum, cleaned, and repaired with the same facility 
that a flat rope can. 
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There are at present (1879) but three instances where round ropes are in use in this country for 
hoisting from very deep levels. At the time they were introduced, flat ropes were looked upon with 
suspicion, as they had not then been tested for any great depth. Coupled with this was the fact that, 
for a given length and an equal load, the round rope was discovered by experiment to be the light* 
est, which is readily explain^ by the difference in their mode of construction, the strands being care¬ 



fully wound together in the round rope, while in the flat rope they are simply placed parallel and 
secured to each other by cross-wires. This matter of the amount of dead weight hanging in the 
shaft was considered a very important one. In two of the three cases noted, the vertical shafts 
had penetrated to the foot-wall of the vein, and as the safety-cages could not follow down the incline, 
the present plants were designed to operate a single giraffe each from the bottom of the incline to 
the foot of the vertical shaft, where its load could be transferred to the safety-cages. To accomplish 
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this without affecting the previous hoisting arrangements, the new round rope, carrying the giraffe 
at its lower end, was hung in one comer of the pump compartment. This experience has developed 
a practice in America which is widely different from that adopted in England and on the continent of 
Europe, where round rope is in great favor. 

In following out the practice of preferring flat ropes, geared engines, as shown in Fig. 8084, were 
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first used. As will be noted, the loose pinions on the engine-shaft are brought into action by their 
respective clutches, allowing the reels to be used separately or together. The practice of balancing 
the cages by winding the ropes upon the reels in opposite directions has been pretty generally 
adopted with this type, and with most economical and satisfactory results. In the figure, A A are 
reels for flat wire rope; BB, brake-wheels; C Cy spur-wheels; 2)2>, clutches; and BE, brake- 
straps, by which the motion of the engine can be regulated at will, or the cages lowered independently 
of the engine. While this style of hoist has done good service in the past, and will no doubt prove 
satisfactory in the future under certain conditions, the fact that speed is sacrificed to power by the 
intermediate gearing would not recommend it for rapid or extensive workings. 

When large ore-bodies have been discovered at depths ranging from 1,000 to 4,000 ft. from the 
surface, and it becomes necessary to remove them with the greatest expedition, the direct-acting 
hoist. Fig. 8085, is employed. In this design, the heavy gearing of the previous type and the friction 
arising therefrom are avoided. The reels are placed upon the engine-shaft, and brought into action 
by clutches sliding on the same and operated by clutch-levers. The practice of working the cages 
together and balanced, by winding the ropes upon the reels in opposite directions, is followed out. A 
single engineer and brakeman control all the movements of the cages, the engineer landing the as¬ 
cending one and the brakeman the descending one continually. The greatest leverage is secured at 
the moment of starting the load by winding the rope on the empty reel, and this decreases with the 
dead weight as the rope winds upon itself. In deep mining this dead load will vary from 8,000 to 
7,000 lbs., according to circumstances. The cages sometimes attain a speed of from 4,000 to 5,000 
vertical feet per minute. In the figure, A is the reversing lever; By the throttle-lever; C ( 7 , the 
clutch-levers; D Z), dials carrying pointers driven from the engine-shaft to indicate the exact posi¬ 
tion of the cages in the hoisting shaft at every part of the run. As far as our experience goes, this 
type of hoist combines the greatest power with the most rapid and economical working, over 1,200 
tons of ore having been taken out through a two-compartment shaft in 24 hours by a single hoist 

When it becomes necessary to sink a small shaft or winze from a point in a drift, the rock is 
raised to the level of the drift by a small engine known as the baby-hoist. Fig. 8086 represents a 
style of engine most generally used for this purpose, having two cylinders working through the same 
crank-shaft. The engine is made to take up as little room as possible, so that it may be placed on a 
car and dropped down the shaft, or moved from one part of the mine to another. F. H. McD. 

MINING. Mines are excavations made in the earth for the extraction of minerals. When the 
material to be extracted is a rock of any kind, the excavation is known as a quarry. Sec in this 
connection the following articles: Air-Compressors, Blasting, Blowers, Breaker or Crusher, 
Excavating Machinery, Explosives, Fuses, Lamps, Pumps, Quarrying Machine, Rock-Drills, Tun¬ 
neling, and Well-Boring. 

Access to mineral deposits for permanent exploitation is established, first, by suitable wagon or 
tram roads on the surface, and secondly, by either stripping the overlying rock and soil from the 
deposit itself, as is done in quarries, clay-banks, and some iron mines, or by sinking a shaft or running 
a drift or cross-cut from the surface into the deposit. In the case of beds or veins which dip at a 
convenient and uniform angle, the shaft may be carried down upon the deposit itself, and is then 
usually called a slope or an incline. For less regular deposits, and for those in which the angle of 
inclination is inconvenient or variable, or the vein-matter is too valuable to permit the leaving of it 
in pillars to protect the shaft, it is better to drive a vertical shaft at some distance from the outcrop, 
in the hanging wall, so as to strike the vein at a considerable depth. A gallery run from the surface 
in a nearly horizontal line, to effect access and drainage, is called an adit, or entry; and in some 
situations, as at the base of steep hills, this may be made the principal feature at the mine, the main 
workings being carried on through it until the vein is exhausted above its level. Sometimes the 
nature of the shafts permits the opening of mines at different levels by means of adits. 

Shafts. —Sinking shafts in sound roek is commonly performed in this country by the ordinary 
operations of drilling, blasting, and quarrying. Shafts are usually laid off in three, sometimes in four 
compartments, for systematic operations with the most approved appliances. The largest compart¬ 
ment is given up to the pit-work of the pumps; the others are fitted with guides which extend 
throughout the whole length of the shaft, and hold the safety-cages in position as they ascend and 
descend. The shape of the shaft is maintained by timbering and planking, as shown in Fig. 8087, 
in which A is the pump-shaft, B B the hoisting shafts through which the safety-cages move, and C 
is the hoisting shaft through which the incline is reached and operated. J) represents timbers 14 
in. square, framed together and placed 6 ft. apart from centre to centre throughout the entire length 
of the shaft. E is the lining of 4-in. plank, is the filling, and y are the guides for the cages. 

Boring Shafts ,—In France and Belgium important advances have been made in boring shafts by 
the aid of tools of immense size, weight, and strength, actuated by steam-power. The most striking 
feature of this system, next to boring, is that the work is executed and the shaft is lined without 
pumping the water out of the excavation. The sinking proceeds under water, and the shaft is not 
drained or entered by miners until it is completed and lined from top to bottom. 

T/ie Kind-Chandron Process is one of the latest and most improved systems of shaft-boring. The 
principlal tools used are the following: The trepanSy the object of which is to disintegrate &e rock 
by concussion. These are attached to the extremity of a series of wooden rods with iron armatures 
and screw ends, fastened to the extremity of a balance or striking beam, put into motion by means 
of a single-acting or bull engine worked by hand. Sand buckets, which are large plate-iron cylinders 
with valve-bottoms and handles, which allow of the dumping of their contents, are used to dr^ge the 
dirt and slu.sh from the bottom of the shaft as the work progresses. Shafts are bored by the Chau- 
dron process in two and occasionally in three successive operations. The first bore is made by the 
small trepan, generally about 4|^ ft. in diameter, through which the detritus is extracted until the 
final completion of the shaft. This first bore is then widened by the use of the large trepan. The 
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apparatus employed in case of accidents or of special emergencies comprises a safety-hook, a grap¬ 
pling forceps of very ingenious construction, and the fanchere (fangsheer) or holding nippers. The 
small trepan is formed of two distinct portions—the blade and its stem. The first is made of a 
solid block of forged iron, into the lower portion of which are inserted a number of steel or of 
chilled teeth of a wedge-like shape, held in place by conical keys. The stem is attached to the blade 
by another set of strong keys, and to the suspension appliances by means of a sliding box. This 
last is a very important part of the apparatus, as without it the violent vibrations transmitted by 
the concussions of the trepan on hard rock would inevitably rupture the connecting-rods at every 
blow. The weight of the small trepan varies according to the work to be done ; that exhibited at 
the Centennial Exhibition in Philadelphia weighed 15 tons. In trepans at first constructed by 
M. Kind the upper portion of the central stem was threaded to receive a screw which united to the 
slide; but this arrangement gave much trouble and soon got out of repair, and has subsequently been 
replaced by an adaptation consisting of two plates keyed permanently to the stem, replacing the 
male portion of the older model. The large trepan, employed for widening the bore made by the 
small trepan, consists also of a ponderous forged iron blade, carrying teeth at its two extremities, 
and a V-shaped guide, of the diameter of the small bore, situated in the central or toothless portion. 
The blade is united to the central stem by three arms strongly keyed. The weight of this tool as 
made at present is about 25 tons. 

The whole apparatus employed in sinking and tubing a mining shaft by the Chaudron process is 
operated by means of two engines, the one destined to raise the trepans during the act of striking, 
the second to work a capstan which is used in lifting and lowering the various tools and the tubing. 





We refer practical engineers for minuter details to M. Chaudron’s able papers entitled “ Foncage 
des Poits k Niveau plein,” published in the “ Annals of Public Works ” of Belgium, and limit 
ourselves to the reproduction of drawings of the apparatus used, in Fig. 8088. No. 1, sand-bucket 
or dredging apparatus. No. 2, safety-hook for lifting the trepans and their connecting-rods in 
case of rupture of these last. No. 3, grappling-hook for extracting blocks of rock, detached teeth 
from the trepans, etc., from the bottom of the shaft. No. 4, fanchere, replacing the safety-hook in 
the event of a rupture of the main stem, or of that of one of the rods below the prominent collar 
at its head. No. 5, small trepan used at L’Hbpital for the first bore of 1.87 metre diameter. No. 6, 
small massive trepan for the same purpose, but in hard rock. No. 7, widening-trepan with a double 
blade, used in the air-shaft for a diameter of 2| metres. No. 8, large trepan for hard ground, 
central guide occupying the bore previously made by the smaller tool, and maintaining the apparatus 
in a central position. No. 9, large trepan for boring diameters of from 4.10 to 4.25 metres. No. 10, 
large trepan, made by adding a blade to trepan No. 7. No. 11, new form of trepan proposed by 
M. Kind for diameters of 0.70 to 1 metre through hard rock. No. 12, trepan for a first widening of 
the shaft to 2\ metres in diameter. No. 13, large trepan for shafts of 4.20 metres diameter, with 
teeth arranged on an incline so as to direct the debris of rock to the centre. No. 14, small trepan 
for bores of 1| metre in soft ground. No. 16, large trepan for widening the above in soft ground. 
No. 16, kibble for receiving debris, proposed to be suspended in the shaft during the work of widen¬ 
ing. No. 17, vertical section of the moss-box as fitted to the tubing of shaft No, 2 of L’Hbpital. 
A Ay internal cylinder,.carrying a flange at the bottom, forming the wall of the moss-box. This cylin¬ 
der is suspended by means of six screw-bolts, which allow of its gliding on them as guides during 
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compression. By first section of the tubing, which carries an outer flange and forms the other wall 
of the moss-box. S S, sheet-iron segments, which pi'css on the moss and prevent exclusive vertical 
compression of the same, i/, moss contained in the joint before compression. No. 18, assemblage 
of the parts which constitute the lower end of the tubing. This portion alone is lowered to the sur¬ 
face of the water before the series of rings of the tubing are adapted successively to it. A A, inter¬ 
nal wall of the moss-box. B By first section of the tubing, forming the outer wall of the moss-box. 
C Cy second section of the tubing, which carries the false bottom and eventually floats the whole 
column. D 2>, third section of tubing, with the suspension flanges which attach to the guide-rods for 
the maintenance in a vertical position while sinking. FFy central pipe, adapted by its lower end to 
the false bottom, and which is carried to the top in successive Icn^hs along with the outer tubing; 
water being allowed to penetrate by means of suitable cocks inserted at various heights in this 
tube, permits of the gradual and simultaneous lowering of the whole casing independent of its weight. 
When this has reached the bottom, and the moss-box has closed by compression, the water is pumped 
out of the shaft, and the false bottom and central tube extracted, after which the permanent founda¬ 
tions are established. Before, however, the water is taken out of the shaft, a coating of concrete 
is introduced between the tubing and the outer walls of the shaft, and permitted to harden there. 
The shaft is now found to be perfectly tight in all its parts, if the work has been properly conducted. 
No. 19, foundation for the tubing as established at L’HOpital. No. 20, the same for the shaft of 
8ainte-Barbe. No. 21, special ladle for the introduction of the concrete. This tool is furnished with 
a movable bottom, connected to a piston-rod in such a way that pressure on the latter causes the evac 
uation of the contents. 

The expense of sinking shafts by this system is always lower than by the ordinary method of min¬ 
ing in all cases where the use of at least two pumps of a diameter of 0.55 metre would be needed 
in the latter case, but it varies according to the nature. The duration of the operation is considerably 
prolonged whenever the soil is of a very crumbling or running nature, or in cases where it is excep¬ 
tionally hard and tenacious. Under the best conditions the cost of sinking and tubing a shaft by the 
Chaudron process may be set down as about |500 per metre on an average for a diameter of 12 ft., 
and has never in the worst cases exceeded about $800 as a maximum. For a width of 16 ft. we 
may safely estimate on a minimum cost of $800 per metre, and not to exceed $1,200 as a maximum. 
The occurrence of shifting sand or gravel, or of loose clay or quicksand, is always a cause of sup¬ 
plementary expenditure, as it may render the use of a certain amount of protective or temple tub¬ 
ing indispensable.* 

Adits are placed with reference to securing the greatest depth below the surface by running as short 
a distance as possible, particularly in barren rock; with reference to the presence of a good place for a 
“ dump ” at the adit mouth ; and also with reference to easy escape of water, freedom from flooding by 
freshets, and facility of natural ventilation when the adit is to be connected with a shaft. For the latter 
purpose it is well that the adit mouth should not be in a narrow ravine or in the comer of a valley. 
Dimensions of adits depend upon the amount of water expected to run in them and the other purposes 
to which they are to be put. When in barren rock, it is an object to make them as small as practicable; 
7 ft. high and 6 to 6 ft. wide is a convenient size. But when transportation is to be carried on and 
double tracks are to be laid, the dimensions must be increased. The height of the adit available for 
passage is diminished by the water-channel, which usually runs under the floor or in a ditch at one 
side. The grade of adits is determined with reference to the amount and character of the water 
flowing in them and the speed which it is desirable to give to the current. The ancient mining 
r^nlations of Prussia required of deep adits a grade of from 1 in 800 to 1 in 400. Some of the adits 
at the coal-mines of Saarbriick rise at the rate of 1 in 1,600; others at the rate of 89 in 64,000. 
According to the Saxon law, the grade may vary between 8 in 10,000 and 1 in 1,000. The long 
Ernst-August adit in the Ilartz has, for a length of nine miles, an average grade of 0.67 in 1,000. 
Here the water in the adit is itself used for transportation, and the current is intentionally kept slow. 
Access is further obtained to the different parts of the mineral deposit by subordinate shafts and 
galleries, excavated in the deposit. These interior shafts not extending to the surface are known as 
winzes, and usually serve to connect the galleries on different levels. The galleries are known as 
levels or drifts in vein-mining, and gangways in coal-mining. When a mine is opened by a vertical 
shaft, the vein is sometimes cut by a cross-cut level run from the shaft through barren rock, at a 
peunt higher than the intersection of the shaft and the vein. From the point where the cross-cut 
enters the vein, levels arc then run in both directions horizontally on the vein. After the main shaft 
has reached the vein and has been carried through it, the distance between vein and shaft of course 
grows larger with increasing depth, and the vein must be again opened by cross-cuts from the shaft 
at different levels. The levels opened in the vein are so many parallel roads on the vein, succeeding 
eadi other every 60 to 100 ft. in depth. The winzes connecting them serve both in ventilation and 
in extraction, brides affording convenient access to different parts of the mine. The running of 
drifts to make connection with old and abandoned workings is sometimes dangerous, when the old 
workii^ are full of water and their exact position is not known by surveys. In such a case the 
approach is made cautiously, and a bore-hole is kept in advance, to tap the accumulated waters in 
such a way as to avoid an excessive flow, or give the workmen time to escape. An accident of this 
kind at the (louley mine, near Aix-la-Chapelle, in 1835, which caused the drowning of 63 miners, gave 
rise to the publication by the government of the Rhenish province of exact regulations, which consti¬ 
tute an excellent guide to the mining engineer. 

Extkaction of Minerals. —^To perform the work of regular extraction with due economy and 
safety, the following circumstances must be considered: the shape of the deposit, as a tabular or 


• A paper read before the American Institnte of Mining Engineers, at Philadelphia meeting, June, 1S76, by JuUen 
Deby, C. E. 
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sheet deposit, a mass or stock work, regular or irregular, etc., and if a tabular deposit, like a fissure- 
vein or a bed, then its course and dip, its folds, basins, faults, and breaks ; the thickness and inner 
structure of the deposit, or, in ore-veins, the nature and distribution of the ore-bodies, the amount of 
barren gangue, and in coal-beds and other deposits the propoilion of marketable to waste material; 
the character of the “ country ” or wall rock, as making a solid or a precarious roof, and requiring 
more or less support; the number, relation, and distance apart of several deposits which it may be 
desirable to work at once or successively, as for instance seams of coal, lying one under the other; 
the conditions of ventilation, particularly where explosive gases are to be feared; the conditions of 
drainage; the character, abundance, and price of materials for undeiground supports (timber, masonry, 
iron pillars, loose rock, or earth); the size and shape of the pieces of material to be extracted (com¬ 
mercially important in coal and quarried stone); the method of excavation to be employed (picking, 
shoveling, fire-setting, hydraulic sluicing, leaking, blasting, etc.); and finally, in a subordinate degree, 
the nature of the mineral itself, as for instance very rich and brittle silver ore, which is liable to be 
lost in fine particles among the piles of waste, or some kinds of coal which deteriorate by standing 
too long in the mine after they have been exposed and drained, or clays which become like quick¬ 
sands in contact with water. Any one of the foregoing conditions may, under certain circumstances, 
be decisive as to the choice of a method of extraction. 

The subject of hydraulic mining is separately treated under Mining, HTDRAruc. The other modes 
of extraction may be divided into two classes: those in which the space excavated is refilled wholly 
or partially with waste material, and those in which no such “ packing or “ gobbing up ” is em¬ 
ployed. The former class is subdivided, according to the direction in which the work proceeds, into 
overhand stoping, underhand stoping, cross stoping, and long-wall working. (The latter method and 
its modifications, used chiefly in coal-mining, where the seams are not too thick, steep, or variable, may 
be employed either with or without gobbing up.) The word stom is probably a corruption of 
and refers to the stair-like appearance presented by the face of the excavation. Overhand stoping is 
conducted as follows: From the level below the ground to the exploited, a “ raise ** or upward shaft 
is driven up into the ground, and from this the different “ breasts '' are driven horizontally on the vein, 
in one or in both directions. The extraction begins at the bottom, by the excavation of a block 
having the width of the vein, a height of 4^ to 9 ft., and a length of not less than 7 nor more than 
30 ft. In this work two sides of the rock are always free: the upright face, toward the central shaft, 
and the lower horizontal side, over the level. When the breast has been driven far enough, new 
workmen may begin with a second breast, while the former still continue to advance. 

Fig. 8089, representing the profile of a double stope, shows the order in which the work proceeds. 
The space behind and below the workmen is filled up with the waste rock, broken from the vein in 
order to get at the ore, or with rock brought from elsewhere for this special purpose. Openings or 
“ chutes ” are left in this, through which the ore can be allowed to fall to the level below, where it 
is received in cars. This level is usually protected by a roof of stulls and lagging, on which the waste 
rock is piled, as is shown in Fig. 3090; or a portion of the vein is left standing over the level as a 
protection. The w'orkmen stand on the waste rock, and stoping goes on in the manner indicated, 
until the whole of the valuable mineral between the bottom level and the one next above (say 60 to 
100 ft., measured on the dip of the vein) has been extracted. Of course, by starting stopes at differ¬ 
ent points on the lower level, within the limits of the mining claim or the body of valuable ore, more 
men can be set at work. But the regular productiveness of a mine is not susceptible of Indefinite 
increase in this way. The maximum rate of exploitation which can be maintained until the mine is 
entirely exhausted, depends upon the rate at which the shaft or shafts can be sunk and new levels 
opened at greater depths. The too rapid exhaustion of one level would necessitate a suspension of 
active extraction while the next level below was in course of preparation; and in this work of sinking 
shafts and running drifts (sometimes called the “ dead work " of the mine) it is not possible to mul¬ 
tiply the number of men so as to secure more rapid progrcvss. Only so many men can be accommo¬ 
dated at the bottom of a shaft or the end of a drift; and when their effectiveness has been raised 
to the highest point by selecting good workmen, dividing them into three “shifts ” or gangs, work¬ 
ing eight hours each in turn, employing the most suitable tools and explosives, and, if circumstances 
are favorable, drills operated by steam or compressed air, the limit of practicable progress has been 
reached; and this determines the normal productiveness of the mine. Driving the stopes faster than 
the dead work is “ robbing” the mine. 

Underhand stoping is the reverse of the method just described. Here the stopes b^n from the 
level above, and may be commenced (if the presence of water is not too troublesome) before any 
lower level has been opened. The ore has to be hoisted, and the waste rock has to be lifted by hand 
and packed on stulls behind the miner, as shown in Ilg. 3091. This system permits an earlier 
beginning of extraction, and gives the workman a firm footing on the solid vein and an easier and safer 
direction of working (viz., downward instead of upward). Moreover, there is less chance of losing 
small pieces of rich ore, which in overhand stoping get into the waste rock under foot and cannot be 
recovered. But overhand stoping has two great advantages: first, the convenience of rolling and 
dropping rock and ore, instead of hoisting them; and second, the saving of timber, which in most 
mining districts soon becomes expensive. The great amount of timber used in an underhand stope 
is not merely lost; it may give rise by its decay to slides in the packing, or the necessity of expen¬ 
sive repairs to prevent them. 

Both overhand and underhand stoping are variously modified, as for instance in their application 
to any thick vein in which cross-stoping is not desirable. In such cases, the vein is worked in succes¬ 
sive layers or zones, parallel with the walls, each layer, beginning with that on the foot-wall, being 
stoped out by itself, as a separate vein; 12 ft. is usually as great a thickness as can be sloped at one 
time with safety or convenience. Cross-stoping is common in working thick veins. In this method, 
the vein material is removed in layers, not parallel with the walls, but extending from the foot to the 
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hinging wall; and in each layer the exploitation takes place by driving breasts across the vein, leav¬ 
ing pillars between them; supporting the roof of the breast, 6 to 12 ft. wide, with timbers until it 
has reached the hanging wall; then withdrawing the timbers and packing the excavation with waste 
rock; and then extracting the pillars and replacing them also with waste rock. A cross layer of the 
vein, 6 or 7 ft. in vertical height, having been thus removed and the space packed, the operation is 
repealed with the layer next above. Fig. 8092 shows this method by a vertical cross-section. It is 


mi. 



employed at the quicksilver mine of Idria, Camiola, and in various modifications at the zinc mines 
near Aix, the coal mines of Le Creuzot and St. Etienne in France, the mines of roofing slate near the 
fiiiiiie, a^ the lignite mines in Lower Styria. Long-wall working is employed on nearly horizontal 
deposits, usually coal-beds. It may be classed as retreating or advancing, according to whether the 
extraction begins at the borders of the field or section of the bed to be worked, and retreats toward 
the main shaft and advances toward the limits. In the latter case roadways are kept through the 
ground already worked out. Varieties of this method are employed in the copper-schist beds of 
Mansfield, and at many foreign coal mines. 

The methods of extraction without packing are : those in which the roof or hanging wall is sup¬ 
ported by timbering, masonry, or pillars of the original material, left standing until the workings are 
to be abandoned; and those in which the roof is allowed to come down immediately after extraction. 
In the mines of the Comstock vein in Nevada, the spaces are kept open with elaborate timbering, 
framed as for immense houses. This is a great expense, besides being a source of loss and danger in 
case of fire. A conflagration in the Yellow Jacket, Kentuck, and Crown Point mines on that lode, 
winch began April 7, 1869, not only cost many lives, but continued to bum, from 600 to 900 ft. 
underground, for many months, being sustained by the great quantity of dry timber in the stopes. 

The system of extraction by breasts or chambers and pillars is practised chiefly in coal-mining. 
It is wasteful of coal, since the pillars of that material left standing are but partially recovered by 
“ robbing,” when the breasts are worked out It is estimated that from 30 to 40 per cent, of the 
coal in the anthracite mines of Pennsylvania is thus lost. 

PftOTserroN of the Works and Workmen. —Arrangements for the protection of the miners and 
works in^ude timber or other supports, ventilation, and drainage. Shafts and permanent ways are 
carefully protected, if neocssary, with stout timbering, masonry, or even cast-iron linings. Pillars of 
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rock left standing, piles of waste material packed in the cmptj spaces, and posts, stulls, lading, etc., 
suffice for stopcs. In some mines the temporary supports are iron columns, or eyen screw-jacks, 
which can be removed without damage and used again. Ventilation is necessary to remove explo¬ 
sive and inflammable gases (carburetted and sulphuretted hydrogen and carbonic oxide, which are 
also poisonous), and simply poisonous gases, such as sulphurous acid, carbonic acid, and quicksilver 
or arsenic vapors. Natural ventilation is secured by having two openings to the mine, at one of 
which (called the intake or downcast) fresh air enters, while the foul air escapes at the other (up¬ 
cast). The difference in altitude between these openings, and the difference in temperature between 
the entering and escaping air, determine the strength of the natural ventilation. It is likely in tem¬ 
perate climates that the air in the mine will be warmer in winter and cooler in summer than that 
outside. Hence the draught will be in winter out through the highest opening, and in summer the 
reverse, while periods of stagnation will occur in spring and autumn. The natural draught may be 
assisted by wise choice of the localities for the openings, or by use of weather-caps and chinmeys 
over the upcast; but these aids arc hot effective except where the intake is an adit Artificial ven¬ 
tilation is effected by increasing the difference of temperature between the entering and the escaping 
air, so as to render the currents comparatively independent of the weather, or by increasing mechan¬ 
ically the difference in density. In the first class of instances, either the escaping air is warmed, or 
the entering air is cooled ; in the second class, either the escaping air is rarefied by suction, or the 
entering air is condensed by blowing. The escaping current may be warmed by connecting the up¬ 
cast with the chimney of a steam-boiler above ground, or with a special furnace above ground, or 
by means of a furnace in the shaft, or near the bottom of it, or by introducing steam-jets into the 
shaft. The jets have a mechanical as well as a thermal effect; but the total effect per pound of 
coal consumed is less than that of the furnace. The cooling of an entering current of air is some¬ 
times effected by allowing water to fall into the downcast, and is also an incidental effect of the 
water-blast or hydraulic bellows, a simple contrivance by which a falling stream carries a draught of 
air with it into a receiver, where the air is disengaged from the water, and forced, under a pressure 
due to the water column, into the mine. Ventilating'machines (exhausting or blowing machines) are 
used almost exclusively in coal-mines, where a great excess of air, to dilute injurious gases, is a vital 
necessity. These ventilators are either reciprocal (pumps) or rotary (fans). The latter are gener¬ 
ally employed, and for extensive ventilation the exhausting fans are usually preferred to the blowers. 
One of the most effective fans, GuibaPs, gives, with a diameter of 14.34 ft. and 8 arms revolving 134 
times per minute, a current of 929 cub. ft. of air per second. The distribution of the air-currents 
through the mine, so as to bring fresh air to the workmen, and remove all foul gases to the upcast, 
is very important, and requires a system of air-courses, doors, etc. Portable lights in mining are 
torches, candles, and oil safety-lamps. (See Lamps ) Stationary lights are also employed (lanterns 
with oil or petroleum, gas-light, and various electric lights) for illuminating permanent roadwajrs, 
landings, etc. The drainage of mines is effected by natural means (through adits) or by means of 
Dumps or buckets. These are sometimes operated by hand- or horse-power or wind, more frequently 
by hydraulic engines, and most frequently by steam. 

Works for Reference .—“Traits sur la Science de I’Exploitation des Mines,” D41iua, Paris, 1778; 
“The Derbyshire Miner’s Glossary,” Mander, BakewelL, 1824; “Practical Miner’s Guide,” Budge, 
London, 1845; “Trait6 de I’Exploitation des Mines,” Combes, Liege, 1846; “The Winning and 
Working of Collieries,” Dunn, 1848; “ The Working and Ventilation of Coal Mines,” Hedley, 1851; 

“ Trait4 de I’Exploitation des Mines de Houille,” Ponson, Li6ge, 1852; supplement to same, Paris, 
1867 ; “ Vollstandige Anlcitung zur Bergbaukunst,” Gatzschmann, 1856 ; “ De I’Exploitation de la 
Houille,” Devillez, 1859; “Coal and Coal-Mining,” Smyth, 1869; “Underground Life” (“La Vie 
Souterraine ”), Simonin, translated by Bristow, New Yorl^ 1869 (Paris, 1867); “ Leitfaden zur Berg- 
baukunde,” Lottner, 1869 ; “ Treatise on Mine Engineering,” Greenwell, 1870; “ The Production of 
Precious Metals,” Blake, New York and London, 1869 ; “ Reports of Mineral Resources of the United 
States,” Browne and Taylor, 1867; “ Mineral Resources of States and Territories west of the Rocky 
Mountains,” Browne, 1868, Raymond, 1870, 1872, 1878; “ Statistics of Mines and Mining,” Ray¬ 
mond, Washington, 1870; “A Treatise on Ore Deposits,” Von Cotta, translated by Prime, New 
York, 1869; “ Cours d’Exploitation des Mines,” Buvat, Paris, 1871; “ Explosions in Coal Mines,” 
Higson, London, no date; “ On the Gases met with in Coal Mines, on the Friction of Air in Mines,” 
Atkinson, New York, 1876 ; “ Lectures on Mining,” Callon, translated by Foster and Galloway, Lon¬ 
don, 1876 ; “ Practical Treatise on Coal-Mining,” Andrd, London, 1876. 

See also “ Transactions ” of the American Institute of Mining Engineers, of the North of England 
Institute of Mining Engineers, of the Institute of Mechanical Engineers, and of the South Wales Ixi- 
stitute of Mining Engineers; also files of En^neerintj and Mining Journal^ Iron Age^ Mining and 
Sdentifie iVew, and the English Mining Magadnty Mining Journal^ and Iron. 

MINING, HYDRAULIC. Hydraulic min^g, in the broadest sense of the term, may be deffned 
as the art of separating gold from a great variety of auriferous material, through the agency of water 
under great pressure, discharged through pipes against the deposits to be acted upon. 

The 'prerequisites io prof table hydropic mining are: first, a supply of good gravel; second, a suffi¬ 
cient quantity and head of water to work advantageously; third, an ample grade to run off the ma¬ 
terial ; and fourth, plenty of dump-room to dispose of the detritus. There must be a suffiment 
supply and pressure of water, not only to do the work of cutting down the banks, but also to carry 
off the material. The grade must be steep enough to carry the tailings through the sluices, and the 
dump must be extensive enough to receive the accumulations not only of a month or year, but of 
several years. In the workings of every department economy is absolutely essential to succcjsa, as 
the amount of gold collected per cubic yard of material moved is very trifling, and remunerative 
returns can only be secured by washing large areas of ground at a minimum of cost. In order to 
insure a continuous supply of water throughout the year, some of the most extensive oonstructiocka 
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of modem times have been made bj corporations calling themselves “ ditch companies,” who erect 
dams to hold the water in reservoirs, open canals, build flumes, and use the water upon claims of 
their own and sell their surplus to other companies at so much per miners’ inch. 

Measurement of Water. —The miners’ inch is an arbitrary measurement of water established in 
early days among the vanous mining camps, each of which made its own laws on the subject without 
reference to what had been done elsewhere. Unless, therefore, the local conditions regulating the 
sale of the same are stated, the miners’ inch becomes an unknown quantity. As accepted in some 
districts, it is an amount of water discharged from an opening 1 in. square through a 2-in. plank with 
a pressure of 6 in. above the opening. The amount of water that will pass through any orifice in a 
given length of time is dependent upon the head or pressure above the aperture, and the thickness of 
die timb^ through which the aperture is made. The flow of water will therefore change with the 
Tarying of these dimensions. The Smartsville inch is calculated from a discharge through a 4-in. 
orifice with a 7-in. head, the plank being 1 in. thick. To secure a supply of 100 in., the aperture 
would be made 4 in. wide and 26 in. long. This will admit of a discharge of 1.76 cub. in. of water 
per minute for each square inch of opening, or a total of 2,584.40 cub. ft. in 24 hours. 

The South Yuba Canal Company’s inch is calculated from the quantity that will flow through a 
2-in. aperture, cut in a 1^-in. plank, writh a pressure of 6 in. above the opening. From a number of 
careful experiments made at the North Bloomfield, Milton, and La Grange mines, using as a module 
a rectangular slit 50 in. long and 2 in. wide, writh a pressure 7 in. above the centre of the opening, the 
following results were obtained: 1 miners’ inch wrill discharge in 1 second .2624 cub. ft.; in 1 minute, 
1.5744; in 1 hour, 94.4640; in 24 hours, 2,267.1360. Ratio of actual to theoretical discharge, 61.6 
per cent. The above experiments were made under the personal supervision of Hamilton Smith, Jr. 
lAter experiments, made by Aug. J. Bowie, Jr., at La Grange, to determine the effective value of the 
above-described inch, gave the following results; 1 miners’ inch discharged in 1 second, .2499 cub. ft.; 
in 1 minute, 1.4994; in 1 hour, 89.9640; in 24 hours, 2,159.1460. Ratio of effective to theoretical 
disdiarge, 59.05 per cent., which is equivalent to about 98 lbs. of water per minute. These results 
form a general buis of calculation, to which the other systems are referred when accuracy of measure¬ 
ment b desired, or legal controversies are to be adjusted. 

Storage Reservoirs. —^The California year b divided into two distinct seasons, knowm as the wet 
and the dry. During the former, which begins generally in November and lasts until May, the average 
rainfall throughout the State amounts to about 20 in., while for the rest of the year it is inconsider- 
able if not wanting altogether. In order, therefore, to secure a continuous supply of water, the min¬ 
ing or ditch companies have been forced, at enormous expense, to occupy the natural mountain basins, 
or create artificial ones, for storage purposes. These basins often embrace bare mountain slopes and 
valleys, into which drains the water dropping from the clouds or running from the melting snow, with 
a minimum of loss by evaporation or absorption. The catchment area varies with the location from 
1 to 50 square miles. The reservoirs are made of sufficient capacity to store not only the regular 
supply from the above sources, but the volumes that result from cloud-bursts or sudden freshets. The 
roost complete system of reservoirs ever established for the storage of water for hydraulic-mining 
purposes are those of the North Bloomfield Company. The capacity of the Bowman reservoir, added 
to that of the others in connection with it, is about 1,000,000,000 cub. ft. of water. The cost of these, 
incloding dams, etc., has been nearly $250,000. The Rudyard reservoir, of the Milton Company, 
formed by three dams, the highest of which b 100 ft., at a cost of $160,000, contains 685,000,000 
cub. ft. of water, or 3,980,000,000 gallons. The French, Weaver Lake, and Faucherie reservoirs, of 
the Eureka Lake and Yuba Canal Company, have an aggregate capacity of about 820,000,000 cub. ft. 
Independent of these are the reservoirs for distributing, which will be described later. 

Dam ».—^Tbe dams that have been referred to in connection with reservoirs differ materially in 
their form and manner of construction, which are almost as numerous as the engineers engaged to 
design and build them. They may be of stone, earth, or timber, or a combination of these materials. 

3093 represents a section of a timber-crib dam, 90 ft. high, formed of cedar and tamarack 
lo^ firmly notched and bolted 
together. At the bottom of the 
incline are located a protection 
and strainer to the inlet. At the 
back are set the gates opening 
into the flume. This dam was 
designed to hold in place 7,000,- 
000,000 gallons of water, and to 
r»bt a maximum pressure of 
12,000 tons. 

Among a large number of dams 
built by the Tuolumne County 
Water Company of timber cribs, 
that across the south fork of the 
Stanblaus River is worthy of spe- 
cbl notice. It was built by the 
aid of large derricks and at an expense of about $40,000, in the year 1866, since which time it has 
not required any expenditures for repairs. It is 300 ft. wide at the top, 60 ft. high, and forms with 
the surrounding slopes a reservoir of 800 acres area, at an elevation of about 8,000 ft. above sea- 
leveL It rests upon solid rock foundations, and is built of round tamarack logs from 2 to 8 ft. in 
diameter, formed into cribs about 8 ft. square, pinned together by wooden treenails. Tlie water-face 
is inclined at an angle of 60° with the horizon, and is made up of flattened 8-inch timbers, pinned with 
wooden treenails to the crib and calked with cedar bai’k. At different elevations along this face dis- 
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charge-gates are placed^ through which the water flows from the varioas levels of the reservoir into 
the head of the supply-ditch. Pine dams, constructed on the same plan and about the same time, have 
long since decayed and broken down, or been replaced by hard-wo^ dams such as above described. 

Among the principal dams built of dry rubblestone and faced with a water-tight lining of plank, 
are the Eureka Lake dam of the Eureka Lake and Yuba Canal Company, with a height of 68 ft., 
high-water area 328 acres, storage capacity 680,000,000 cub. ft., catchment basin 5.1 square miles; 
the Fordyce dam of the South Yuba Canal Company, with a height of 60 ft, and a catchment basin 
of about 40 square miles, built at a cost of $160,000; and the three dams owned by the Milton 
Mining and Water Company, forming the English reservoir. The largest of these has a height of 
131 ft from base to summit, and has a capacity of 618,000,000 cub. tL of water, an area of about 
400 acres, and is fed from a catchment basin of 12 square miles. The Bowman dam is by far the 
largest of its kind on the Pacific coast. It was designed by Mr. Hamilton Smith, Jr., C. E., the en¬ 
gineer of the North Bloomfield Company, to bold not only the drainage of its own water-shed, but 
the accumulated volumes resulting from an Lccidental tearing away of the upper dams, from cloud¬ 
bursts, or other sudden rush of water from freshets. The dam was built to a height of 72 ft. during 
the year 1872, with foundations upon solid granite. It was placed across a cafion where the flow 
of water from a natural stream amounted to a maximum of from 6,000 to 7,000 cub. ft. a second, and 
an additional influx of many times as much would be caused by the giring way of the upper dams. 

Mr. Smith says of the dam; ** It was built in the year 1872 to the height of 72 ft., being a timber crib 
formed of cedar and tamarack unhewn logs, firmly notched and bolted together and solidly filled with 
loose stone of small size. A skin of pine planking spiked to the water-face formed its water-tight lin¬ 
ing. During the years 1875 and 1876 the dam was increased to a height of 96^ ft. above datum line 
(100 ft. extreme height) by filling in a stone embankment on the lower side of the old structure, faced 
with heavy walls of dry rubble-stone of large size. The down-stream face-wall is 15 to 18 ft. thick 
at the bottom, diminishing to 6 or 8 ft. at the top. Most of the face-stones in this wall arc of good 
size, weighing from three-quarters of a ton to 4| tons, and there are many stones of equal weight in 
the backing. The lower portion of the wall is 17^ ft. high, with a batter of 15 per cent. It is built 
of heavy stone with ranged horizontal beds, and with the face-stone tied to the baking with long iron 
clamps. The upper portion of the wall is built with a slope of 45**, and the face-stone are bedded 
on an angle of 22^**, thus dividing the angle between a horizontal bed and a bed at right angles to 
the face. No attempt at range-work was made in the upper portion of the wall. Above the 68-ft. 
line, ribs of flattened cedar 8 in. thick are built into the up-stream face-wall, and are tied to it by 
iron rods three-quarters of an inch in diameter and 5 ft. long. To these ribs a planked skin is firmly 
spiked. This planking is of heart sugar-pine, 3 in. thick and 8 in. wide, with planed edges fitted 
with an outgage similar to ship-planking. The plank was put on nearly thoroughly seasoned, and 
swells sufficiently to make the face practically water-tight, without either battens over the joints or 
calking. The openings at the joints, made by the outgage, suck in small parUcles of vegetable mat¬ 
ter, which take the place of calking to a large extent. At the bottom the planking is fitted closely 
to firm bed-rock and calked with pine wedges. There will be three thicknesses of plank (9 in. in all) 
placed on the lower 25 ft., two thicknesses (6 in.) on the next 35 ft., and one thidmess on the upper 
36 ft. From past experience it is believed that this planking will remain sufficiently sound for 20 
years. A culvert extends through the dam, through which the water is drawn from the reservoir. 
This culvert is built with heavy dry rubble foundation and walls, and is covered with granite slabs 
16 to 18 in. thick and ft. long. Thr^e wrought-iron pipes of No. 12 iron, each 18 in. in diameter, 
pass through the water-face of the dam. Their upper mouths are protected by a strainer formed of 
2-in. plank, anchored to the bed-rock. A separate valve or gate is placed at the lower end of etxh 
pipe; the water passing through the gates, aggregating a flow of 280 cub. ft. per second, discharges 
into a covered timber-sluice 7^ ft. wide. If ft. high, passing to the lower edge of the dam, and dis¬ 
charges on the solid rock of the creek-b^. The gates are approached by a man-way above the 
sluice. The crest of the dam will be formed by a coping of hewn heart-cedar timbers, 18 in. wide 
on top, and anchored securely by iron bolts to the stone wall below. It is not probable that any 
water will ever pass over the crest of the main dam; but should a break occur at the large reservoir 
higher up the stream when the waste-gates at the waste-dam arc closed, the difference in level be¬ 
tween the crests of the main and the waste dams might be insufficient to allow the resulting flood to 
pass over the waste dam. Additional care was therefore taken in building the down-stream face- 
wall of the main dam, so that it can in any such possible emergency resist without injury a large 
stream of water passing over the crest. Should this happen, a large quantity of water would enter 
the structure, owing to the inclined beds of the face-stone and the flat slope of the wall, which would 
seek its discharge through the interstices purposely left in the nearly vertical portions of the lower 
wall. To prevent the consequent hydrostatic pressure, which would accumulate at the base of tbe 
dam to perhaps 20 lbs. to the square inch, from forcing out the lower face of the wall, it was 
fully built and tied with iron rods. There are 66,000 cubic yards of material in the structure, weigh¬ 
ing about 86,000 tons. The hydrostatic pressure, with the water-line 95 ft. above datum, against m 
vertical plane of that height across the cafion at the dam site, will be 21,745 tons. The dam is built 
V-shaped, with the vertex of the angle of 165” pointing up stream. This mode of construction 
adds somewhat to the stability of the structure. The cost of the dam when completed will be about 
$132,000.” 

The flat slopes adopted in the construction permitted the use of a large supply of loose stone 
readily accessible, and lighter facing stone than would have been required ht^ these slopes been more 
nearly vertical, which resulted in the ultimate saving of many thousands of dollars in the cost of 
raising the dam. 

Ditches. —So much of the success of a hydraulic-mining enterprise is dependent upon a regnlnr 
supply of water, that no pains or expense have been spared in the construction of ditches that lead 
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from the mountain reserroirs to the various auriferous deposits found in river-channels, in basins, or 
on flats. These ditches, aggregating over 7,000 miles in length, have been constructed at an expense 
of over $25,000,000. While an approximate estimate of the value of hydraulic claims in California, 
with their ditches and improvements, would not fall much short of $100,000,000, it is stated by com¬ 
petent authorities that hydraulic and drift mining together have added over $800,000,000 to the 
wealth of the State. 

In the location of a ditch, a number of importemt points arc to be considered. It should be laid 
upon an average grade of about 15 ft. to the mile, and, wherever possible, along the mountain-side 
fronting to the south, in order to avoid accidents resulting from break-ups in the spring, through the 
movements of the melting snows or departure of the frost from the ground. All trees within a few feet 
of the upper bank should be cut down, and leaves, logs, and underbrush removed. It should be lo¬ 
cated with especial reference to maintaining a continuous and uniform supply of water during the 
working months; and to aid in effecting this, streams along the route should be tapped wherever 
pracUcable, to make up the loss due to leakage and evaporation. Waste-gates should be erected at 
proper points to relieve the ditches of extra pressure when thaws or heavy rains have flooded the 
country and run them full of water. In order to retain the maximum hydrostatic pressure up to the 
very moment when it is to be utilized, the ditch is kept upon the highest possible ground consis¬ 
tent with grades and lines of detour adopted. It should be made deep rather than wide, to avoid 
excessive evaporation or loss by leakage through the ground. It should not be built upon very steep 
inclines, nor located so far from the natural slope that it is difficult to secure a strong outside bank 
of earth. In a case of doubt, it is preferable either to adopt masonry aqueducts or run a flume for 
a short distance. The experience of ditch-builders in California has developed a practice there which 
differs materially from the plan of action formerly adopted. Grades have been increased to even 25 
ft per mile, and the carrying capacity to 60 cub. ft per second ; but old prejudices are hard to get 
rid of, and these innovations have not been universally adopt^ as yet. On account of the deep 
snows and heavy storms of winter, they have been found safer and more eeonomical to operate. 

The following table shows the dimensions of some of the most important ditches in CaUfomia: 


WAMB or HERB. 
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DOdi. 

Top of Ditch. 

Bottom of 
Ditch. 

Depth of 
Ditch. 

Coat of Ditch. 
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Minm’ Inchee. 
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FL 
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9 

6 

4 
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In crossing ravines, passing along the abrupt faces of precipices, or connecting the ditch with the bulk¬ 
head, flumes are commonly used, although they are objected to on account of the danger from fire and 
cost of repairs. They are set on straight lines or very easy curves, and are of smaller area than the 
ditches with proportionally heavier grades. The grades sometimes reach even 36 ft. per mile. Owing 
to the great irregularity of surface, many of these ditches have miles of fluming. The ordinary style of 
construction is shown in fig. 3094. The planking is commonly of heart sugar-pine, H to 2 in. thick 
and 12 to 18 in. wide. To effect a good seam, pine battens 8 in. wide by H thick are placed over 
the joints. Bents of square timber well mortised together, set from 4 to 6 ft. apart, support and 
strengthen the flume. The posts spread out toward the bottom, so that the sills are somewhat longer 
than the caps, and they are generally sawed so as to extend about 2 ft. beyond the foot of the posts. 
Where a flume is carried along the steep mountain-side, it is secured to the solid bed of rock as shown 
in Fig. 3095. They are set in as close as possible to the bank, as a precaution against accidents from 
storms, winds, or snow-slides. 

Wrought-lmn Pipes ,—^As the importance of hydraulic mining began to be recognized, and the ne- 
eessfty of securing some means for convejing water across deep ravines and through very rough and 
broken districts of country not adapted to the erection of flumes, sheet-iron pipes were introduced on 
aeconnt of their lightness and great tensile strength. They have been made of No. 16, 14, and 12 
Birmingham gauge, from 11 to 40 in. in diameter, 20 ft. long, and riveted in the horizontal seams, 
but put together in stove-pipe fashion, without rivets or wire to hold the joints in place. As floating 
particles of matter readily render the joints comparatively water-tight even under a pressure of 200 
Iha. to the square inch, it is only under high heads and sudden shocks that lead joints such as shown 
in Fig. 3096 are used. The lead is forced, as at 6, between the iron sleeve a and the pipe, while e 
Is an internal flange bolted to one length of pipe in such a way that the other fits over it. The 
^ladDg of the rivets has proved to be a matter of considerable importance. For example, a pipe 
12 in. in diameter, made of No. 18 iron, was formerly riveted in the longitudinal seams every 1 to H 
in., while the round seams have been left pretty open, with rivets set 3 in. apart. Now, in the bet¬ 
ter class of pipe adopted, the round seams are made with rivets three-quarters of an inch apart, and 
the longitudinal seams are double-riveted, with rivets 1 in. apart in the row, and about half an inch 
apart from one row to the other. If such pipes are dipped in asphaltum to protect them from the 
weather, they will last for many years. The thickness of the iron is usually proportionate to the head 
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t Most of this ditch Is hewn out of granite. 
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of water and the diameter of the pipe. Pipes made of the different sizes of iron here mentioned wiU 
stand the following 8;rains per sectional inch: 


No. of Iron. 

12 . 

12 to 9. 

9 to . 

ito4. 


Strain, Lbs. 
7,000 to 9,QUO 
9,000 to 12,000 
12,000 to 14,000 
17,000 to 18,000 


The head of the water in pounds avoirdupois, multiplied by the diameter of the pipe in inches and 
divided by the above ooeflBcients, gives twice the thiclmess of the iron to be used. Allowance must 
be made for the security required; that is, if the breakage of the pipe will cause much damage, it is 
advisable to lower the margin for greater safety. The diameters of the rivets used are: No. 18, A i 



No. 16, in.; Nos. 14, 12, 11, Vfe in.; Nos. 10, 8, 7, } in.; j- in., i in.; fs in., 4 in.; | in., f in. 
They are usually spaced to make the pipe tight, that is, closer than is necessary for the strength of 
the seam ; but this in turn is governed by the pressure on the pipes. The following table shows the 
usual distances of rivets for corresponding thickness of iron, with 22*inch wrought-iron pipe : 
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A 

4 

1 

69 
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4 
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A 

4 

1 

69 
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f 
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Ain- 

i 

U 

lA 

89 
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i 

14 

lA 

89 

Ift lull. 

lA 1 


When the pipe is made and put in position, air-valves are located at each summit and blow-valTes 
at each depression, as the pipe is carried over a number of low ridges or shallow ravines. The air- 
valves are designed to allow the escape of the air from the pipe while filling, and to prevent any col¬ 
lapse should a break occur. The blow-valves are arranged to blow off or discharge at a certain 
pressure, and thus avoid excessive strains on the pipe and consequent ruptures. A very effectual 
way of preventing air from entering the pipe along with the water, is to put a gate in the pipe a lit¬ 
tle below the level where the water enters, it. By this means of control the flow of water can be 
regulated at will, and a steady pressure can be obtained, that is entirely free from those violent os¬ 
cillations so objectionable. \Vhere the water enters through a funnel-shaped pipe, it is pretty effec¬ 
tually cleared of air at the outset. Should any enter by accident, it is frequently removed through 
an air- or stand-pipe put in at some distance from the inlet. 

Of late years, where valleys and great depressions of wide extent have had to be crossed, and the 
sources or heads of the ditches have been too remote to follow around on the necessary grade, 
wrought-iron pipes of the heaviest character have been brought into service. The Cherokee Flat 
Mining Company, of Yuba County, Cal., overcomes a depression of between 800 and 1,000 ft. with 
such piping. The water is carried in a ditch or flume to a point on one side of the depression 980 ft, 
higher than the lowest point where the crossing is effected. A wrought-iron pipe receives the water, 
carrying it down the slope of the mountain to the bottom, thence up the opposite side to a vertical 
height of 830 ft., where the water is discharged into a ditch or flume and carried to the mines for 
use. Until the project for supplying Virginia City, Nevada, with water was inaugurated in 1873 
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(see Aqueduct), this pipe was sustainiiig the heaTiest pressure of any of its kind in the world. Now 
much higher pressures have been successfully provided for. 

Working. —The water, finding its way out of the reservoir, through flumes, ditches, and pipes, 
along mountain-sides and clilfs, over rivers, valleys, gorges, trestle-work, and suspension bndgcs, 
finally reaches the distributing reservoirs, from which it is drawn to the various claims. These re¬ 
servoirs are located with especial reference to accessibility, capacity, bead secured, and economy of 
construction. They are generally artificial basins made by excavating material from within cer¬ 
tain limits and using it 
to create an embankment. 

From the distributing res¬ 
ervoirs the water is con¬ 
veyed through pipes, ditch¬ 
es, or flumes directly to a 
box. Fig. 3097, called a 
bulkhead or pressure-box, 
situated above and in close 
proximity to the material 
to be washed. This pres¬ 
sure-box is very strongly 
built, and made of a suffi¬ 
cient depth to keep the top 
of the pipe covered with 
several feet of water. A 
grating at 6^, where con¬ 
nection is made with the 
flume, prevents the chok¬ 
ing of the pipe by sticks, 
leavesi, or other organic 
matter. In case of acci¬ 
dent to the pipe which 
is swelled to a funnel- 
shape for connection with 
the bottom of the box, the 
water can be dischaiged 
through a gate at the side 
as shown. The flow of 
water to the distributors 
on the lower end of the 
feed-pipe is regulated by 
the valve set just below the pressure-box, operated through the spindle B. This pipe varies in 
thickness and diameter with the hydrostatic pressure and the quantity of water to be us^ In pick¬ 
ing out a suitable route for this pipe from the pressure-box down to the claims, all angles and de¬ 
pressions should be avoided, and the line made as direct as possible Automatic air-vdves should 
be arranged at proper points, to allow the escape of air when filling the pipe, and also to prevent 




any collapse from atmospheric pressure should a vacuum occur. Where the descent is precipitous, 
the pipe is sometimes carried on an inclined trestle, well braced to prevent any movement or sliding 
of the column. Frequently, in addition to this framework, stones are used to weight down the 
stmeture and hold the pipe in place. When the level of the workings is reached, it is again secured 
by proper braces and weights (see Fig. 8098). In any event the pipe F leads directly from the bulk¬ 
head 2> to a distributing box located in the workings below and as near the banks as consistent 



Digitized by ^ooQle 


440 


MINING, HYDRAULIC. 


with the head and Tolume of water to be used. The pipe F is made in 12-ft lengths, and is joined 
stoTe-pipe fashion. The joints are lapped from 2| to 8^ in., with longer laps at intervals to allow 
for expansion. When it becomes necessary to join these length more effectually together, it is done 
by passing wire around lugs attached to the ends of the same. In filling the feed-pipe, tte water is 
turned on gradually to avoid sudden shocks and straining of the colunm. Leaky joints are closed by 
running a few bags of sawdust through the pipe, and by wedging them with thin pieces of soft pine. 

The distributing boxes are of various forms and designs. Fig. 8099 illustrates a V-distributing 
box for two branch-pipes. A is the inlet-pipe from reservoir; ^ ^ are outlet-pipes to nozzles; C Care 
wheels to elevate the valves; D D are vdve-boxes; F is the pressure-gauge, made of cast iron, and 
of sufficient strength to resist the pressure of water under a great head. 

From the distributing box the water is led directly to the discharge-pipes. These discharge-pipes 
are known among miners as “ Hydraulic Chiefs,” “ Monitors,” “ Little Giants,” etc. Of these the 
** Little Giant ” is shown at Fig. 8100. It has a complete horizontal movement on the plane 
and a vertical one on a knuckle-joint Ey which is counterpoised at / to keep it in position. It is 
exceedingly simple, easily repaired, has no abrupt angles, and it is claimed discharges a larger amount 
of water with less resistance than any other. To prevent wearing, the joints are packed water4ight 
with leather. As the effectiveness of the stream depends upon the preservation of its rotundity of 
form, the nozzles are provided with three internal riffle-plates, that break up any tendency on the 
part of the current toward a rotary motion. Of the other nozzles in use, that known as the “Dicta- 
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tor,” the invention of Mr. Hoskins (who was also the originator of the*'Little Giant”), Craig’s 
“Globe Monitor,” and Fisher’s “Hydraulic Chief ” are considered the beat and most serviceable. 
These pipes with nozzles vary in length and diameter, the largest size in use being 16 ft. long and 9 
in. in cUameter at the outlet. They are used in pressures ranging from 150 to 875 ft., disdiarging 
water at velocities from 75 to 180 ft per second. The largest pipe on record is under a 875-ft 
head, discharging 86,000,000 gallons every 24 hours. 

The amount of material that can be washed from a gravel-bank and sluiced off, per miners’ inch 
of water, depends upon the location, grades, dump, etc., as well as upon the nature of the material. 
It varies from 1 to 6 cubic yards per miners’ inch. In general, however, when making an estimate 
of the amoimt of water required to work off any particular bank of gravel, the calculation is made 
upon a basis of not less than 20 cubic feet of water to work off 1 cubic foot of gravel. 

During the construction of the dams, ditches, fliunes, etc., to insure a deBnite and regular water- 
supply, ample dumping ground to receive the accumulations of several years’ washings has been 
secured, the prospectings carried on energetically, the tunnel site selected, the bed-rock reached and 
inspected, and connection made with the surface through a vertical shaft, upraised from the tunnel- 
line. A section of the ground and layers encountered in opening a shaft on one of the claims of 
the North Bloomfield Gravel-mining Company is shown in Fig. 8101. From this prospect-shaft 
drifts were run aggregating 2,000 ft. along the channel, which was estimated to carry a width of 
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aboat 500 ft The gross cost of the entire prospecting work was $63,956.20. As soon as the depth 
and position of the bed-rock, the direction of the channel, and the value of the gravel had been 
determined, a working tunnel was located. This is generally requisite to sluice off the gravel, as it 
is seldom practicable to run open cuts sufficiently deep in the bed-rock to bottom the channel. When 
therefore the working tunnel has been run well into the claim, and opened throughout to a size to 
suit the flumes—viz., 5 x 7 for a 4-foot flume, and 8 x 8 for a 6-foot flume—and &e shaft opened 
to the surface, it is carefully timbered throughout. It should not be less than 5 ft. by 9, to allow of 
two compartments being laid off, ond of which is used by the miners in ascending or descending, and 
for effecting repairs when accident closes the other or working compartment. From the foot of this 
vertical shaft the sluices, set on the proper grade, lead off the material through the tunnel, over the 
riffles charged with quicksilver, and finally to the dump. 

When everything is ready for working, some of the upper timbers of the shaft are removed, the 
ground around the mouth shaped to the form of a terrace, and the washings run into the shaft as 
rapidly as possible, to admit of the introduction of one or more ** Little Giants.*’ At the start one 
no^e is used to cut down the bank, the other to run off the debris; but as the workings enlarge, 
another pipe is added, and the two cutting nozzles play heavy streams upon the bank at a consider¬ 
able angle between them. When the stream first strikes the bank, the water is scattered in every 
direction; but it soon buries itself, and exhausts its whole force in extending the arched cavity both 
laterally and in depth. The miner knows from experience just how deep to make this cavity. 
When the nozzle can no longer be used to advantage at this point, it is moved, another arch is 
formed, and so on until enough have been made to cave the bank as soon as the walls between have 
been cut away. The caved material is then washed as uniformly as possible into the shaft, from 
which it passes into the sluice-boxes. 

All the material left behind which is 8103. 


too large to be carried off is broken up 
with the hammer or blasted with powder. 
Where the ground is very hard, recourse 
is had to blasting to assist in breaking 
up the gravel and cement deposits. To 
accomplish this, a tunnel is run into the 
bank to strike through the rim-rock and 
into the channel just above the bed-rock. 
fVom a point located pretty centrally in 
the bard material, lateral drifts are sent 
to the right and left for about 100 ft. 
eadi in the direction of the channel walls, 
and from the ends of these short subsidi¬ 
ary drifts, as shown in Fig. 3102. Large 
quantities of powder are in the lateral 
and subsidiary drifts, as at (7, and in the 
main tunnel, as at J?. AX A A A the lat¬ 



eral drifts and tunnel are carefully closed 

by a considerable volume of earth, and the whole mass of powder exploded simultaneously, through 
a system of wires connected with an electric battery. In this way immense banks of profitless gravel 
are made available. Worthless material must be gotten rid of as quickly and economically as possi¬ 
ble, by moving it immediately to the point of deposit where it is to remain. Wherever possible, 
three or more nozzles should be connected to the same distributor, as is the case at the North Bloom¬ 


field workings. Here the feed-pipe is 1,200 ft. long and 40 in. in diameter. The nozzles used are 
6 in. in diameter, the head 240 ft., the pressure in the pipe 108 lbs. per square inch, and the nozzles 


discharge each 1,300 cub. in. of water every 24 hours. 

The sluices are laid in as straight a line as possible, with the outer side of the box slightly raised 
to cause a more uniform distribution of the materials over the riffles. They are commonly made of 


1^-in. plank, tongued and grooved, although, to secure a perfect fit, the planks should be grooved 

and then joined together by 


8108. driving in a soft-pine tongue. 

A framework of 4 x 6 in. 
scantlings, made up of a sill, 
upon which the box rests, 
and two posts on either side, 
carefully fitted to the sills 
and braces, connecting the 
ends of the sills and posts 
together, is set every 4 ft. 
for additional strength and 
security. The size of the 
sluice is determined by the 
quantity of water secured, 
character of gravel to be washed, and grade adopted. A sluice 3 ft. wide and 30 in. deep, with a 1^ 
per cent, grade, has a carrying capacity for 800 to 1,000 miners* inches of water; one 6 ft. wide and 
36 in, deep, on a 5 per cent, gr^e, 3,500 miners’ inches of water. The length of the sluice is dependent 
upon all the conditions above enumerated, the desideratum being to insure the complete disintegration 
of the material and separation of the gold. The bottom of the sluice is lined with square blocks of 
suitable length and breadth, 8 to 12 in. deep, called riffles, with spaces of from 1 to 1^ in. between 
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each cross-row. They are commonly held in position by means of sofl-pine wedges, driven between the 
blocks and sides of the sluice. The old method of fastening small boards on the bottom crosswise 
between the rows, as shown at Ay Fig. 3108, has fallen somewhat into disuse, and the wedge system 
shown at C has been pretty generally adopt^. In some localities, where wooden blocks can be se¬ 
cured only at considerable expense, round cobble- or field-stones are often used. A combination of 
the two systems, a row of blocks alternating with an equal section of rocks, has proved very satisfac¬ 
tory in materially reducing the wear and tear of the blocks. Where clean-ups are frequent, they 
have not been adopted owing to the expense connected with tepaving. Rock-riffles alone require 
more water and steeper grades than those consisting of wooden blocks. The only objection to the 
use of wooden blocks is the cost of wear and tear. It is generally preferable to set the block-riffles 
near the head of sluices where a large amount of gold is collected and the clean-ups are frequent. 

The sluices are commonly discontinued at the mouth of the tunnel, from which point for several 
thousand feet down the ravines or creek-beds the water is conducted over undercurrents or other 
gold-saving appliances to the final outlet or river-channel below. One form of undercurrent that 
has given go^ satisfaction is shown in Fig. 3104. The grade of the sluice A, leading from the 
tunniri or ^ggings, may vary from one-third of an inch to one inch to the foot From this point 

down the creek-bed the undercur¬ 
rents are placed at proper inter¬ 
vals. In the bottom of the flume 
Ay near the point of discharge, 
a “ grizzly ” of wooden bars cov¬ 
ered with iron plates, or entirely 
of iron, is plac^, with suffident 
space left between the bars to 
predpitate all but the coarsest ma 
terial into the box below. The 
bowlders, large pebbles, etc., go 
directly to waste over the grizzly. 
The eliminated material and wa¬ 
ter is cast upon and spread over 
a large platform By four or five 
times the width of the sluice above, 
and as long as dreumstanoes will 
admit. While the grade is steep¬ 
er, the velocity of the water is 
sensibly checked. Riffles, made 
in sections for convenience in re¬ 
moving and cleaning, are placed 
in the bottom. A portion of the 
debris and presumably all the gold 
that has escaped lodgment or amal¬ 
gamation, together with a portion 
of the water, are spread over B. 
The depth being materially de¬ 
creased, some particles of gold 
that have been kept in motion 
by the velocity of the water and debris in the main flume come to rest, and the lighter earthy mat¬ 
ters with some gold pass on. Sometimes, where the fall will admit, a second undercurrent is placed 
below the first, as shown at (7, with a second and finer grizzly, as at D, the waste material passing off 
at Ey and the sand, with any free gold or amalgam that may have escaped the upper undercurrent, 
passing into box Fy which contains riffles C across the bottom, where it is caught and retained. 
Undercurrents are used quite extensively at present in the working of tailings. 

After the sluices have been run a half day, they are considered packed; and as soon as the 
water begins to clear from a temporary stoppage of the washings, the regular charge of quicksilver 
is added and the washing resumed. This operation is repeated on the second and third days, until 
the riffles hold the mercury at the surface. The amount subsequently added is regulated by the 
quicksilver exposed to view, and depends to a large extent upon the length of the run. This will 
average about 20 full days. A longer run is apt to result in a waste of amal^m, which becomes 
hardened and is liable to pass away with the d4bris. The blocks, riffles, and flumes have also be¬ 
come worn and require overhauling and repairing. As soon, therefore, as the time arrives for 
cleaning up, the streams of water are used to wash the last particles of loose earth into the aluicca. 
Clear water is then passed through the sluices, and the work of removing the riffle-blocks begins. 
They are pried out with the aid of heavy iron bars, and carefully washed. If they are much worn, 
they are li^luced to ashes and returned in this changed form to the flumes; if not, they are laid 
aside to be used again. While the above has been in progress, the flow of water has been brought 
down to about half an inch over the bottom of the flume. The amalgam that had formed during 
the run, and collected between the blocks, is cleansed by the action of the clear water, and, in 
irregular-shaped masses of a semi-plastic consistency and bright silvery lustre, awaits removal. This 
gold amalgam, contaiaing hundreds of thousands of separate particles of the precious metal, is now 
scooped into sheet-iron buckets, and carried to the retort-room, where the quicksilver is removed 
by heat, collected under water, and used over again, while the bullion is remelted, assayed, and cast 
into ingots for commercial purposes. The excess of quicksilver remaining in the flume after the re¬ 
moval of the amalgam is scoop^ into buckets and used in the next run. 
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The aggregate loss of quicksilTer in several mines for a period of several years, where a record 
was kept, was as follows: 8,981,367 cubic yards of material moved by 2,784«450 miners’ inches of 
water, with a loss in quicksilver of 4,351 lbs., or 1 lb. of quicksilver to 900 cubic yards of gravel and 
640 miners’ inches of water. The loss of gold in hydraulic mining can only be arrived at approxi¬ 
mately, as the tailings are frequently considered of too little value to pay for handling. 'Where, 
however, the tailiag^ have been saved and carefully worked, the result showed a loss from the first 
workings of not more than 2 per cent. What was lost in the second workings through fiower gold 
was not determined. In altering the grades to save this class of gold, the working capacity of the 
flumes is decreased to such an extent that no definite move has been made in this direction; but this 
and other important matters are now (1879) in course of investigation by scientific experts, who have 
made and still are making valuable improvements in the line of eflSciency and economy. Wafer, that 
formerly cost 60 cts. per day for a miners’ inch, can now be secured at rates ranging from 2 to 10 
cts. per inch. 

The saving appliances now in use have increased the yield of gold per inch to |1 or even $1.60. 
In addition to those of a mechanical nature already referred to are a number illustrated below. Figs. 
3106 and 8106 show a “hurdy-gurdy” water-wheel used in converting water-power into that derived 


8106. 8108. 



from the use of compressed air, etc., to aid in the driving of drifts, tunnels, etc., by means of power 
drills of various kinds. It is claimed that an 8-ft. wheel under a 2()0-ft. head, using 100 miners’ inches 
of water, will furnish about 60 horse-power at 176 revolutions. A is the wheel, B the driving-pul¬ 
ley, C the inlet-pipe, D the outlet-pipe or nozzle, and E the shut-off valve, shown on a larger scale 
at the right. The framework is made of the most substantial character, to avoid vibrations and con¬ 
sequent wear and tear. Hydraulic derricks of the style shown in Fig. 8107 have been designed to 
remove large bowlders and stones that cannot otherwise be handled. A is the hurdy-gurdy water¬ 
wheel, B the water-pipe, C the drum, B the rope, and E the valve. A decrease in the speed of the 
rope, with a resulting increase in power, is effected through a single set of intermediate gearing. 
The German hydraulic derrick, Fig. 3108, is arranged for rapid movement from place to place, as it 
is required for handling materials in various parts of the claim. This derrick is mounted upon a 
globe C, out of which projects a pipe t/, which furnishes the means of discharging the water upon 
the blades of the wheel I. The mast A, drum 2>, and wheel I are supported upon the globe C, and 
revolve with it. The globe receives its supply of water through the pipe Q, 

While the first ten years of hydraulic mining in California were largely devoted to laborious and 
costly experiments without satisfactory returns, the work of later years has proved very remunera¬ 
tive, and established the fact beyond a possibility of doubt that the great bulk of precious metal still 
remains in these old river-channels, only awaiting the advent of energy, enterprise, and capital to be 
nnoovered, separated, and made available for use. The financial importance of this industry will be 
recognized at a glance, when it is recalled to mind that the annual product of the gravel-mining in 
California is double if not treble that derived from the quartz, and that during the uncommonly dry 
season of 1877 this State produced from hydraulic mining alone about $7,000,000. 

We are indebted to Aug. J. Bowie, Jr., E. M., Hamilton Smith, Jr., C. E., Thomas Egleston, 
Ph. D., and Hermann Schussler, C. E., for their kindly assistance and the use of their notes and 
corrections in the preparation of this article. F. H. McD. 
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1. Machines having a fixed position of the eccentric-shaft, with a positive and continuous motion 
of the chisel-bar, where the wood has to be raised or brought to the chisel to receive its action. 
These machines have a great advantage in the simplicity of their construction and the high speed at 
which they run, and are well adapted to light work, such as door, sash, blind, and furniture mortiaing. 

2. Machines in which the mortise is formed by a revolving traversing auger or bit, so construct^ 
as to cut on the side as well as on the end. These machines are extensively used for chair and 
special work, where many pieces are required to be duplicated. 

8. Machines in which the eccentric-shaft and the reciprocating parts are all moved to the work. 
The objection to this class of machine is, that the force of the blow falls equally upon the chisel- 
bar and the treadle of the operator, except as neutralized by the inertia of the crank-wheel and 
attachments. This class of machine is best adapted to quick motion and light work, and is unsuited 
to heavy mortising with slow motion. 


MITRAILLEUSE. Sec Ordnance—Machine Guns. 

MITRE-BOX. See Saws. 

MOMENTUM. See Dynamics. 

MORTAR. Sec Concretes and Cements, and Ordnance. 

MORTISING AND TENONING MACHINES. Mortising Miiehines .—The power mortising ma¬ 
chine forms an exception among wood-working tools, as it is the only machine that performs its 
work by positive and intermittent blows. In other machines, when the resistance is too great, the 
belts yield and no damage occurs; but with the mortiser all parts must be so proportioned and con¬ 
struct^ as to preclude any possibility of breaking from jar or concussion. The chisel-bar movement 
is dissimilar in different machines, and they are classed as follows by Messrs. J. A. Fay k Co.: 
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4. Machines where the stroke is produced by a variable eccentric, increasing or diminishing the 
throw of the chisel-bar in both directions. This class requires a stroke twice the depth of the mor* 
tise, with the clearance added which gives a long motion to the reciprocating parts. This is apt to 
limit the speed of the machine and cause unnecessary wear and vibration. 

O A 



5. The graduated-stroke mortising machine, where the motion is produced by lengthening the con¬ 
nection from the eccentric to the chisel-bar, starting from a still point. 

8. Machines where the chisel-bar has a progressive downward movement to the required depth of 
mortise, the crank-shaft and guides having a fixed position. 

In the mortising machine shown in Pigs. 8109 and 8110, which are front and side views, the 
chisels have a uniform stroke of 6 in. The table with the work thereon is raised by the foot-treadle 
shown at Ay its height being regulated by the hand-wheel B operating the right- and left-hand screw 
to which it is attached, one end of the screw acting upon a nut in the upper end of the treadle, and 
the other end operating a nut attached to the tabic-guide. The table is adjustable horizontally for 
mortising at an angle when required. The form of chisel used in this class of mortising machine is 
shown in Fig. 8111. The spindle carrying the chisel is arranged by suitable mechanical movements 
to make one quarter turn while reciprocating at the upper end of its movement; thus the cutting edge 
of the chisel is brought at will to bear upon either side or end of the mortise. To prevent the work 
from lifting with the up-stroke of the chisel, the guards O O are provided. 

Fig. 3112 represents a power sash-mortising machine designed by Messrs. J. A. Fay k Co. for 



saah, blind, and door mortising. It has a novel compound bed, on which the stuff to be worked is 
damped and moved under the chisel by a rack and pinion, the treadle raising the bed so that the 
ehlscl enters the wood gradually. The tool works in deeper at each stroke until the desired depth is 
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gained, thus preventing the severe concussion and jar which always occurs when the chisel enters 
the wo^ at full depth. The same bed is used for straight mortising in the usual manner, as it is 
provided with bent stops for holding the stuff, which are arranged to swing and adjust to different . 
heights. The bed is also arranged for radial mortising, and the treadle is contrived so as to produce 
greater or less throw of the table. The speed of the light and loose pulleys is about 500 revolutions 
per minute. 

Tenoning Machines. —^Fig. 3113 represents a tenoning machine having its cutter at right angles to 
the work. The revolving cutter A is placed upon a vertical spindle driven by the belt £. The 
timber is held by the clamps C, and is support^ at the outer end by the arm i), which carries a 
roller upon which the timber rests. The cutters are fed across the work by means of the hand-wheel 

which by means of screws and gears traverses the spindle carrying the cutters in a straight line, 
the angle of the tenon cut depending upon the angle at which the work is set in the machine. It is 
obvious that, there being a work-holding device or clamp and a table on each side of the cutters, the 
ends of two separate pieces of work can be operated upon simultaneously. In the engraving the 
lower cutter is shown removed, but it is obvious that the thickness of tenon cut depend upon the 
distance between the upper and lower cutters, which is governed by the thickness of washer placed 
between them. 

Fig. 3114 is a patent sash- and door-tenoning machine, in which the heads are single, but so placed 
on their frames that a tenon can be made double the length of the cutter by passing the stuff through 
twice. The knives are placed at an angle on the heads, which gives a shearing cutting-edge and 
produces smooth work. The gateways that carry the cutter-head spindles are gibbed to a vertical 
slide, and are raised together or separately as may be desired, one screw raising both frames, which 
governs the thickness of the lower shoulder. The other screw separates the heads and regulates the 
thickness of the tenon. The screws are furnished with locking devices to prevent any vibration. 
The machine is made with one or two coping-heads, or without any. The cope-heads have indepen¬ 
dent adjustment, and are attached to the cutter-head frames. The countershaft pulleys make about 
950 revolutions per minute. 

MOTION, LAWS OF. See Dynamics. 

MOULDING is the art of producing the forms or moulds in which metal is cast to a desired shape. 
(See also Casting.) It may be divid^ into two classes, namely, green- and dry-sand moulding, and 
loam moulding. In the first class, patterns of the articles wan^ are universally employed in form¬ 
ing the mould; in the second division, the ordinary patterns are dispensed with, heavy castings of a 
re^lar form, such as sugar-pans, gas-retorts, etc., being produced. 

Materials and Tools. —The principal materials used in the various branches of moulding are 
sand of various kinds, clay, blackening, coal-dust, and cow-hair. 

Sand is generally the best material for formi^ moulds, as the hot iron has no chemical action 
upon it; it behaves well as a conducting medium for the air expelled from the space by the metal, and 
for the gases generated in the mould ; it possesses considerable adhesiveness when rammed together; 
and it is made to conform very accurately to the surface of the pattern. The principal element of a 
good sand should be silica, with a little magnesia and alumina. Parting-sand should be of a lighter 
color than the moulding-sand, and should be clean, fine-grained, and of uniform texture, free from 
salt and chalky matters. Red-brick dust, fresh free sand, or blast-furnace cinder may be used; but 
in any case the substance employed must be one which does not retain moisture. Green-sand moulds 
are faced with oak-charcoal dust ground to an impalpable powder. Dry-sand or loam moulds are 
faced with wood-charcoal dust ground to powder, or with a black wash consisting of coal-dust mixed 
with water. Moulding-sand is always mixed damp with about 1 part of coal or charcoal dust to from 
10 to 15 parts of sand. In facing-sands the proportion of coal-dust varies from 1 in 10 to 1 in 20. 
The use of the coal-dust is to supply a binding but porous material, which shall be of service when 
the sand and clay of the mould shall have been intensely heated and perfectly desiccated by the flow¬ 
ing metal. Many other substances have been proposed and tried, but no one of them has proved to 
be superior to coal-dust. 

Loam as a material for moulds is next in value to sand. It is clay, either calcareous or ferrugi¬ 
nous, containing a considerable quantity of sand. Pyrites and flinty pebbles are objectionable in it, 
and the presence of more than 6 per cent, of carbonate of lime should determine its rejection. Loam 
is ground in suitable mills; and in order to give the necessary porosity to such portion as is used for 
the body of the moulds, powdered coal and coke, horse-dung, straw, chaff, ox-hair, bran, or chopped 
tow may be added. 

Mouldert' Tools, —In Fig. 3115 are represented the different kinds of tools used by moulders. 
E is the trowel, the instniment in most frequent use. There are various sizes of it, from one-fourth 
to 2 in. broad in the blade, and 3 in. long generally. The purpose of the trowel is to clean away and 
smooth down the surface of the sand, to press down and polish the blackening, repair injured parts 
of the moulding, and so on. F is another form of trowel, of a heart shape. It is particularly 
employed for entering acute angles in a moulding, into which the square trowel evidently cannot go. 
H is another form of tool for managing hollow impressions in the sand. Cis the form of the sleeker 
and cleaner. As the trowel is applicable onlv to open, plain surfaces, this tool is used for cleaning 
and smoothing sunk surfaces in the sand which the ordinary trowel cannot reach, as the impression 
of a flange, or of any flat part of a pattern presented edgewise to the sand. The upper end is applied 
to the sides of such an impression for sleeking or smoothing it, and the under end goes to the bottom, 
where it is used both for taking up loose sand lying there, and for pressing and smoothing down the 
surface. It is to be noticed, too, that the upper end is presented edgewise to the direction of the 
spade at the under end, so that when this is employed at the bottom of a deep recess, the upper end 
stands sidewise to the sides of the recess, and permits free motion. D is the first rammer; it is 
about 4 ft. 6 in. long, and its under face is about 2 in. by 1 in. Sometimes the upper end, by being 
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tapered off, is made to serve for forcing holes in the sand. B is the second rammer for finishing the 
work of the first. It is round in the face, about 3^ in. diameter, with a wooden shank of convenient 
length. A represents the pincers used for laying hold of and shifting about the castings. O \jo M 
represent the forms of the cast-iron sleekers employed in the operations of hollow moulding. J and K 

are convex and concave sleekers for corresponding surfaces. 

3115 . L and M are tools with double plane surfaces at certain 

angles to each other. Of these there are a variety having 
their planes at different angles to suit the various salient 
and retreating angles that occur in mouldings. & is a 
sleeker for the impressions of beads, and I serves to smooth 
flat surfaces geneitdly. Besides these tools, shovels are used 




for working the sand, sieves and riddles for refining it, and 
bellows for blowing off loose sand from the mouldings; pots 
y for holding the parting-sand and the water used, swabs for 
water, and bags for blackening. There are 
l[ / j/^ ihl piercers and prickers, as they are termed, being pieces 

^ I] of thick iron wire, sharpened at one end to a pomt, for 

piercing the sand to let off air. 

In sand-moulding, where but few articles are to be produced from the mould, a wooden pattern 
suffioes; but as such patterns become distorted by warping, metal ones are preferably employed. In 
order to make a metal pattern, however, a preliminary one of wood is required; and the manner in 
which this pattern is put together determines the manner in which the mould is to be made. Hence 
the operations of the pattern-maker control to a great extent those of the moulder. Whenever prac¬ 
ticable, the pattern is so formed as to enable its moulding to be performed by a mould parted in one 
place only. Examples of patterns which will illustrate the general principles of pattern-making are 
given further on. 

The explanatory diagram. Fig. 3116, will elucidate the principles concerned in the construction of 
the pattern to provide for its extraction from the mould. The figure to be moulded is supposed to 
be a rod of elliptical section, the mould for which might be divided into two parts through the line 
A By because no part of the figure projects beyond the lines a 6, drawn from the margin of the model 
at right angles to the line of division, and in which direction the half of the mould would be removed 
or U/ied; the model could be afterward drawn out from the second half of the mould in a similar 
manner. The mould could be also parted upon the line CD, because in that direction likewise no 
part of the model extends beyond the lines c d, which show the direction in which the mould would 
be then lifted. The mould, however complex, could be also parted either upon A B or C By provided 
no part of the model outstepped the rectangle formed by the dotted lines b c, or was undercut. But, 
oonridering Fig. 3116 to be turned bottom upward, and with the line B F horizontal, the removal 
of the entire half of the mould upon the lines e f would be impossible, because in raising the mould 
perpendicularly E Fy that portion of the mould situated within the one perpendicular e would 
cat^ against the overhanging part of the oval toward A. Were the mould of metal, and therefore 
rigid, it would be entirely lock^ fast, or it would not “ deliver; were the mould of sand, and there¬ 
fore yielding, it would break and leave behind that part between A and E which caused the obstruc¬ 
tion. Consequently, in such a case, the mould would be made with a small loose part between A 
and Ey so that when the principal portion, from A to Fy had been lifted perpendicularly or in the 
direction of the line s, the small undercut piece A Xo E might be withdrawn sidewise, on which 
account it would be designated by the iron-founder a drawhacky by the brass-founder a faUe core. 

The moulds for small castings are made in frames termed flasks, and these are further designated 
by the number of parts of which the flask is composed. Thus, when there is but one parting to the 
noould, the flask, b^g composed of two halves, is termed a two-part flask, and so on. In Fig. 3117 
is shown a two-part flask, the upper portion of which, C, is termed the copcy and the lower, Ny the 
Dowel. To hold the sand in the flask, cross-bars arc employed, which are fixed to the flask so as to 
leare a thickness of an inch or two of sand all around the surface of the pattern. In Fig. 8118 is 
shown a pattern composed of two halves and to be moulded in a two-part flask, the vertical line A A 
showing the division of the pattern. 

The method of moulding is as follows: In Fig. 8119, J\ri8 the nowel, placed upon a piece of 
board B which rests upon the floor (or upon a bench if the work is very small). One half of the 
pattern P is placed upon the board, and the flask is filled with sand. The sand is at first sifted 
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through a sieve to eliminate any foreign substances and insure having fine sand around the pattern, 
so as to obtain a smooth casting. As the filling proceeds, the sand is tightly rammed around the 
pattern, and finally it is leveled off even with the top of the fiask. The latter is then turned upside 
down, and the top half of the pattern is placed upon that already in the nowel. Two dowels are 
provided to insure that the two half patterns shall coincide all around their edges. The cope is then 
placed upon the nowel, and to maintain it in its proper position and enable its removal and rein¬ 
statement in the same place, it is provided with two pins on one side and one on the other, the 
nowel having lugs containing holes to receive the pins as shown in Fig. 8120. The top flask is then 
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similarly filled with rammed sand, the finished mould appearing as shown in Fig. 8120, in which P P 
are the two halves of the pattern, N the nowel, and C the cope. R is the gate or hole through which 
the melted metal is poured. It is made either by forcing a thin tube through the cope, or else by 
inserting in the cope before filling it with sand a wooden pin, the extraction of which after the cope 
is filled leaves the gate. To enable the gases which are generated by the melted metal to escape 
gradually without causing an explosion, the sand is pierced by a piece of fine iron wire, leaving nu¬ 
merous vents which arc too fine to permit the melted metal to enter them, and yet are Bufficiently 
large to afford vent, as it is termed, to the mould. The cope is taken off to extract the pattern, one 



iron wire is lightly driven into the pattern and tapped laterally in two or more directions. Hence the 
mould is always larger than the pattern from which it was formed. This, however, is offset to some 
extent in small castings by the contraction of the metal while passing from the fluid to the solid 
state. It is found in practice that in castings of about 4 in. section the loosening of the pattern 
in the mould is about the same in amount as the shrinkage of the metal while cooling; hence, as the 
size of the pattern decreases the casting will be larger, and as it increases it will be smaller, than the 
pattern. In moulding very small patterns it is not necessary that the patterns be made in two halves, 
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although they may be moulded in a two-part flask. Thus all the patterns in Fig. 3121 could be 
made in one piece and piessed half-way into the sand of the nowel, as shown. After a pattern is 
moulded complete, it is necessary, previous to pouring the metal, either to place weights upon the 
cope, or else, as in the case of small flasks, to clamp them together as shown in Fig. 3122 ; othcr- 
irise the gases generated by the fluid metal will cause the cope to lift, and the metal will flow out 
through the parting of the mould. 

Cores are bodies of sand placed in the mould to serve as a part of the pattern, and in many cases 
to enable the pattern to be cast in a two-part flask, where a three- or four-part one would otherwise be 
requisite. Thus, in Fig. 3123, ^ ^ are patterns and B B the respective cores. The patterns in this 
case would be made of the forms and sizes of A and B respectively, B being in each case removable 
from A, The patterns would be moulded irrespective of the cores, and the latter would be placed 
in the complete mould after the patterns were extracted. The cores themselves are made in a 
separate mould termed a core-box, which is usually composed of two halves to admit of the extrac 
tion of the core. Fig. 3124 shows the halves of a cylindrical core-box, C representing the core. 

From the weakness of cores they are usually taken from the box in the position In wMcli they 
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will lie. Thus, in Fig. 3125, the core C would be laid flat on an iron plate qnd the sides of the box 
removed. If the cores are so slight as to render it necessary, pieces of iron are inserted in the 
oore-box to strengthen them; and in any event they are dried in an oven, which adds considerably 
to their strength, especially when flour or some similar substance is mixed with the loam, as is the 
esse in small cores. 

Some core-boxes are made like Fig. 3126, for cylindrical cores; these diyide through the axis, and 
are kept in position by pins; at the time when they are rammed they are flxed together by wood or 
iron staples, embracing three sides of the mould, or else by screw^lamps. For straight cores, say 1 
in. wide, 12 in. long, and half an inch thick, the pieces of wood. Fig. 8127, are also 1 in. thick, with 
an opening between them 12 in. long and half an inch wide. This core-l)ox is laid on a flat board; 
it is also held together with clamps, but without pins in the oore-box, as the projection at the one 
end gives Uie position; it is ramm^ flush with both sides, and the two parts can be then separated 
obliqoely. If it is preferred to make the cores to the precise lengths instead of cutting them off, 
this oore-box admits of contraction in length, in the manner of a type-mould; and by placing thin 
slips between the two halves it may be temporarily increased in width, but not in thickness. Fig. 8128 
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is a similar core-box for a casting with circular mortises; this requires either pins or projections at 
each end, as it cannot be open^ obliquely. Core-boxes are sometimes made of plaster of Paris; 
wood is much better, and metal the best of ^1. 

Many works require core-boxes to be made expressly for them; thus the dotted line in Fig. 8126 
shows an enlargement in the centre for coring a bole of that particular section. Figs. 3129 and 3180 
represent the two halves of a brass or lead core-box suitable to the stop-cock. Fig. 8181; and Fig. 
3132 shows the core itself after its removal from the part of FMg. 3130 in which it is also figured. 
In Fig. 3131, the model from which the object is moulded, the sh^ed parts represent the projections 
or eore^printg^ which imprint within the mould the places where the extremities of the core. Fig. 
3132, are supported when placed therein. 

Tbe various kinds of core-boxes are rammed full of new sand, sometimes with extra loam; the, 
long cores are strengthened by wires; they are carefully removed from the boxes, and thoroughly 
drM before use, in the oven prepared for the purpose. Others prefer sand, horse-dung, and a very 
little loam, for making cores; these are dried and then well burned, for which purpose they are put 
into an empty crucible within the fire, the last thing at night, and allowed to remain until the mom- 
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ing. This consumes the small particles of straw, and renders them more porous, in consequence of 
which the works become sounder from the free escape of air, which cannot be too much insi^ed upon. 

Fig. 8188 represents several examples of coring. In this view the works are represented of their 
ultimate forms, that is, with the holes in them. In Fig. 8184, the models are arranged in the flask, 
with the runners all prepared, the prints of the cores being in every case shaded for distinction. 
Thus a is the stop-cocl^ of which explanation has been already given, b has a straight and a circu¬ 
lar mortise; this pattern delivers its own core^ as the model is made with mortiseelike the finished 



work, e only requires a perpendicular square core; d a round core parallel with the face of the 
flask, and in this manner all tubes and sockets are cast, whether of uniform or irregular bore (see 
Fig. 8126). e has two rectangular cores crossing each other at right angles; and/ is the cap of a 
double-acting pump, the core for which is shown in section by the white part of Fig. 8185, the shaded 
portions being the metal. The great aperture leads to the piston, and the two smaller are for valves 
opening inward and outward; this of course requires a metal core-box capable of division in two 
parts, and made exactly to the particular form. 

In addition to the cores used for making holes and mortises, much ingenious contrivance is dis¬ 
played in the cores employed for other worn of every-day occurrence, the undercut parts of which 
would retain them in the sand but for the employment of these and analogous contrivances. It will 
now be readily understood that if, in Fig. 8128, the parts shaded obliquely were separate, there 
would be no difficulty in removing first the upper half of the flask, then the false cores, after which 
the patterns would be quite free. By such a method, however, the circular edge of a sheave would 
require at least three such pieces; but fig. 8186 shows a different way of accomplishing the same 
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thing, when the pattern is made in two parts in the manner represented. The entire model is first 
knocked into the side the sand is cut away to the inner margin of the pattern, whidfi tennhiatea 
upon the dotted line a, and the side A of the mould is then well dusted; a layer of sand is now 
thrown on, and rammed tolerably firm to form an annular core, which is made exactly level with the 
inner margin b of the pattern, and the core is well dusted; lastly, the side B is put on and rammed 
as usual To extract the model, the side B is first lifted, the half pattern b b (which is shaded) is 
removed, and the ingate is cut in the side B to the edge of the pulley; the mould is well dusted with 
flour and replaced. The entire mould is now turned over. A is first removed, then the remaining 
half pattern a a, which must be touched very tenderly or it will break down the core; and the runner 
(which divides in two branches around the core) is also scooped out in the side J, which is dusted 
with flour and replaced, ready for pouring. Common patterns not requiring cores are frequently 
divided into two parts in the above manner, so that when the mould is opened the pattern may divide 
and remain half in each side; this lessens the risk of breaking down the mould and the attendini 
trouble of afterward repairing it. 

The cores for long pipes and similar objects are made as shown in Figs. 8187 and 8138. A piew 
of board B is made with one edge formed to suit the shape of core required; an iron bar iB 
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mounted on two trestles A A^ and a crank-handle is affixed at one end of which is reyolved, and 
a twisted straw rope is wound around it from end to end. The rope is then covered with a mixture 
of loam and horse-dung, which is swept into cylindrical form by the edge of the board which is 
held to the trestles by weights or their equivalents. The core proper has thus a straw core, through 
which the gases generated in the mould by the fluid metal may pass freely off. In some cases the 
cores themselves are nutde in halves and placed together after being dried. An example of this is 
shown in Fig. 3189, which is a core for a faucet-o^, the line of division being denoted hj A £ C 
D. Fig. 8140 shows an example of the use of a core to enable the pattern to be cast in a two-part 
liask. The pieces A £ (which could not otherwise be extracted from the mould) are attached to 
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the body of the pattern by the wire shown at A, C is a core-print—^that is, a piece of wood form¬ 
ing a part of the pattern, but not to be found in the casting, being provided to form a recess in the 
mould into which the core itself can be laid, and by which it can be supported in the mould. In this 
case the moulder would withdraw the wire pin after having rammed the sand around the lower part 
of the pattern. Hence, when the body of the pattern is withdrawn the pieces A and £ are left in 
the mould, and must be extracted laterally afterward. 

Cores are sometimes swept up as shown in Figs. 8141 and 8142, which represent a half core for a 
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pipe-bend. An Iron plate P, having its edge trimmed to the shape of the required core, is provided, 
upon which the core in separate halves is made and dried. C represents the core, and S a piece of 
wood termed the ** strike,” strengthened by the battens or plates £ £, The edge of the semicircle 
of the strike is leveled off as shown. The core-maker places upon the iron plate sufficient material 
to form the core, and, placing the strike against the edge of the plate, sweeps it along that edge. 
The semicircle of the sweep leaves the core upon the plate while removing off the surplus material. 
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MaMg f<yr Chilled CaHings .—Chilled rollers are the most important examples of chilled castings. 
The mould for a <^lled roller consists of three parts, as shown in Fig. 8143. The lower box of iron 
or wood ia filled with “ new sand,” or a strong composition of clay and sand, in which a wood pat¬ 
tern is moulded, which forms the coupling and the neck of the roller. The middle part of the 
mould is the chill, a heavy iron cylinder well bored. The upper part of the mould again consists of 
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a box, but is higher than the lower box, so as to make room for the head in which the impurities of 
the iron (srdlage) are to be gathered. The two boxes with their contents of sand must be well dried. 

In some estabUsbments the two ends of the roller are moulded in loam orer the chill, to secure con¬ 
centricity of roller and coupling; but this can be quite as safely arriyed at by fitting the ears and 
pins of the boxes well to the chill The chill is the important part in this mould: it ought to be at 
least three times as heavy as the roller which is to be cast in it, and provided with wrought-iron 
hoops to prevent its falling to pieces, for it will certainly crack if not made of very strong cast iron. 
The iron of which a chill is cast is to be strong, fine-grained, and not too gray. Gray iron is too bad 
a conductor of heat; it is liable to melt with the cast. Iron that makes a good roller will make a 
good chill The face of the mould is blackened like any other mould, but the blackening must be 
stronger than in other cases, to resist more the abrasive motion of the fluid metal The chill is 
blackened with a thin coating of very fine black lead, mixed with the purest kind of clay; this coat¬ 
ing must be very thin, or it will scale off before it is of service. 

JobsotVs System of Hollow Mouldina, —A great improvement was effected in this class of moulding 
by the arrangements introduced and employed by R. Jobson, especially where a large number of 
castings are required from one pattern. In Mr. Jobson’s process of molding, after the pattern has 
been &rst partially imbedded in the sand of the bottom box as in ordinary moulding, A, Fig. S144, 
and the parting surface has been accurately formed, the top box is pla^ on, and is filled with 
plaster of Paris or other similar material, to which the pattern itself adheres. When the plaster is 
set, the boxes are turned over, the sand is carefully taken out of the bottom box, and a similar pro¬ 
cess repeated with it, as in By using clay-wash to prevent the two plasters from adhering; this forms 
a corresponding plaster mould of the lower portion of the pattern. These two plaster moulds may 
be called the waste blocks,’’ as they are not used in producing the moulds for casting, but are 
subsequently destroyed. Reversed moulds in plaster, C and i>, are now made from these waste 
blocks, the pattern being first removed, by placing upon the bottom box a second top box, an exact 
duplicate of the former top box, and filling it up with plaster, having used clay-wash as b^ore, and 
doing the same with the other box. Reversed moulds are thus obtained, from which the final sand- 
moulds for casting are made, by using them as ** ramming blocks,” upon which the sand forming 
the mould is rammed by placing a thM duplicate top box, Fy upon the ramming block, and a cor¬ 
responding bottom box. By upon the ramming block. The requisite gits, or gates, runners and 
risers, are formed previously in the original sand-mould, and are consequently represented in the 
ramming blocks, D and By by corresponding projections or ribs upon the parting face of the one 
and hollows in the other, which are then stopped up with plaster, and these are properly repeated 
in the final sand-mould, E and F; these last therefore, when put together, form a complete mould 
for casting, just like an ordinary sand-mould, O. 

Loam-Moulding. —In the casting of metals, especially those having high melting-points, there la 
always more or less production of gases, together with expansion of air; and if the operation were 
performed in a mould which was not porous, the bubbles would mar the surface of the casting as 
well as enter to a certain extent into its interior. It is therefore necessary that the mould should 
possess sufficient porosity to allow of the escape of aeriform matter. Moisture in a mould is only 
admissible in small castings which cool quickly. Used for large masses of molten iron, the amount 
of steam formed, together with the expanding gas, would not only endanger the mould, but also the 
workmen. Dry moulds made of loam are consequently used in heavy castings, partly for the above 
reasons, and partly because sand could not be properly manipulated or retain^ in place in large and 
massive castings. The casting of large (flinders, b^-plates, and condensers for steamshipa ia a 
very intricate process, requiring good engineering abilities, skill in draughting, and experience in the 
designer as well as in those who execute the work. The moulds are usually worked from drawings 
instead of being formed upon patterns. A single piece of machinery is often complex in form, and as 
the art of the moulder consists in forming a hollow cavity where the carpenter or cabinet-maker would 
make a solid body, it must be seen that be has a much more difficult task before him; for he has not 
only to form an inside structure similar to the future cast, but an outside one of a reverse form as 
well, and these two forms must be perfectly related to each other. He has also to provide chan¬ 
nels and gateways for the pouring of the metal, and they must be so arranged as to secure ita per¬ 
fect flowing to every part, and as nearly as possible its simultaneous cooling. Allowance must also 
be made for shrinkage, and an almost infinite number of precautions, suited to particular exigencies 
as they arise, must observed. The draughting requires great forethought and calculation, and the 
execution not only involves a perfect comprehension of the plan, but a constant vigilance in awolding 
errors and causes of miscarriage. A description of the moulding and casting of a complex piece of 
machinery would require a very great detail of explanation and numerous illustrations, and then could 
not be comprehended except by repeated visits to the foundry. The moulding and casting of a sim¬ 
ple cylinder will therefore be taken. 

A loam-mould, secured in a pit, and ready for casting, is represented in Fig. 8145. a is a hollow 
mould surrounding the core, and surrounded by the cope; 5, hollow inside of core; e c, bolts hold¬ 
ing cope together; d, air-tube for discharging air from core; e air-tubes; f /, pouring-holes. It 
is constructed in the following manner. An iron foundation-plate is laid upon the floor of the foun¬ 
dry, and leveled. An iron ring, flat and of a breadth equal to the thickness of the walls of the core 
which is to be built upon it, and of a diameter equal to that of the inside of the future cylinder, is laid 
down, and the core is built upon it to the height desired. An apparatus for describing and sweeping 
the surface of the core is now erected, which is called a sweep, and consists of a spindle and tem¬ 
plet, represented in Fig. 8146. An arm a, supported by some portion of the building, holds the up- 
per end of the spindle 6, while the lower end turns in a bole in the centre of the foundation-plate. 
A collar, c, which may be adjusted at any required height, is provided with an arm, to whifdi again 
the templet d is firmly held by means of a mortise, which slides over the arm, and may be set at any 
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desired distance from the spindle. From the construction of the machine it will be perceived that it 
may be used to describe either the inner or outer surface of a cylinder; therefore it serves.to give 
form both to the surface of the core and to the inner surface of the cope. After the sweep is placed 
in pMidon, the core is commenced by building up a cylinder of brickwork upon the circular plate, 
its dimensions being governed by the templet, which in sweeping about its axis should leave a small 
space between itself and the bricks to allow of finishing with loam. The bricks are laid up in loam, 
and the same material is laid upon the surface until it has sufficient thickness to be scraped off by 
the temple^ as shown in fig. 3146. The top of the core may be swept and leveled by the arm, the 
templet being removed. If the cylinder is to be cast with a bottom, an iron plate is fitted to the 
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upper end of the core, and a proper thickness of loam laid upon it. This may be built upon the 
core, or it may be done separately, and the parts put together after they are dri^. When the core 
is finished it is lifted by a crane, by means of chains or rods attached to the circular plate upon which 
it rests, upon a car which passes on a track to one of the drying ovens represented in fig. 3147. The 
templet is then placed at that distance from the spindle by which it will describe the inner cylindrical 
surface of the cope, which is built up with brickwork and loam in a similar manner to that used 
for the core, except that for convenience it is usually built in two sections (see Fig. 8148). Iron 
rods are laid in the brickwork, passing from top to bottom, and securely fastened to the bottom 
plate. A cap is then made by fitting an iron plate to the top, adding brick and loam, and securing 
it by the rods which pass through the walls from the bottom plate. When finished, all these parts 


are washed with a mixture of charcoal or plumbago dust and water, the mixture being sometimes 
applied two or three times. A strong cross-piece of iron is then fastened to the top of the cope, 
hoisted by means of a crane upon the carriage, and taken to the oven. 

After both core and cope have been thoroughly dried, they are lowered into a pit formed in the 
floor of the furnace. Upon the bottom of this pit there is an iron foundation upon which the cope 
and the core both rest, and to which they are properly adjusted and secured. Care has been taken 
to provide the cope with the necessary holes for pouring and for the discharge of air. Sand is then 
thrown into the pit about the sides of the mould, and well tamped down to prevent any spreading 
(he coBtlng. The relation of the parts is represented in Fig. 3146. A powerful expansive 
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force is applied to the interior of the mould when the hot metal is poured in, and the greatest pre¬ 
cautions must be taken to have all the iron fastenings as well as the sand tampings strong enough to 
withstand the pressure. Into the holes intended for the escape of air iron tubes are placed, of suffi¬ 
cient length to reach above a layer of loam which is now laid over the cope. Into the holes for 
pouring plugs are placed and the loam formed around them in cups, which are connected with chan¬ 
nels through which the metal runs in pouring. In the figure a tube is seen leading a few inches 
downward from the lower part of the hollow of the core, then horizontally beyond the edge of the 

mould, and thence up to the surface of the foun- 
8149 dry floor This is for the purpose of carrying off 

gaseous products from the core. In casting a 
cylinder without a bottom, it will only be neces¬ 
sary to have a tube extended directly upward to 
the surface. The securing of the mould for the 
cylinder of a large steam-engine is a matter which 
requires the greatest vigilance. The pit into which 
it is lowered must be dry, and is generally built 
like a cistern and brick^ and cemented on the 
sides and bottom; and care must be taken to 
keep the mould dry till the casting is done. The 
cope must be well bolted to the bars that come 
through the sides from the bottom. A rim of 
iron plating may be placed around the part that 
projects above the ground, reaching high enough 
above the top of the cope to hold a layer of sand. 
A heavy iron cross is then raised over the mould 
and fastened with bolts, by which and also by its 
weight It aids in sustaining the strain at the time 
of casting. This is called packing. Fig. 8149 
represents the packing of a mould for a large 
cylinder. 

Sweep-moulding for small work is illustrated in Figs. 3150 to 3168. Let it be required to produce 
a casting such as is shown in Fig. 8160, a sort of pan or boiler, often used. Fig. 3163 is a sectional 
view of the mould complete; it is formed of two parts, the lower bei^ called the “ seat ’’ and the 
upper the ** cope.** Figs. 8168 and 3164 illustrate the method of forming each of these parts. The 
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material used by the founder is called loam, a clayey, plastic composition, very soft. After a certain 
quantity of this material has been piled up, the sweep is revolved; it shears down the high places 
and indicates the holes or hollows. Into the latter more material is placed, and the sweep is passed 
round again, and so on until the job is perfected. It will be noticed in Fig. 3163 that Uie two parts 

of the mould are retained in their proper position by a projection 
on one fitting into a recess in the other; this is the seat proper, 
and is indicated throughout by S 8, The pattem-makeria part is 
to form the sweeps, which he docs in the following manner : On a 
piece of board of the proper thickness for a sweep, the size of 
which depends on the size of the work, he draws an outline of the 
job, interior and exterior, from the centre outward; and beyond this 

he lays off his seat, as shown at Fig. 8162, the dotted lines repre¬ 
senting the interior of the piece. He has then simply to cut away 

to the interior line, and also the step at 8^ and one b^rd is finished, 
unless he knows the diameter of the spindle and the position of the 
holes in the carrying bracket attached thereto, in which case he is supposed to cut off, parallel with 
the centre-line, a portion equal to the radius of the spindle, as a recess for the hub of the bracket 

and to bore the holes for the bolts. The board. Fig. 3161, when reversed, should fit that in Fig. 

8162 at the lower part, and be of a shape to coincide with the dotted line. Its length must be enoo^ 
to extend to the centre, minus the radius of the spindle, as shown in Fig. 8161. 

It will be seen by the lines showing the grain of the wood that the board in Fig. 3161 is formed of two 
pieces, lapped at the comer to give strength; and to avoid too much cross grain, battens may be 
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when it is thought ncoeasary. In striking up cores with a horizontal spindle, the working-edge of 
the board should be beveled; and it is ha^y necessary to say that the same is applicable in this case. 
PP, Fig. 8161, is a circular plate of cast iron, used to support the mould while soft; it is not shown in 
Fig. 3162. By the same method, only varying the outline of the sweeps, a large class of circular work 
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may be produced, including vases, speed-cones, etc. Sometimes it is necessary to cast brackets, pipes, 
or other projections upon the main piece; to do this, patterns must be made of those projections, and 
as many patterns as there are projections. The height at which it is required to bed in these brack¬ 
ets, eta, must be indicated to the moulder by a small V cut into the sweep; this will produce, as the 
sweep revolves, a line upon the mould. For the rest, unless simple directions can be given, the pat¬ 
tern-maker usually visits the foundry, and assists in placing, or at least in verifying the position of 
the pieces. When the mould is sufficiently bard, and before it is baked, these patterns are withdrawn. 

A good illustration of the manner in which moulds may be used in conjunction with sweeps 
is furnished in the ordinary engine-cylinder. Fig. 8154 is a sectional elevation of a complete mould. 
Fig. 3166 is a horizontal section of the same, on the line A showing the outlet for the exhaust- 
steam. This mould is composed of four parts that are swept or struck up, namely, 8 8 the seat, 
A B the body, C C the cope, and M the main core. The latter may be struck up on a horizontal 
arbor or formed in a box. In addition to the parts above enumerated are the two steam-port 
cores and the exhaust-port core, all formed in core-boxes. The procedure is as follows: With a 
board, shown in Fig. 8166, the seat 8 8\s struck up; upon this when dried is placed a flange of wood. 
It is set centrally; the seat is also carefully beveled and set by the spindle. A pattern of the slide- 
face, with the parts in which the steam and exhaust passages occur, is set in position on this flange; 
the top flange of wood is now added, and temporarily flxed to the slide-face pattern, and shored up 
on the opposite side, so as to maintain it true and level. With the board, fig. 8167, is formed the 
body, A B, The shape of the ex¬ 
terior of the mould is not impor- 8160. 

tant; it is left rough, but some 
mark must be made, so as to be 
able, after removing it from the 
seat, to restore it to the position as 
before. When the body has dried 
sufficiently, the pattern flanges and 
slide-face are withdrawn, the body 
being lifted from the seat for this 
purpose by means of bolts passing 
through it, and terminating in a 
cast annular plate at the bottom. 

The projecting flanges on the slide- 
face are attached by wires or dove¬ 
tails; otherwise the piece would 
be lo^ed in the mould. The side- 
print for the exhaust-port is at¬ 
tached also by a loose wire. Fig. 

8168 is a board for sweeping up 
the cope, C C. The whole of these 
boards are represented as carried 
to the centre of the spindle; al¬ 
lowance must therefore be made 
for the spindle and bracket For 
very large cylinders, wood flanges 
are not ns^ the sweeps being 
made to a shape to perform the 
whole of the work. 

ICOULD-MAKIHO Maghiicxs.—F ig. 

8169 represents Eaves k Broad- 
meadow’s machine for ramming the moulds of small castings. There is a carrii^e composed of a 
table which is supported on segmental arms B^ the latter resting on ways U, attached to the 

standard. The segments B are connected and travel upon the same arc, so that upon them 
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the table can be moTed toward or from the workman at wilL In the table is an aperture, throng 
which works the rod supporting the platen />. The lower end of the rod recdyes a projection on 
the vibrating cross-piece E, To the latter is attached the operating lever. In mouldi^, the table 
is first swung outward by pushing up the lever, and so locked Then the match and pattern are laid 
upon the platen, and above the former the lower half of the snap-flask. After the sand is pat in, 
and the receptacle evenly filled, the back-board is laid on top, the table swung in, and the lever palled 
down. The back-board is thus brought up against the head-plate, forcing down the loose sand be¬ 
neath it. The table is again carried outward: on the pressure being related the match is removed, 
the flask reversed, and the cope adjusted; sand is placed in as before, another board is laid above, 
and the whole is compressed. Moulds for small objects can be made by this machine in a little over 

half the time required 
to produce them by 
hand; and in general 
the average saving 
of labor effected is 
about S3 per cent 
Gear-W heel 
Moulding Machine. 
—In figs. S160 and 
3161 is shown amould- 
ing machine for work 
of large gear-wheels, 
etc., upon an improved 
plan, as regards the 
mechanical means of 
moving the moulding- 
board to the requir^ 
amount 

* It has hitherto 
been usual in ma- 

‘chines of this class to employ a series of ** change-wheels,*' by the variation of which a certain definite 
number of changes in the pitch or interval of division can be produced; but in the machines we show 
in our engravings, all change-wheels are dispensed with, and the limitation as to pitch or interval of 
division is practic^ly infinite. 

The invention itself, speaking strictly, consists in the application of a small hinged stop carried by 
a movable slide placed on the edge of a plate-wheel or disk, about 10 inches in diameter, whidi is 
clearly seen in each machine. Tl^ disk is a fixture, and through its centre works the spindle and 
worm which gears into the master worm-wheel of the maclnne, the spindle being turned as may be 
needed by the handle seen in front. The worm-wheel may be of any convenient size and pitdi, but 
must of course be thoroughly well cut to reproduce good work. The worm-wheels in the ma^ 
chines we illustrate have been made with 200 teeth, but there is nothing to prevent any other num¬ 
ber of primary divisions being employed. The handle shown on the end of the worm-spindle has a 
spring-catch in it, which slips into a notch cut for its reception in the face of the 
disk, when the handle is in its normal position as shown; the handle is also so 
arranged that it can be made loose, or firmly grip the worm-spindle at the will of 
the operator using the machine, by simply turning a small handle and screw as 
shown in Fig. 3160, or by / 

the longitudinal movement 
impart^ to the central pin 
shown in Fig. 8161, in which 
case the handle is hinged 
for this purpose at about 
midway of its length. In 
each case the effect is the 
same, and the handle may 
be made to slip freely on 
the spindle, or to turn the 
spindle, as may be desired. 

It is evident, therefore, that 
if the handle be made to 
grip the spindle and one 
complete turn be given to it, the resulting movement will be that the machine will have been naoTed 
in exact accordance with the division of the worm-wheel, or of the circumference of a ciitde, 
and would therefore, in a wheel-moulding machine, as Fig. 3160, be suited for making a wheel with 
200 teeth. But if a wheel of only 100 teeth were required, it is equally evident that two turns of 
the handle would produce the required result. But if 201 teeth were ne^^, or any number greater 
than 200, the handle must be moved something less than one entire revolution; and if less than 200 
teeth be required, the handle must make something more than one revolution. For properly attain¬ 
ing this purpose, the periphery of the disk is carefully divided into 1,000 parts, which are clearly 
marked upon it by fine lines. 

The movable slide, with its little hinged stop, can be set to any one of these divisions, or ewen, if 




• Engineering. 


Digitized by v^ooQle 




MOULDING. 


457 


need be, between any two of them, though Buch accuracy will be practically unnecessary. Thus, for 
a dirision for 100 teeth, the han^e must be made to turn the spindle two entire turns, that is, 
200 200 200 

— = 2; for 160 teeth, — = 1.888 turns; for, say, 157 teeth, — = 1.2788 full, or 1.2789 nearly; 
100 loO loi 

200 

for 201 teeth, — = 0.995, the error either way being less than of the drcumference. 

But to render this system of measurement, which in itself is not new, practically useful for the 
purposes named, we find the movable hinged stop and the loose movement of the handle, or the 
patented portions of the apparatus, applied. Taking the first example (100 teeth), the handle would 
simply be made to take two turns, that is, from the notch round to the notch twice, to produce the 
first efivision. In the second case, the movable slide would have to be ** set ” with the face of the 
hinged stop at the division line 833, or at one-third of the way round the disk from the notch; and 
bei^ thus set, the hinged stop must be turned back out of the way so as to allow the handle to pass 
H on its first turn, but must be put down so as to stop the handle at that precise point on its second 
tom. Then the spindle should be fixed in its position by the set-screw seen best in Fig. 8154, 
while the handle itself is set free from the spindle (as before described) and passed backward from 
the stop to its normal position. When af^n tightened on the spindle, and the side set-screw is 
slackened, the next division can be produced in like manner. In short, the action may be described 
as consisting of “ a turn,” or “ turns,” or “ a part of a turn,” or “ a turn and a part of a turn,” or 
** turns and a part of a turn.” 

It will easily be understood how this system of subdivision may be carried to any desired degree 
of exactitude, by the increase of the number of teeth in the master wheel, and by the enlargement 
of the disk and the increase of the divisions upon its periphery, or, if needed, by the change of the 
disk into a second master wheel, and the application of the disk to it as before, by means of which 
the minuteness of the divisions could be carried to any extreme short of infinite. We have made 
personal examination of some of these machines, and have found them giving great satisfaction both 
to the owners and to the workmen using them. 

The care required in the use of these machines is no greater than that which is necessary in any 
others of a similar nature. The application of the patented stop, and the loose return-motion of 
the turning handle, is exceedingly simple. It will have been notio^ that one of our examples (201 
teeth) is a case of a prime number, the production of which by any combination of change-wheels 
not having over 201 teeth among them is simply impossible from a master wheel with 200 teeth, 
except wiUi a partial movement of the handle to some point other than its normal stopping-place, 
whidi said point would change and need to be carefully remeasured each time the required move¬ 
ment from tooth to tooth is to be made. 

the new arrangement, however, the measurement is once, and only once, made for each wheel 
that has to be moulded, and the pitches or divisions that are formed will be absolutely equal from 
first to last, and any number of divisions may be made from 2 up to 200,000 by the disk as supplied, 
or to higher numbers if needed, without a single change-wheel. The useful application, therefore, 
of Uie invention cannot fail to be appreciated, and should tend to a great extension of the use of 
wheel-moulding and wheel-cutting machines, and the consequent improvement in all classes of ma¬ 
chinery in which toothed wheels are employed. 

Statub-Mouldiko.—^T he method of proceeding to make a mould for a plaster statue from a clay 
model is as follows: The model is made pretty wet, so that the moisture from the plaster will not be 
too much absorbed before it sets. Then a mixture of plaster and water is spread over a certain 
selected portion of the statue, say the front half of the head and chest, a barrier of clay having been 
previously erected along the boundary line. After the plaster has set the clay barrier is removed, 
any injuries that may have happened to the back part of the head and chest are repaired, and the 
ed^ of the plaster soaped or washed with a mixture of clay and water. A plaster mixture is then 
spread over the back of the head and chest, the two applications encasing the whole body above the 
waist. The remainder of the body may be taken in two or four pieces. If one limb is partially 
raised or much separated from the other, it may be taken in two halves by itself; but if not, the lower 
part of the body and both limbs may be moulded in two pieces, one before and one behind. Very 
^ten one arm will be taken with the chest, Vhile the other one will be taken separately. After set¬ 
ting, all the pieces may be removed, and of course some of the clay will be brought away with them; 
but that is of no consequence if the plaster mould is a good one, because, with care, a copy is now 
secured. After removal, the separate pieces are cleaned with water and the careful use of a brush. 
The pieces may then be pot together and the different parts of the statue cast. Measurements have 
been taken from certain points on the clay model to the dividing lines, and recorded. These points 
and lines are reproduced on the plaster casts, so that their edges may be cut to precisely fit each 
other and preserve the symmetry of the original model. The suitue is then completed by putting 
all the parts together and cementing them with plaster mixture, which is spread on over tiie seams 
on the inside by the hand, introduced through on opening made for that purpose, which is afterward 
repaired in the same way. If a bronze copy is to be taken, and the bronze-founder prefers to have 
the pieces separate, of course the joining will not be done. In cases where the statue is clad to the 
throat, there will be one additional piece of work to be performed to prepare it for the bronze- 
founder, whicdi is to detach the head, and add plaster in a conical form to the neck, which is to be 
fitted into a collar; for the head should be cast separately in bronze, and the artist should separate it 
and fit it in Hs joint himself, so that the proper pose shall be preserved. 

A statue in bronze is cast in two or more pieces, generally in from four to six, the number of pieces 
usually being in inverse proportion to the mechanical and technical skill of the founder. The princi¬ 
pal difficulty in casting a statue whole is the cracking and straining of parts on cooling and con- 
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traction of the metal. If, howeyer, this can be cast very thin, and unifonnly so in every part, avoid¬ 
ing masses where there are folds of dress or any irregular surfaces, no cracking may occur. It is not 
always, however, desirable to avoid division, because the parts may be skillfully joined and much 
tedious labor saved. In the case of such a work as the statue of Pall^, shown in Fig. 3162, the whole 
figure, with the exception of the right arm and upper part of the spear, which are to be removed, 
may be cast in one piece. If of plaster, we will suppose the model to have been varnished with a 
solution of shellac in alcohol, previous to which it may have been painted with linseed oil and dried, 
to harden the surface; but this may have been omitted. The statue is laid upon some very fine 
loam in the iron flask in which it is to be cast, and well adjusted in a bed prepared for it, whidi 
fits its surface perfectly, giving a firm support A quantity of fine loam (which is only to be obtained 
in a few localities, possessing peculiar physical properties, adhesive and yet porous), after having been 
ground several times in a mill resembling a sugar-mill, is taken in small portions at a time and pressed 
and hammered into compact sections upon the surface of the model. Each section must embrace 
such parts as will allow of its being drawn. The process is similar to that of making a pieoe-mould 
with plaster of Paris, except that the material in the latter case is spread on in a plastic condition, 
while the former is rammed and hammered on. It is a very difficult and tedious one, requiring several 
weeks and sometimes months to make a mould for a life-size statue. In Germany a composition is 
used which is spread on like plaster and allowed to harden. Whatever material is employed, the 
problem is to fit together firm but porous sections over the whole surface, of such forms and dimen- 
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sions as will be most convenient for drawing from the mddel, and also for supporting each other after 
the model is removed. (See Fig. 8168.) Iron rods and stays are placed in the section while they 
are being hammered together, and channels leading from the top to the bottom must be formed in 
them through which to pour the metal. They are represented in the sectional cut. Fig. 8164. After 
this loam piece-mould is completed, a number of the sections are laid in a bed of loam in a flask, and 
the forming of the core is commenced within the cavity. It is made of the same material, a very 
fine loam, which was used for the outer mould, except that sometimes it has mixed with it a small 
portion of molasses or paste. It is hammered together in the same way, and when completed is a 
facsimile of the original model. It must contain an iron frame, or a number of iron rods, to strengthen 
it, and also some pierced tubing for carrying off the expand^ gases which are generated in pour¬ 
ing. Iron rods must also be passed in two or more places through it, their ends entering and rest¬ 
ing in the outer mould. When the latter has been carried up piece by piece and the hollow completely 
filled with the hammered loam, it is to be removed and the loam statue placed in the proper position, 
and its surface carefully pared down to a uniform depth. This forms the core, which is represented 
in Fig. 3162 by the smsdler statue. When placed within the outer mould and properly adjusted, there 
will be a space, equal in depth to the thickness of the paring, between every part of the surface of 
the core and the inner surface of the outer mould. It will be observed that In this case the holes 
for pouring and for the escape of air are made at the base of the statue, which for casting is to 
be turned upside down. In casting statues in one piece, they are usually placed in this poaitioo. A 
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perpendicular section through both outer and inner parts of the mould and the containing flask has 
the appearance represented in Fig. SI64, with the exception that the iron framework for strengthen¬ 
ing the parts has been omitted, a a a is the hollow mould; h 6, channel in the cope for pouring the 
metal; e c, channel for discharging gases; dddd^ iron supports for bolding core in place; e e, air- 

tube in core. Both core and outer piece-mould 
are now placed in the oven and baked, having 
previously been carefully dressed and cleaned, 
and then washed with a mixture of water and 
plumbago or charcoal, or both combined. Af¬ 
ter the proper amount of baking, which should 
leave them dry and porous, the parts are taken 
and placed together in a flask, each part of which 
contains a bed perfectly adjusted to the surface 
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of the mould. The flask is then carefully se¬ 
cured with bolts to prevent any expansion or 
opening of the mould during the casting. 

Pattern-making. —The operations of the pat¬ 
tern-maker, conducted irrespective of the re¬ 
quirements of the moulder, involve considera¬ 
tions as to the strongest method of constructing 
the pattern; the amount of draught or taper to 
be given it to enable it to leave the sand easily; 
the amount by which the pattern is to be made larger than the required casting, in order to allow 
for the contraction of the metal while cooling in the mould; and the directions in which the grain of 
the different pieces of wood composing it should be, to prevent the pattern from warping and at the 
same time give it strength. 

To give strength to a pattern, it is built up in pieces having the grain in different directions. An 
example of this kind is given in Fig. 3165, which represents a sectional .side elevation and plan view 
of a pattern for a wheel The thickness of the pattern is divided off into a sufficient number of 
courses to have each course of a convenient thickness. It is desirable, however, to have at least 
two courses in each flange, even though to accomplish this object those courses would be thinner 
than the others. The circles in the plan view are divided off into any convenient number of parts 
(in this case six parts), and lines drawn dividing these parts. From one of them, A in the cut, a 
templet is made for the pieces or segments to compose the flange; while from the second, a tem¬ 
plet is made for a segment to form the body between the flanges. To these templets a sufficient 
number of pieces to form the respective parts of the pattern are made. 

The building of the pattern is performed with the lathe-chuck on which the pattern is to be sub- 
sequeutly turned as a foundation, first, strips of paper forming a separating lining between the 
pattern and the chuck are glued to the latter, and upon this paper the first course of segments are 
glued, each segment being glued on its side face to the paper and on its ends to its neighboring seg¬ 
ments. The second course of segments are glued to the flrst, with the joints in the middle of the 
first, so that all the joints shall not come in a line, which would weaken the pattern. In like man¬ 
ner a sufficient num^r of segments are laid to form half the pattern, the line of parting being at 
A B. When the glue is thoroughly dry, the pattern is turned up in the lathe, smoothed with sand¬ 
paper, and varnished, being much stronger and less liable to warp or distort than if made of a solid 
piece of wood. 

The amount of taper or draught given to a pattern depends to a great extent upon its size. ^ Very 
small patterns may be made almost parallel, while those entering deeply into the sand are given a 
taper of not less than one-sixteenth of an inch per foot, and in some cases three-sixteenths. The 
allowance usually made for the contraction of the casting is one-eighth of an inch per foot for brass 
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and one-tenth for cast iron. The shrinkage, however, is usually the most where there is the greatest 
body of metal, and patterns are sometimes made to bulge or protrude in those parts in order to pro¬ 
vide for the surplus shrinkage. 

Patterns are sometimes made so as to be to a certain extent variable, to suit the length of casting 
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required. An excellent example of this kind is shown in Fig. 8166, which represents a pattern for 
an architectural column for a building. The body of the pattern is simply a box with a loose lid, 
as shown in Fig. 8167. The length of the pattern is determined by the stopping-off pieces A A» 

The base B and mouldings 2>, />', 
B, and B' are removable; hence 
the same base B may be usi^l with 
longer or shorter panels B and 
B\ or cables D and D\ and it is 
only necessary to provide differ¬ 
ent lengths of patterns, for these 
-I latter parts permit the casting of 
columns of varying length. The 
ornamental panels are screwed to 
the block on one side only, the 
other being held in position by 
wire pins, which the moulder ex¬ 
tracts after having rammed around 
them sufficient sand to hold them 
in position against the block. The 
3 block is extracted vertically from 
the mould, and the side panels 
are then extracted horizontally 
and lifted out. The apparatus 
for making the cores for these 
columns is also so designed as to 
permit the construction of cores of variable lengths. A cast-iron plate A, Fig. 8168, is provided, 
with the two veitical boards B B secured in the required width apart by the angle-straps JD X). 
Core-bars G O dxe inserted, composed of tubes which afford vent to the gases and wings to hold 
the sand. The sand is rammed to the requisite length of core and leveW off on the top by the 
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strike-board F, To support the top of the boards, a clamp Fig. 8169 (which is an end view of 
the core apparatus), is employed. 

Swept Patiirns. —^Fig. 3170 represents an apparatus for sweeping prismatic and circular patterns 
for light work, constructed by Mr. Jackson of New York. In this figure the horizontal bars are ad¬ 
justable for distance apart and height upon the uprights C and D, is an index-plate detained in 
any required position by the stop- and release-pin shown attached to the bar which also carries 
the bearing supporting the table E, On the spindle to which this table is attached, and above the 
bearing, is a smaller table carrying the mould F. & is a moulding-board attached to the bar and 
it is obvious that, by lifting the pin and releasing the table the latter may be revolved, and the 
board O will sweep the top of the pattern to its own edge conformation. To sweep the flat sides of 
the mould or core, the board U is moved reciprocally, the framework holding it being designed to 
permit of lateral movement. In Hg. 8171 is shown a moulding machine for either spur or bevel 



gear-wheels, the construction of which is as follows: The table is similar to that already described, 
and has a Similar device (as shown) to release or detain it upon the upper table as before. The 
material of which the mould is formed is placed as shown at J/. .<1 is an upright carrying the hori¬ 
zontal arms B which is attached the upright carrying the sweep N, which, being thus held 
stationary, operates when the table is revolv^ to sweep up either the inside or outside cii^ar parts 
of the mould, including the flat face. The sweep at E for forming the teeth, or for sweeping up 
the mould for the arms, operates as follows: P is a piece sliding upon the bar P, and adjustable 
thereon by means of the lever set-screw at Z. This piece is provid^ with vertical and horizontal 
joints at V and the two forming a universal joint, permitting the slide 2> to be set in any required 
position. Upon the slide 2> is the movable he^ O carrying the sweep E^ and the line of motion of 
the latter is therefore regulated by the position of 0, along which it slides, being operated by hand. 
In Fig. 8171 this machine is shown sweeping up the recesses in which the arms are to be moulded, 
or sweeping out the recess for the hub, as the case may be, while in Fig. 8172 the slide is shown 
with the sweep for the teeth in operation, the bar 0 standing vertical J. R. (in part.) 

MOULDING MACHINES, WOOD-WORKING. These machines are used for the manufacture 
of ornamental mouldings for buildings, and cabinet and railway-car work. They are commonly dis¬ 
tinguished as auUide moulding machinei^ which have a bed with two or three of the heads outside 
the frame of the machine; and inside moulding machines, which have all of the heads and the table 
inside the firame. Outside moulding machines are perhaps most commonly used, and can be adapted 
for various purposes besides moulding, as working flooring and ceiling. They are constructed with 
one, two, three, or four heads, according to the character of the work to be done. Inside moulding 
machines are constructed with three or four cutter-heads, and are adapted to surfacing or any work 
up to 12 in. in width. They are designed for the production of light and heavy mouldings and gen¬ 
eral work of every description, and, when furnished with matching-heads, can also be used for tongu- 
ing and grooving, flooring and ceiling, up to 12 in. in width. A prominent manufacturer of these 
madiines states that he constructs &em with heavy-weighted feed-rolls, expansively geared, with 
slotted steel cylinders for upper and lower arbors, slotted side-heads of gun-metal or steel vertical 
adjustment of the upper cylinder, improved clip for preventing tearing in working cross-grained 
lumber, and flexible pressure-bars. The cylinders and side-heads of these machines are usually made 
to take on four knives, having slots planed on all four sides, and they may be accurately adjusted. 
Among the special forms of moulding machines are the following: 

The universal tcoodr-worker is a combination of the outside moulding machine with a machine for 
planing out of wind, grooving, gaining, etc. This is designed for straight work. 

The edge-moulding machine has the heads placed vertic^y in the table, and is designed for mould- 
iog the edges of carved work. 
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The carving or receee-mofidding machine is designed for working forms of panels on the face of the 
work, and usually can be employed for edge-moulding. 

Ouleide Moulding Machinee. 3173 represents an outside moulding machine designed for light 
mouldings, sash, door, and blind work, or narrow flooring. It is made to work 6 or 8 in. wide, and 
on either three or four sides, as may be wanted. The cutter-head is of steel, slotted on all four sides. 
The side-heads arc of steel and slotted, and reToIve on steel arbors, which hare a lateral adjustment 
sufficient to take in stuff up to 6 in. wide. Both side spindles have vertical adjustment, and the out¬ 
side spindle can be swung to an angle. The under head is provided with an adjustable throat, and 
can be quickly adjusted to the thickness of the cut. The bonnet and attached pressure-bar can be 



instantly thrown back clear of the upper head. It has two feeding-rolls of large diameter, with two 
changes of speed, and strongly geared, and their motion is instantly started or stopped by means of 
a lever. The table or platen has a vertical movement. The tight and loose pulleys are 8 in. in 
diameter, 4 in. face, and should make 876 revolutions per minute. 

Inside Moulding Machine. —Fig. 3174 represents an improved form of two-roll inside moulding 
and beading machine, which will work mouldings on one or both sides 12 in. wide or under, and up 
to 6 in. in thickness. It also planes, tongues, grooves, and beads material 12 in. wide. The cylin¬ 
ders are made from solid cast steel, lilted on each side, and run in laige patent self-oiling bearings, 
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Blotted on each face, enabling the cutters to be set at Taryi^ angles, and capable of sticking anj size 
of moulding by using cutters on all four sides, thus equalizing the cut and utilizing the power. The 
under cylinder has a vertical adjustment, graduated to different thickness of cot while in motion; 
and by loosening one bolt the pressure-bar and stands can be swung entirely clear of the cylinder, 
giving free access to the cutters for purposes of sharpening or adjusting. A beading attachment is 
placed upon the pressure-bar, over the under cylinder, so as to gauge the depth of the bead from the 
surface of the b(»id, thus securing an automatic adjustment of the beading-shaft at all times. The 
upright spindles can be moved vertically or horizontally while in motion, the outer spindle to any 
angle desired, and self-oiling bearings and steps are provided. The side-heads are made of steel, 
and the arbors have a latend adjustment on separate platens, and are provided with lock attachment 
for preventing the possibility of movement after the beads are brought to the desired position; a 
chip-breaker is provided for holding the 
fibre of the wood while the side cuts are 
being made. The machine has two feed¬ 
ing-rolls of large diameter, the upper one 
m^e in sections fitted with a weighting 
attachment and pivoted boxes, which se¬ 
cures an equal pressure on the lumber 
being work^, r^ardless of any inequali¬ 
ties in the thickness. The rolls are con¬ 
nected by expansion-gearing, which allows 
the upper roll to adapt itself to the vary¬ 
ing angles on irregularly sawed lumber. 

The stuff being worked may be quickly 
withdrawn from the machine by eleva¬ 
ting the feed-rolls by means of a lever. 

The tight and loose pulleys are 12 in. in 
diameter and 6 in. face, and should make 
600 revolutions per minute. 

Varibtt Wood-Workers. —These ma¬ 
chines are among the most ingenious of 
the many forms of apparatus used for 
wood-working. They are chiefly remark¬ 
able for the multiplicity of purposes to 
which they may be adapted. These in¬ 
clude planing straight or out of wind, ta¬ 
pering, rabbeting door and window frames, ? 
rabbeting and facing inside blinds, joint- ^ 
ing, beveling, chamfering, ploughing, mak¬ 
ing glue joints, raising panels, ripping, 
cross-cutting, tenoning, circular moulding, 
dovetailing, etc. They are constructed 
in two varieties, to work either one, two, 
three, or four sides, with separate arbors 
and outside bearing supports on each side; 
also with a main ar^r extending from 
one side to the other, with patent outside 
bearing supports. This latter form of 
machine is of cheaper construction. Both 
sides of the machine are driven from one 
countershaft, arranged so as to convey 
the power to both sides simultaneously 
or separately, as the operator may desire. 

This method of obtaining independence 
of the combination allows the operator 
to perform the work on either side with¬ 
out interfering with the other. This is 
accomplished by means of a double fric¬ 
tion-pulley upon the countershaft, cany- 
ing two belts and operated by two levers. 

Fig. 8175 represents the moulding side 
of one of the most improved forms of 
universal wood-workers, built by Messrs. J. A, Fay k Co. of C^cinnati. Fig. 8176 shows the wood¬ 
worker side. There are two 8-in. and two 4-in. slotted steel heads and cutters on the moulding 
side, and one three-knife head and cutters with outside removable bearings on the wood-worker side. 
This forms the complete machine for doing all the different varieties of work shown and described 
further on. It will surface both sides, and tongue and groove or joint flooring, ceiling, etc., up to 8 
in. wide. The additional head (the under cylinder) has an independent adjustment to suit the thick¬ 
ness of the cut, and with the side-heads raises and lowers vertically with the platen or bed. 

Fig. 3177 represents a universal jointer and wood-worker made by Messrs. Beutel, Margedant k 
Co. of Hamilton, Ohio. This has a triangular cutter-head and novel means for adjusting the tables 
at any desired angle. 

Fig. 8178 is the Excelsior universal wood-worker of the same makers, arranged as a moulding ma- 
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chine. The table or platen consists of a large main support, on which a side-bracket is raised and 
lowered independently of the other adjustment of parts; also of two tables independently adjustable 
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in a horizontal plane; all of which can be raised and lowered at either end of the madiine, by means 
of a crank-wrench, which engages two screws connected by corresponding geari^. The main sup¬ 
port can be elevated or dropped for certain purposes independently of the horizontal position and 


8176 . 



perpendicular adjustment of the side-bracket in front of the cutter-head. In the engraving both 
tops are shown at a common level. The large one rests partly on the main support, and on the side- 
bracket the smaller table is carried forward to the projecting side-head sufficiently to pennit the free 

8177 



working of the same. The table may be brought forward, and the opening entirely inclosed if the 
side-bead is not needed; the machine will then operate as a single-bead moulder and sticker. The 
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Bide-head can be raised and lowered, moved in or out, set at any angle, and adjusted either way, 
keeping the angular position given. The upright countershaft of the side-head, driven by strong 
friction-gearing, enables the operator to start or stop the side-head at will, while the material is 
moved forward by the feed-rollers, and operated upon by the central cutter-head. 



Figs. 8179 to 8212, with the accompanying descriptions, show the best methods of manipulation 
to prince some of the various forms of work which may be done on the universal and variety wood¬ 
workers. The machine should be placed so that the table will be on a perfectly level plane. If, 
when the level is placed lengthwise and crosswise of the table, they are found to be exactly true, 
then the parts of the machine are correctly in line, as the strength of the frame renders it impossible 
for it to warp out of true. 

Fig. 3179 shows the position of the hands and table in the operation of truing up or planing out 
of wind. The back table should be on a level with the periphery of the cutting edge. The thickness 
of cut is regulated by lowering the front table. 

Fig. 3180 shows the operation of plain cornering or bevel-edging. The fence is set to the angle 
required, and the front table is lowered to the depth the corner is desired to be cut. Fig. 3181 
shows the beveled work. 

Fig. 3182 shows the process of cornering or chamfering part of the way on a piece, or between the 
ends. In this method both tables are lowered to an equal distance below the cutting edge, accord¬ 
ing to the depth to be cut Fig. 3183 exhibits the worlc 

Fig. 3184 shows the tables in the same position as the preceding examples, with the addition of a 
box constructed to correspond to the shape of the piece to be cornered, and the stops placed perma¬ 
nently in the box. By this arrangement duplicates can be produced at any time with exactness. 

Fig. 3185 shows the position of the tables in cutting a taper, as represented in Fig. 3186. The 
back table should be raised to the position indicated in Fig. 8179, and the front table lowered suffi¬ 
ciently to bring the line of the desired taper on a line with the back table. This process can be 
appli^ also to straightening a tapered piece, or one that is crooked or curved. 

In mitering or forming joints at any angle, the fence is set to correspond to the desired angle, and 
the front table lowered to cut off the form at one operation. Fig. 3187 shows the process of mitering, 
which can be done as well across the grain as with the grain, and a miter thus made forms a perfect 
joint. Fig. 3188. In this operation a straight cutter-head is used. 

Fig. 8189 shows the method of arranging the tables for rabbeting. The tables are set to one level, 
the rabbeting-head being substituted for the planing-head. The rabbeting-iron is inserted between 
the tables, forming a connection between them, and thus giving a support for the stock being worked. 

Rg. 3190 represents the position of the material while being rabbeted. The width of the rabbet 
can be made as great as the length of the rabbeting-head, and gauged to the desired width by the 
fence. The depth of the rabbet, fig. 3191, is graduated by the vertical movement of the tables. 

Fig. 3192 shows the machine arranged for tenoning. In the operation of halving or tenoning, the 
rabb^ng-iron is used as in rabbeting, Fig. 8193. The tables are placed on the same level, and a 
slide arranged to fit in the grooves in front. The lengths of tenons can be gauged by the fence, or 
by stops on the slide, and die slide can be fixed to cut square or angle tenons. The same cutter- 
head is used as in rabbeting, and the tenon may be made longer than the cutter-head by repassing 
the stuff over as often as may be necessary to increase the length. 

Fig. 3194 shows the back-board for panel-raising, which is fastened to the fence, the tables being 
adjusted to the same level. The depth of panel is regulated by the distance the tables are lowered 
below the highest point of the cutting edge of the heads. A panel-iron is inserted between the 
tables and between the heads for the support of the panel being cut. 

Fig. 8195 shows the panel (Fig. 3196) being passed through the entire attachment In use. The 
front board is attached to a fence by bolts passing through springs placed between the front fence 
and front board, thus giving a ^exible pressure for inequalities in thickness. The- front fence is 
attached to a slide-board in the front groove of the table by angle-irons, slotted for graduating to the 
thickness of the panels. 

Fig. 3197 shows the process of hand-matching or tonguing and grooving (fig. 3198). The 
90 
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matdier-heads are placed on the mandrel, the fence forming a guide for the back head, and a fence 
attached to a side board adjusted to the front head, forming a guide for it. By placing the fences 
at an angle, tongues and grooves can be cut to any angle. 

The operation shown in Fig. 8199 is that of making rule or table joints (Fig. 8200), performed by 
the same process as in hand-matching, heads and cutters to suit the requlr^ joint being substituted 
for the matcher-beads. 

Fig. 8201 shows the operation of grooving or ploughing. This is performed with the grooving- or 
8181. 8188. 8186. 8188. 



gain!ng4iead, and one or more grooves (Fig. 8202) can be cut, as in window-frames. In grooving, 
the tables are on the same level, and the depth of the groove is gauged by the distance the tables 
are lowered below the periphery of the cutters. 

Fig. 3208 shows the tables arranged for working waved moulding (Fig. 8204), similar to that done 
on a shaper and friezer. A collar is placed on the cutter-head or spindle, against wluch the pattern 
open whidi the moulding is to be worked is fastened. This is pass^ over the head with the fence for 
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a guide, the tables being lowered sufficiently to allow the pattern free motion oyer the spindle. 
Oval and circular waved moulding can be made by constructing proper guides as indicated above. 

Squaring up the unturned parts of newels, balusters, etc. (Fig. 8206), is done with the straight 
cutter-heaX Fig. 3206 shows the method of dressing between the turned parts, which is the same 
as shown in Fig. 3184, with the plain comer box, or by making a sliding box into which the piece is 
placed and passed over the cutter-head with the form in which it rests. 

As shown in Fig. 3207, a circular ripping or cross-cutting saw can be placed on the mandrel be- 


8218 . 



tween two collars, and the opening between the tables filled with a board fitted to the tables, making 
a continuous saw-table, upon which ripping to any bevel or cross-cutting to any angle can be done. 

For the purpose of gaining (Fig. 3210), the tables. Figs. 8208 and 8209, are placed on the same 
level, with the slide in the back of table across the opening between the tables. The depth of the 
gain is gauged by the distance of the table below the cutting edge of the gaining-head. The slide- 


8314 . 8215 . 



board of the gaining-frame is placed in the groove in front of the table, with the guide-bar at right 
angles to the gaining-head. The stock is placed in front of the guide and operated as in cross-cutting. 

Oval and circular mouldings, as shown in Fig. 3212, can be worked on these machines. The form 
fastened to the tables is of the same thickness and shape as the inside of the segments. A holding- 
board should be made the same circle as the outside of the segments and half an inch wider than the 
segment, to extend over and bear against the form. The mode of operation is shown in Fig. 8211. 
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Edffe-MoMing and Friezing Machine. —^Rg. 8218 ia an example of the form of machine need for 
moulding the edges of canred work. The cutters are affixed to and revolTe with the spindle shown 
at and the table is raised and lowered by the hand-wheel. Devices are provided to prevent the 
table from turning and for the adjustment of the bearings of the spindle. The arrangement of the 
cone-bearings for the spindle is shown in section. 

Carving^ Ponding^ Edge- and Surface-Moulding Machine^ Fig. 8214.—^This class of madiine is 


8216. 

ABO 



employed for producing carvings and recessed or relieved panel-work, and for ornamental bracket- 
work. The form of tool A used is carefully shaped to suit the requirements of the work, and is re¬ 
volved at high speed in the vertical spindle, the work being fed and operated a^nst and beneath 
the took The table is adjustable for height and to suit the thickness of the wonc by means of the 


8218. 
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hand-wheel shown beneath the table. It Is elevated to bring the work into contact with the tool to 
the required depth by means of a notched treadle, and the finished work is readily removed by the 
operation of an auxiliary treadle, which disengages a pawl and allows the prime treble and the table 
to drop to its original adjusted position. 

Fig. 8215 shows the method of paneling or cutting designs in solid wood in this machine. ^ A per¬ 
spective view of a cutter is shown underneath, and other forms of cutters are represented in Figs. 
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8219 to 8222. A templet of the desired form, is placed over the piece A, upon which the panel is 
to be made. A space is left between templet and work for the escape of chips. The pand when 
finished appears as at (7. 

Cutter and Cutter-Heads. —Moulding cutters are produced by milling into the face of the steel 
BO as to produce the desired shape of the moulding. This method is claimed to be better than cut¬ 
ting the required shape on the ends and then grinding to a beveL In Fig. 3216, A and B are sash- 
cutters, C and 2> door-cutters, and A' is a double bead-cutter. Fig. 8217 represents a group of 
moulding cutters. In Fig. 8218 are represented the different forms of heads used. A and B are 
sash-hei^s; C is a door-head; 2>, A, A, and J are moulding heads; O and I are planing heads; R 


8*19. 8220. 



and L are slotted heads ; A is a combination top-screw head; if is a side head ; A is a three-wing 
matcher; 0 is a two-wing matcher; P is a jointing head; Q is a beading head; A is a cope-head; and 
P is a patent grooving head. Matching heads are made usually with two or three wings as shown. 
Slotted heads receive any kind of cutter without regard to the position of the slots. Gaining and 
grooving heads are usually made of gun-metal or steel, accurately finished and balanced, and pro¬ 
dded with steel set-screws. 

In Figs. 8219 to 3222 are represented various forms of cutters used in carving and paneling ma¬ 
chines. Those shown in Fig. 8219 are carving, penciling, tracing, and surface^mament tods. 
Those in Fig. 8220 are edge and bracket-moulding cutters; in fig. 8221, rosette^utters; and in fig. 
8222, surface or paneling cutters. J. B. (in part). 

MOULD-RAMMING MACHINE. See Moulding. 

MOUNTAIN RAILROAD. See Railroads, Mountain. 

MOWER. See Agricultural Machinery. 

MULE. See Cotton-spinning Machinery, and Wool Machinery. 

MULEYSAW. See Saws, 

NAILS AND NAIL MACHINERY. Nails are either wrought or cut from metal, or cast Cast 
nails are generally of inferior quality and of little use. Nails are assorted as to purpose, as hurdle, 
pail, deck, scupper, sheathing, fencing, etc.; as to form of head, as rose, clasp, diamond, clout, etc.; 
as to form of point, as fiat, sharp, spear, clinch, etc.; as to thickness, as fine, bastard, strong; as to 
size, from lb. to 40 lbs. (that is, 1,000 nails of a given size will weigh so many pounds); as to 
material, as copper xuul, galvanized, etc.; and, as already noted, according to method of manufacture. 
' The following table of weights and nomenclature is commonly employed: 


Tabu of Namtu and Weight of Naili (Trautwini), 


NAME. 

Length, 

inchM. 

Nombtr per 
Poond. 

NAME. 

Lngfh, 

Nnnter pm 
Phwd. 

S-penny. 

1 

W7 

8-penny. 

H 

im 

4 “ . 


8d8 

10 ** . 

24 

66 

6 “ . 


239 

19 “ . 


M 

6 “ . 


175 

20 “ . 

8* 

M 

7 “ . 

8* 

141 




Wrought NaiU ,—One of the most improved methods of manufacturing wrought nails is from 
iron produced by means of moved rolls, having either one or two ridges raised on its surface, the 
former if for brads,” the Tatter if for rose-headed, or clasp, etc. 1%e ridges cross the stmt in 
order to preserve the fibre of the iron parallel with ^e le^h of the nail, and the sheet* is cut up 
into breadths which have on one side a single or double ridge, according to the variety of nail re¬ 
quired. These strips are next heated, presented to the machine, drawn in by it, and cut bj a ** slicer ” 
crosswise into breadths, each of which ultimately forms a nail, which are picked up by a ** carrier ” 
forming part of the machine, and placed in a *^^p ’’ made by three dies. The slicer ” alluded to 
forms the fourth side, and is firmly held during the process of tapering (accomplished by the pressure 
of a roller-die). While in this position, a die, with a depression corresponding to the form of the 
head of the nail, is impelled against the surplus projecting metal, and converts it into a 
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head, the complete noil dropping out of the machine. It may be added that the present method of 
producing madiine-made wrought nails is a hybrid process, between cut- and wrought-nail making, 
the shank being cut, and the heading and pointing being done by a die and a roller. 

Cut NaUs ,—In cut nails the metal is operated upon cold. Pointing forms a special operation in 
both hand- and machine-wrought nails; but in cut nails, the production of shank and point is simul¬ 
taneous. It is only when the cut nail requires to be headed that an additional process is added, 
though performed by the same machine by which the cutting is accomplished. All cut nails are 
produced from strips of iron cut from sheets, the breadth of the strips corresponding to the length of 
the naiL Care is taken that the fibre of the iron runs parallel to the length of the nail, by laying a 
number of joiner’s “sprigs” (^, Hg. 8228) or shoemaker’s “sparrables” (A) head to point alter¬ 
nately ; and thus a strip is reproduced, corresponding in breadth to that from which they were cut. 
Brads (C) are also cut out of each other from a strip broader by the head; in the production of 
these, or any other cut nails, there is no scrap or waste. “Headed” cut nails, as rose, clasp, slat^ 
dout, and ^ose of the “ tack ” group, are simply larger “ sprigs,” wedge-like in breadth,, equal in 
thickness to the sheet iron from which they are made. After they are cut off from the strip by the 
sheer of the nail-cutting machine, they drop into and are firmly clutched by grips, and a heai^ng die 
carried by a sliding bar “ upsets ” the iron projecting from the grips and converts it into a head. 

fig. 8224 will serve to represent the general mode of operation of nail-cutting and -heading ma- 
The nail-strip A is placed in a feed-box, vertically or horizontally, and receives a vibratory 
motion to give the taper to it; the strip is pressed upon by a spring to keep it in contact with the 
slioers. The top slicers are fixed in the framework of the machine, as are also the back dies E* 
while the bed-shear C, with its bottom dies B' moved to and fro in a slide. The figure shows 
the slide at its farthest point of stroke on the right-hand side. A nail-blank is pressed against the 


3224 i 
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back die E\ and the bottom die E is lifted up vertically. Thus the blank is firmly held upon four 
sides, while the heading-bar is brought into action upon the end of the blank to be beaded. After it 
is cut off, it is advanced by a finger F' just as much as is required to form the head. The instant 
the nail is headed, the dies C and B travel in the direction of the arm, by which time the nail-strip 
.4 is in its place for the sheer to cut off another blank; and on the return stroke of the slide, the 
headed nail is free and is pushed downward by the finger F' placed at the back of the top sheer £>. 
The slide carries the blank AT against the die E, and the operation as described is repeated. The 
machine represented is a double-action one, having two headers which operate alternately, i. e., on 
the retreat and return stroke. 

Lawrences tdf-feeding machine^ invented by Mr. John Lawrence of Philadelphia, is one of the 
most ingenious yet devised. We take the following description from Engineering: 

In cutting up a strip of iron into nail-blanks, a problem which is theoretically very simple has to 
be solved. Let abed^ Fig. 8225, represent the strip of iron to be cut into nail-bla^s, and let the 
dotted lines between agen denote the lines of the necessary cuts. The line e f indicates the plane 
of the cut made by the knife at each reciprocation of the madiine. As it is necessary that the strip 
shall be cat up into taper blanks, it is manifestly impossible to feed the machine by simply sliding 
the strip forward toward the knife; because, if this were done, the second cut would be on the line 
ty, and each blank after the first would be a parallel piece of iron, allowing neither for the heads 
nor points of the nails. In Fig. 8226, abed represents the position of the strip for the first emt, 
and the line e/ shows the plane of that cut. The dotted rectangle a' V c'd indicates the position 
assumed by the strip for the second cut. It is evident that, by simply inclining the strip from side 
to side, as shown, and at the same time feeding it forward to the knife, the required taper blanks 
can be produced. Fig. 8227 is a diagram showing how the strip is moved in the machine. The 
■trip is shown at AT, in the position wMch it occupies on the feed-table ABC D, The dotted line a h 
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shows the angular position of the strip for the first cut, and the dotted line a d indicates that for the 
second cut. The cut coincides with the line j k. The motions of the feed-table and strip are pix>- 
duced and controlled in the following way: 'fhe main gearing of the machine rocks the bell-crank 



lever V upon its fulcrum 8^ and the longer arm of this lever moves the table by the links T\ so 
causing the centre-line of the strip X to alternately coincide with the dotted lines a h and a d. There¬ 
fore the feed-table moves round an imaginary centre at a ; and the nail-blanks are thus cut taper, 
while the wider end of each alternate blank is cut from alternate edges of the strip X, The strip is 
fed forward toward the knife between each cut by means of feed-rollers having a step-by-step move¬ 
ment. It will be perceived that the ends t of the links T' are adjustable along the lever-arm K, so 
as to allow for altering the amount of taper in the blanks to suit different sorts of nails. Inasmuch 
as the imaginary centre a is beyond the line j k, the strip has a slight movement of lateral transla¬ 
tion where the cut is made. It is absolutely necessary to the proper working of a cut-nail machine 
that, at the moment when the knife rises after making the cut, the strip should be drawn back clear 
of the rising knife. This is done by means of the link r. In the main framing of the machine under 
the feed-table is the stud />, upon which the link r works. The other end of the link r engages with 
the stud q on the under side of the feed-table. As the rocking action of the lever V turns the feed- 
table about the imaginary centre a, the point q in the line ab would necessarily move to i, because 
the arc ^ A (struck from the centre a) cuts the centre-line a c at i. But the action of the link r 
causes the point q to describe the arc e /, and thus the table is drawn back by the link r to the ex¬ 
tent of the difference of the curvature of the two arcs ^ h and e /, so keeping the strip dear of the 
rising knife. Equally the same action of the link slides the strip forward again by the time that its 
centre coincides with the line a d. 

Fig. 3228 shows the method adopted for enabling a large number of strips of iron to be placed 
one upon another in the feed-box of the machine. The strips are placed in the feed-box J, which 
can be filled to the top if necessary. The spring ** feeler ** N works with a rapid vibratory acrion, 
and whenever the feed-rollers L draw the strip which is being cut as far as their proper action can 
take it, this “feeler” AT thrusts another strip between them. The strip so thrust between the rollen 
is at once fed forward toward the knife, and the short piece of the previous strip left between the 
rollers and the knife is of course pushed forward and cut up to the very end. The springs m and 
the guide B serve to steady these short ends while being cut up. 

Finish of Fails .—^The after-finish of tacks or nails which are blue-black or tinned is as follows: 
The blue color is the result of placing the cut tacks in an iron cylinder and subjecting them to the 
heat of a muffle, and when the required shade is obtained they are withdrawn and allowed to oooL 
The black is produced by immersing the tacks in black varnish and then drying them in a stove. 
The white or tinned tacks are coated with tin by immersion in a bath of that metal in a state of fu¬ 
sion, the tacks having been previously cleansed by the action of sulphuric acid diluted with water. 

Iron- Wire Fails .—Nails are also made from iron wire, a variety of French origin, as the name, 
pointes de PariSy indicates. They are made from 1 to 4 in. in length, and are well suited for, and 
principally used in, the construction of packing cases of willow or other soft woods which grow so 
abundantly on the Continent. These nails drive freely and hold firmly, the material rendering them 
strong, while the parallelism of the shank presents an obstruction in withdrawing them when once 
driven. They are all made by machines, which cut the wire, point, and head, by means of advancing 
dies, the point formed by one die, the head by another, as in machines used in the formation of the 
heads of machine-made, wrought, and cut nails. 

Cast Fails .—Nails arc also cast, but their use is chiefly confined to horticultural purposes, such at 
the training of fruit-trees against walls ; hence their name “ wall ” nails. Cast nails are also used 
for the attachment of laths to the interior walls of buildings to hold the plaster. These have taper¬ 
ing shanks, square or triangular in section, and are cast in moulds formed of sand, from patterns 
which represent the heads only, the shanks being pricked in with a model representing the spike in 
the corresponding half of the mould, directly opposite the centre of the head pattern; or a complete 
patteiTi of the nidi is projected through a thin metal plate, the head on one side, the spike protrud¬ 
ing on the other. These are moulded in a two-part casting-flask or mould, the head on one half, the 
stalk on the other. Sometimes the nail is laid in a longitudinal direction, one half on one side, the 
other half on the reverse of a thin metal plate, and then moulded. After the mould is made, the 
impressions produced by the patterns are connected to central “ gets ” or runners. The moulds, be¬ 
ing closed, are bound together with ordinary moulderis clamps, so that the iron in a state of fusion 
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is ran in and fills the prints made by the patterns. When cooled, the moulds are opened, and the 
nails disconnected or broken off from the “ gets.” Like all iron castings, these nails are brittle and 
frequently break in driving, which could only be obviated by annealing them in close iron boxes 
fill^ with hematite iron ore. This process, however, would be expensive, and even when annealed 
the nails would not be so well fitted for general use as hand-wrought, machine-made, or cut nails. ^ 

Coat hraaa naiU, with square or twisted shanks, are produced in small quantities for ship-building 
purposes, and of an alloy of copper and tin, chiefly used for the fastening of copper or patent sheath¬ 
ing to the hulls of ships below the water-line. 

Adhesion of Naila .—It has been determined by experiment by Mr. B. Bevan, that the resistance 
to entrance of nails in wood is greater than the resistance to extraction, by a ratio of about 6 to 6. 
The percussive force required to drive the common sixpenny nail to the depth of in. into dry 
Christiania deal, with a cast-iron weight of 6.276 lbs., was four blows or strokes falling freely the 
space of 12 in., and the steady pressure to produce the same effect was 400 lbs. A sixpenny nail 
driven into dry elm, to the depth of 1 in. across the grain, required a pressure of 827 lbs. to extract 
it; and the same nail driven endwise or longitudinally into the same wood was extracted with a pull 
of 267 lbs. The same nail driven 2 in. endwise into dry Christiania deal was drawn by a pull of 
267 lbs.; and to draw out one inch imder like circumstances took 87 lbs. only. The relative adhe¬ 
sion therefore in the same wood, when driven transversely and longitudinally, is as 100 to 78, or 
about 4 to 3, in dry elm, and 100 to 46, or about 2 to 1, in deal; and in like circumstances the rela¬ 
tive adhesion to elm and deal is as 2 or 8 to 1. 

The progressive depths to which a sixpenny nail was driven into dry Christiania deal by simple 
pressure were as follows: 

Depth, inches, .26, .6, 1, 1.6, 2. 

Pressure, lbs., 24, 76, 236, 400, 610. 

In the atove experiments, great care was taken by Mr. Bevan to apply the weight steadily, and 
toward the conclusion of each experiment the additions did not exceed 10 Ibs/ at one time, with a 
moderate interval between, generally about 1 minute, sometimes 10 or 20 minutes. In other species 
of wood the requisite force to extract the nail was different. Thus, to extract a common sixpenny 
nail from a depth of 1 in. out of dry oak required 607 lbs.; out of dry beech, 667 lbs.; and out of 
green sycamore, 813 lbs. From these experiments we may infer that a common sixpenny nail, driven 
2 in. into oak, would require a steady pull of more than half a ton to extract it. Ridged or Chelot 
nails have been made and experimented upon in France with good results. 

NARROW GAUGE. See Railroads, Construction of. 

NICKEL-PLATING. See Electro-Metallurgt. 

NITRO-GLYCERINE. See Explosives. 

NOTCHING. See Carpentry. 

NUT-FORGING. See Forging Machines. 

NUTS AND BOLTS. Bolts are chiefly used to resist straining forces acting parallel to the axis 
of the bolt, and normal to the surfaces held together. When in shear, they are subject to the same 
rales as rivets. 

Sirenffth of Bolts. —(For screw-threads of bolts, see Screw-Thread.) The strength of screw-bolts 
is approximately estimated as follows; For press-screws and other bolts which do not require to 1^ 
tightened before the load comes upon them, the working stress per unit of area (which hereafter will 
for brevity be denoted by /) may be taken at 6,000 lbs. per square inch. For accurately-fitted bolts 
requiring to be tightened moderately,/ = 4,000. But for bolts which are used to draw joints steam- 
tight, and which must be greatly tightened before the steam-pressure begins to act,/ ought not to 
exce^ 1,600 or 2,000 lbs. per square inch. Putting P = the axial straining force acting on the bolt 
and d = diameter of bolt, the following equations have been deduced: 

d = .066 -f 1.127 triangular threads. 

d = .086 + 1.32 for square threads. 

When twisting moment is considered, this adds about 15 per cent, to the diameter necessary for the 
bolt. The following table shows the strength of bolts screwed up tightly, Q representing the assumed 
value of the force used in screwing up. The real stress is taken at /= 9,000 lbs. The pull on the 
spanner is taken at about 10 lbs. for each 1,000 lbs. on the bolt, and the twisting moment is taken into 
account. 

Table thovoing Strength of Bolts screwed up tightly. 
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DIAMETER 

OF 

BOLT. 

Auamod Lood 
duo to 
•enwing op. 

Efbctlv* 

Stroogth. 

DIAMETER 

OF 

BOLT. 

Auomed Load 
doe to 
■erewbig op. 

Efbctlre 

Slnngth. 

a 

4 

82 Q 

1,000 


d 

H 

82 Q 

2.700 

4^i4 

d 

82^ 

6,000 

fs^Vo 

f 

1,200 

000 

W 

8,000 

6,552 

2* 

6,000 

86,760 

f 

1,500 

1,100 

8,800 

7,810 

8 

6,000 

48,870 

i 

1,800 

1,812 

H 

8,600 

11,410 

• 8i 

6,000 

68,590 

1 

2,100 

2,048 

2 

4.000 

15,790 

H 

6,000 

68,810 


2,400 

8,667 

2* 

4,600 

21,480 

4 

6,000 

8^090 


Proportions of Bolts and Nuts. —Fig. 3229 shows the most ordinary type of bolt, nut, and washer. 
The bolt has a square head and a square neck to prevent its rotation while the nut is being screwed 
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up. The nut is hexagonal and the washer circular. The washer is used when the bolt connects 
rough castings, and then forms a smooth seat on which the nut toms. The following formulae gire 
good proportions of nuts, D representing diameter across flats, 2>i diameter across angles, and d 
diameter of bolts; J'hr hexoffon nuts —i>= 1.6+ 0.18; 2>i = 1.76rf + 0.16 for finished nuts; 

d 

height = d; height of lock-nut = r. For square nuts—L = 1.6<f + 0.18; Di = 2.12J + 0.26; 

2 


height, to d; length of spanner, 16<f to 18<f. Washers —^Thickness, 0.16<i/ diameter, \D. 
Washers for wood may be S(f in diameter and O.Scf in thickness. 

Forms of Nuts, —Ordinary nuts are chamfered off at an angle of 80** to 46^, as shown at a, Fig. 
8230 ; or they are finished with a spherical bevel, struck with a radius of about 2J, as shown at 6. 
Flange nuts, c, are used when the hole in which ^e bolt is placed is considerably larger than the 
bolt itself. The flange covers and hides the hole. Cap nuts, cf, are used where leakage along the 
screw-thread is feared. In the figure, a thin, soft copper washer is shown, which prevents leakage 
under the nut. Circular nuts, e, are occasionally used. They have holes, in which a bar termed a 
“ tommy ** is placed, for screwing them up. Sometimes grooves are cut, as shown at /. Steel nuts 
may be used, if great durability is required. 

Porms of BoU-Heads, —In fig. 8281, a is a cup-shaped, h a countersink, and e a square bolt-head. 
Rotation of the bolt is prevent^ in a by a square neck, in 6 by a set-screw, and in c by a snug forged 
on the bolt. Fig. 8282 at a shows a T-headed bolt in front and side elevation; and at o is an eye-bolt 
Fig. 8233 is a spherical-headed bolt with a square neck, used sometimes for railway fastenings. In 
the same figure is a cup-head with a snug forged on the bolt to prevent rotation when the bolt is 



screwed up. Fig. 8234 is a hook-bolt, which is used when one piece is too small to have a bolt-hole 
through it, or when it is objectionable to weaken the piece by a bolt-hole. Fig. 3286 is a stud, which 
is screwed into one of the connected pieces, and remidns in position when the nut is removed. Fig. 
8286 is a sct-screw, or bolt not requiring a nut. Fig. 8287 shows a nut-headed bolt, or bolt having 
two loose nuts, instead of a nut and head. The second figure is a similar bolt, with an intermediate 
head or flange. Fig. 3238 is a bolt leaded into stonework. The tail of the bolt is rectangular, with 
jagged edges. Fig. 3289 is a fang-bolt, used for attaching ironwork to wood, and especially for at¬ 
taching rails to sleepers. The fangs of the broad triangular plate which forms the nut bite into 
the w(^, while the bolt is rotated by the head, which b^rs on the ironwork. The huge area of 
the nut prevents crushing of the wood. 

Loek‘Nuts are devices intended to prevent the gradual unscrewing of nuts subjected to vibration 
and frequent changes of load. No nut accurately fits its bolt; a certain amount of play, however 
minute, always exists. When a nut having play is subjected to vibration, it gradually slacks back. 
This may to a great extent be prevented by double nuts, as shown in Fig. 8240. One of the nuts is 
termed a lock-nut, and is usually half as thick as the ordinary nut. When there are two nuts, the 
whole load may be thrown on the outer nut, which therefore should be the thicker. Another plan is 
to drill a hole through the top of the bolt above the nut, and drive a split pin or cotter through. 
Fig. 3241 shows a stop-plate fixed on one side of the nut. In Fig. 3242, the lower part of the nut 
is turned circular, and fits in a recess in the piece connected by the bolt. A set-screw is tapped 
through, and bears on the side of the nut. A stop-ring is sometimes used. Fig. 3243, with a set- 
screw tapped through it. The stop-ring is of brass or wrought iron, and it is prevented from turning 
by a stop-pin of the same size as the set-screw. Elastic washers have been used as substitutes for 
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lock-nuts; an example of this device is given in Fig. 8244. When the nut is tightened up, the washer 
becomes nearly but not quite flat, and its elasticity neutralizes the play of the nut on the bolt. 

fig. 8246 represents the Atwood safety-nut. The bottom part is concave, and the upper portion 
is slotted as shown. The bearing on the comers at the bottom causes the top to be forc^ in against 
the bolt, thusjpasping the latter so tightly that all working back is claimed to be prevented. 

BoUing of Uaot-Iron 4!)ast-iron plates are united by bolts; flanges to receive the Mts are 



cast on the plates, and these may be external or internal. The flanges are of the same thickness as the 
plates, or a little thicker. The bolts are never less than three-quarters of an inch in diameter, and the 
bolt diameter may be equal to the flange thickness. The fltting part of the flanges is often a narrow 
** chipping strip,^’ which is faced by hand or in the planing marine. Fig. 8246 shows three arrange¬ 
ments of flanges and bolts. Fig. 8247 gives the oMinary proportions of the bolt and flange, which 
are as follows: bolt diameter, ^ (but not less than f in.); pitch of bolts about 6(f, or 


8945. 8946. 



less if necessary for strength; width of chipping strips, a = ; width of flange, 6 = 2</ + |^ 

i represents thickness of flsmge. 

joM-Pim and EnuekU-JoinU. —joint-pin is a kind of bolt so placed as to be in shear, fig. 
8248 shows a knuckle-joint. The proportions are empirical. If the joint-pin were subjected to sim¬ 
ple shear at two sections, it would be strong enough when its diameter was equal to 0.7 of the diam¬ 
eter of the rods; but the pin wears, and is then subjected to bending, as well as shearing. When 
there is much motion at the joint, the width of the eyes of the rods and the length of the pin may 
be increased. 

The foregoing is mainly abridged from ** Elements of Machine Design,*’ Unwin, New York, 1877. 


0D0NT06RAPH. An instrument for the laying out of teeth of gear-wheels. A full account of 
Willis’s device for this purpose, with tables, will be found in the former editions of this work. The 
moat improved form of odonto^ph is that of Prof. S. W. Robinson. This is claimed to mve tooth- 
corves much more exact than can be produced by Willis’s system. For a description of the instru¬ 
ment, see ** Van Nostrand’s Science Series,” No. XXIV. The leading propositions of the instrument 
are: 1. That it give a curve of rapidly changing curvature, having the closest possible osculation 
with the epicycloid, and at the same time be of general application. 2. That the curve for a tooth- 
face given by the instrument be normal to a tangent-line to the pitch-circle at the middle of a tooth. 
8. That this curve intersect the addendum circle precisely where the epicycloidal curve proper to the 
tooth In question does. 

The curve adopted, as conforming most closely in general with limited initial portions of the epi¬ 
cycloid, is the logarithmic spiral. This curve appears to possess the highest degree of adaptation, 
because of its uniform rate of change of curvature, and also because this rate can be assumed at 
pleasnie. These points follow from the fact that limited portions falling within a given angle at 
the pole are similar figures. Furthermore, the analytical relation of this spiral to the problem is 
simple. 

The odontograph is shown reduced in Fig. 8249. Its capacity is extended to any degree by simply 
prolonging the curved edges. It should be made of metal, because it is intended that the instrument, 
when desired, may be directly for a scribe-templet, in which use it will be subject to wear 


Digitized by ^ooQle 






476 


OIL, LUBRICATING. 


from the passes of the scribe. It has several holes countersunk on both sides as shown, so that it 
may be attached by wood-screws, or by bolts expressly prepared, to any convenient wooden rod, in 
such a manner that when the rod swings around a centre-pin to the wheel all the faces of the teeth 
may be described directly from the instrument itself. The desired result is thus obtained directly 

without intervening centre-points 
and dividers. In this manner the 
odontograph becomes a general or 
ready-made templet, and equally 
valuable for guiding the draughts¬ 
man’s right-line pen or the pattern¬ 
maker’s steel scribe. 

To place the instrument in posi¬ 
tion for drawing a tooth-face, a 
table is used which should accom¬ 
pany the instrument. From this 
table a value is taken which de¬ 
pends upon the diameters of the 
pair of wheels, and the number of 
teeth in the wheel for which the 
teeth are sought. This tabular 
value, when multiplied by the pitch, 
is to be found on the graduated 
edge A DB, Fig. 3250, of the odon¬ 
tograph. This aone, draw the tan¬ 
gent D EFlo the pitch-line at the 
middle point ^ of a tooth, and lay 
off the half thickness EDot tooth 
on either the tangent-line or pitch- 
line. Then place the graduated 
edge of the odontograph at D, and in such position that the number and division of scale found as 
above shall come precisely on the tangent-line at D, Also get the curved edge, HF that the 
curve will just lie tangent to the tangent-line, as at F. Then all is ready for tracing the curve for 
the tooth-face from the pitch-line through D toward as far as needed By turning the instru¬ 
ment, which is graduated on both 
sides, over, and doing likewise, we 
get the opposite face of the same 
tooth. Then we have simply to 
draw the radial flanks, when the 
tooth becomes fully delineated, 
with the exception of limiting the 
point and root Clearance curves 
may also be struck in, if desired, 
as in any other case. Of course, 
when the setting of the instrument is once made, it may be mounted upon a rod, as and for the pur^ 
pose described above, for drawing all the teeth. 

The curve which this instrument gives will closely represent the initial portions of the hjpocydoid, 
cycloid, and involute, as well as the epicycloid, as far as required for a tooth-face; and hence the 
instrument is adapted for tracing teeth of these various forms, including the rack-and-pinion, inten- 
nal-gearing, and involute teeth. For the latter form of teeth the tables Income very simple. 

OIL, LUBRICATING. See Lubricants. 

OIL^AR. See Railroad Cars. 

OIL-CUP. See Lubricators. 

OILSTONES. The best qualities of oilstone in the United States are obtained from the novacnlite 
or ** whetstone ” rock of Arkansas, which is of uniform hardness and somewhat porous, though free 
from metallic particles. According to Prof. David Dale Owen, chemical analysis of this rock show? 
the following composition in 100 parts: Silica, 98; alumina, .80; potash, .60; soda, .60; lime, mag¬ 
nesia, hydric fluoride, water, .10. The best variety comes from the vicinity of Hot Springs, and two 
qualities are recognized, the finer being known as Arkansas stone and the coarser as Washita stone. 
Arkansas stone is the harder, and resembles white marble. It is seldom found in mass of more than 
8 in. in length free from flaws, and it is frequently traversed by thin quartz veins. Where these 
veins occur the stone must be cut to avoid them, as the material itself, being softer than the quarts, 
is worn away more rapidly, leaving the quartz projecting above the surface, and hence liable to 
destroy any cutting edge which may strike it Washita stone is softer and more porous; it is found 
in large masses, and seldom contains quartz. 

The method of cutting and polishing oilstones, as practised by Messrs. Boyd k Chase of New York, 
is described in the Seientijie American Supplement^ No. 19. Gangs of saws, each gang requiring some 
4 horse-power, cut about 1,000 lbs. of W^hita stone per day, and about 60 lbs. of Arimnsas stone. 
The fragments of rock are packed upon the bed of the saw-frame. The saws have a redprocatmg 
motion, and rise at the end of every stroke. The sand and water which are thrown upon the saws 
then flow down between the saw-edges and the stone beneath. The saws are of soft iron ; and when 
they descend at the beginning of the next stroke, the sand is imbedded in the metal and cuts the 
stone as the saws move. After being sawed into slabs, the stones are piled under another gang of 
saws, by which they are cut into proper widths. Their ends are then squared in sudi a manner as to 
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aroid flaws and quartz veins. To cut beveled surfaces, the slab is held in an inclined position under 
the saw by means of plaster of Paris. Lastly, the stones are finished on a large horizontal cast-iron 
wheel or revolving table, covered with sand and water. The workman presses the stone upon the 
wheel, which revolves with great velocity and polishes the stone by means of the sand. The ma¬ 
chine employed to cut wheel-stones^has a shaft the lower end of which is shaped like a gouge-chisel, 
and cuts the core. The periphery of the wheel is cut by a soft iron, bent to form an arc of the cir¬ 
cle it describes, and its comer rounded to permit the sand to flow under. The wheel-stones usually 
range from 1 in. to 8 in. in diameter. So rare is a large piece of Arkansas rock without flaw, that 
the cost of a wheel 9 in. in diameter would reach several hundred dollars. Mr. Chase has employed 
several methods of sawing with diamonds, but he eventually found their use inexpedient. The dia¬ 
mond cuts as much in 20 minutes as the sand can in a day ; but so wonderful is the abrading property 
of this stone, that even diamond points are worn smooth after a few minutes’ use. So great is the 
necessary strain that the strongest saws set with diamonds double up, and the diamonds are fre¬ 
quently forced from their settings or broken. The excellence of the Arkansas and Washita stones 
is attested by the number export to all parts of Europe. Their shapes and uses are quite varied. 
Stone files are made pointed, knife-shaped, cylindrical, and in the shape of triangular prisms, for 
dentists, jewelers, and watchmakers; also, stones to sharpen surgical, mathematical, and engravers’ 
instruments, and for penknives, needles, and all kinds of wood-working tools. 

Manner of wing (mttonss.—^ilstqnes are chiefly employed for smoothing down the asperities left 
by the grindstone upon sharp edges. Two stones are usually needed, one for roughing and the other 
for fini^ng. In addition to these a number of slips of stone are necessary, some being flat, others 
half ronnd and flat, with round edges, their uses being for gouges and other tools in which the cut- 
edges are hollow or carved. The general oilstone should be kept with a flat face; otherwise it 
be impossible properly to set plane-blades, flrmer and paring chisels, and other similar tools, 
upon it. With this object in view, the workman 
should set small tools upon the ends, so as to pre¬ 
vent the stone from beaming hollow in the mid¬ 
dle. When it becomes necessary to grind the 
&ce of the oilstone, it may be done upon the 
grindstone; but a better plan is to take a flat 
board and liberally supply it with clean sand and 
water, and then grind the oilstone on it by hand, 
making the face a little rounding in its length by 
easing it off at each end, but leaving it flat across 
the f^, by which means it will last longer with¬ 
out regrin^ng. There are some stones which are 
used with water instead of oil; they do not cut, 

•8 a rule, very freely, but the finer grades of them 
wiU cut unusually smooth; these are the descrip¬ 
tions used by the Japanese workmen, who use 
two stones, one to rough-cut, which cuts very 
freely, the other to finish, which seems to grip the metal firmly, rendering it easy to keep the tool at 
the necessary angle and bevel, while at the same time it cuts very finely indeed. 

The operation of using the oilstone is termed “ setting ” an edge. Cliisels and other straight-faced 
tools when being set are best held in such a manner that the direction of the motion of the hands is 
nearly but not quite at right angles to the line of the cutting edges, as may be seen in the operation 
of setting a plane-iron as shown in Fig. 8251. But in the case of carpenters’ gouges, it is prefera¬ 
ble to set the edge by moving it in the direction of its length. For this purpose the right hand, in 
which the tool is grasped, is held considerably to one side of the stone, every portion of the edge 
being tiien brought into contact with its surface at each forward or backward stroke by means of a 
similar w rist-m otion to that given in grinding it. J. R. (in part). 

OIL-TOSTER. See Lubricants. 

OIL-WELLS. See Well-Boring. 

OLEOMARGARINE. See Butter, Artificial. 

OPENER. See Cotton-spinning Machinsrt. 

ORDNANCE, CONSTRUCTION OF. The term ordnance includes artillery of all kinds in its 
most comprehensive signification. . Within the last twenty years the art of using a gun and developing 
hs power has been virtually transformed by the aid of scientific research and mechanical skill. This 
process of evolution is in active progress. The production of a gun more powerful than any hitherto 
known serves but as a challenge to the manufacture of armor capable of resisting the shot from that 
weapon; and success in this last involves efforts toward the construction of cannon of still greater 
penetrating energy. With the enormously heavy guns of modem times, new discoveries in the 
strength of gun-metals, in the art of making projectiles, in the nature of explosives, and in the 
resistance of various forms of armor, are made. These in turn react upon principles of gun con¬ 
struction previously deemed settled, and produce modifications in them; and thus advancement is 
accomplished by the light of experiment alone. 

Theobt of Construction.— ConUihtent Parte .—Cannon are classified as guns, howitzers, and 
znortars, or as field, mountain, prairie, siege, and seacoast cannon. Fig. 8252 represents an old form 
of cannon, which exhibits clearly the five principal parts into which nearly all guns are regarded as 
divided. These are the breech, A ; the first reenforce, B ; the second reenforce, C ; the chase, D ; 
and the swell of the muzzle, E. The breech is the solid part of the piece in the prolongation of the 
axis; its length should be from one to one and a quarter time the diameter of the bore, H, The 
first reenforce extends from the base-ring to the seat of the ball, and is the thickest part of the 
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piece, for the reason that the pressure of the gas is found by experience and calculation to be the 
greatest before the ball has moved far from its place. The second reinforce is that portion of the 
piece to which the trunnions are attached, and extends from the first reenforce to the chase; it is 
made thicker than is necessary to resist the pressure of the gas, in order to serve as a proper support 

for the trunnions and to compensate for de¬ 
fects likely to appear in all castings of irregu¬ 
lar shapes. The chase extends from the ^ 
of the second reenforce to the muzzle, or to 
the swell of the muzzle, which is now graer- 
ally omitted from large cannon. Trunnions, 
are cylindrical arms attached to the sides 
of cannon for the purpose of supporting them 
upon their carriages, and permitting them to 
be elevated and depressed in action. On the supposition that the strain upon the trunnions is 
proportional to the weight of the charge, it is laid down as a rule that the diameter of a gun's trun¬ 
nions should be equal to the diameter of its bore, and of a howitzer's equal to the diameter of its 
chamber. The axis of the trunnions is placed in the same plane with ^e axis of the piece in all 
the cannon of the United States service; and in this position the force of the charge is communi¬ 
cated to the trunnions directly, without producing any other than the inevitable strain on the carriage, 
and without checking the recoil Were the axis of the trunnions above or below that of the piece, 
the force of the dis^argc would act to turn the piece slightly upward or downward, producing un¬ 
equal strains. In many cannon the axis of the trunnions passes also through the centre of gravity 
of the piece. This arrangement was introduced by Gen. Rodman, who has shown that cannon con¬ 
structed in this way may be fired with accuracy, and, although easily moved, do not when fired sensi¬ 
bly change their position before the projectile leaves the bore. 

The interior of cannon may be divided into three distinct parts: the vent, or channel by which fire 
is communicated to the charge; the chamber, or seat of the charge; and the bore, or that part of 
the cylinder passed over by the projectile. The size of the vent should be as small as possible, in 
order to diminish the escape of the gas, and the erosion of the metal which results from it; and 
experiment shows that the interior orifice of the vent should be placed at a distance from the bottom 
of the chamber equal to a quarter of its diameter, or at the junction of the sides of the chamber 
with the curve of the bottom. The form of the chamber, or seat of the charge, has an effect upon 
the force of the gunpowder, as well as upon the strength of the piece to resist it; and experience 
has shown that its length should in general be equal to its diameter, and its surface shoitid be as 
small as possible compared with its volume. The charges with which solid projectiles are fired be^ 
generally greater than one-sixth of their weight, the cartridge occupies a space the length of which 
is greater than the diameter; the form of the seat of the ^arge is therefore simply the bore pro* 
longed. This arrangement reduces the length of the charge so that its inflammation is as complete 
as possible before the projectile begins to move. To give additional strength to the breedi, the bot¬ 
tom of the bore is generally round^ into an arc of a circle, but is sometimes hemispherical, tangent 
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to the surface of the bore. All cannon of the newest models have the bottom of the bore finished 
as a semi-ellipsoid, this form being thought to give greater strength than the hemisphere. The ac¬ 
companying figures illustrate the various forms of clmmbers in use. Fig. 8263 represents a cylindri¬ 
cal chamber; Fig. 8264, a conical chamber; and Fig. 8266, a spherical chamber. 

Length of Bore. —Originally, when mealed powder was habitually used, it was believed that the 
longest pieces gave the greatest range. In accordance with this idea, culverins were made of great 
length, and were only shortened after repeated experiments showing that the range increased at each 
reduction in length. The length of the bore has an important effect upon the velocity and range of 
the ball. This will be clearly seen by a consideration of the forces which accelerate and reta^ its 
movements. The accelerating force is due to the expansive effort of the burning powder, which is 
greatest when the grains are completely converted into gas, which in turn depends upon the size of 
the charge and the size and constitution of the grains. The retarding forces are the friction of the 
projectile against the sides of the bore, the shocks of the projectile striking against the sides of the 
bore, and the resistance offered by the column of air in front of the projectile. As the accelerating 
force of the charge increases up to a certain point, or till the combustion is completed, and rapidly 
diminishes as the space in rear of the projectile increases, and as the retarding forces are always 
opposed to its motion, it follows that there is a point where these forces would become equal, a^ 
the projectile move with its greatest velocity; it also follows that after the projectile passes tbis 
point its velocity decreases, until it is finally brought to a state of rest, which would be the case in a 
cannon of great length. Experiments made by Maj. Mordecai show that the velocity increases with 
the length of bore up to 26 fibres, but that the gain beyond 16 calibres gives an increase of only 
one-eighteenth to the effect of a 4-lb. charge. Taking the calibre as the unit of measure, it has been 
found by experience that the length of bore is greater for small arms which fire leadra bullets than 
for guns which fire iron shot, and greater again for the latter than for howitzers and mortars which 
fire hollow projectiles. In the earlier da 3 rs of artillery, when dust instead of grained powder was 
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used, the weight of the charge was equal to that of the projectile; but it is now admitted that a 
charge of powder equal to one^fourth of the weight of the projectile, and a bore of 18 calibres 
long, are the most favorable combination that can be made in smooth-bored cannon, to obtain the 
greatest range with the least strain upon the piece and its carriage. 

Strcdns ,—The kinds of strain to which a cannon is subjected are: 1. A tangential strain, tending 
to split the gun open longitudinally, and similar in its action to the force which bursts the hoops of 
a barrel; 2. A longitudinal strain, tending to pull the gun apart in the direction of its length, which 
tendency is a maximum at the bottom of the bore, and diminishes to zero at the muzzle; 8. A strain 
of compression exerted from the axis outward, tending to crush the truncated wedges of which a 
onit of length of the gun may be supposed to consist, and to diminish the thickness of the metal 
to which it is applied; and 4. A transverse strain, tending to break transversely the staves of which 
the gun may be supposed to consist, and similar 
in its action to the force which breaks the staves 
of a barrel. 

A formula embodying the strains, the pressure 
of the gas, and all other elements entering into 
the question, was deduced by Gen. Bodman from 
a series of original experiments. Its solution 
for particular cases gives a series of curved lines, 
a specimen of which is shown in Fig. 8256, which 
represents a Rodman gun. 

Tatinff Gwu .—^Various methods have been resorted to for determining the pressure of the gases 
throughout the bore, and deducing therefrom the proper exterior form for different kinds of cannon, 
1 ^ al^ of ascertaining the safety of the gun. Among the most successful of these is a modifica¬ 
tion of a plan first used by Col. Romford in 1841, and subsequently improved by Gen. Rodman. It 
consists in boring a series of small holes through the sides of a cannon at right angles to its axis, at in¬ 
tervals of one caUbre, and loading them with steel balls, which are projected by the force of the charge 
into a ballistic pendulum. The pressure at the various points is calculated from the velocity given 
to the balls. Gen. Rodman’s modification consists in substituting for the bullets a steel punch which 
is pressed by the force of the gases into a piece of soft copper. The weight necessary to make an 
equal indentation by the same punch in the same copper is then obtained by 
machineiy for each hole in the side of the gun, and a curve is constructed by 
plotting the results thus obtained, as in Fig. 8257. The ordinates of the curve 
A show the pressure on the bore at intervals of two calibres, commencing at 
the bottom of the bore for grain-powder; and those of the curve B show the 
same for cake-powder. The latter produced only about one-half the mean pres¬ 
sure on the length of the bore, and gave nearly the same velocity to the pro¬ 
jectile. The sources of uncertainty in this form of gauge, however, are various, 
and the limits of error can never ^ predetermined. 

In 1858-’56 a series of elaborate experiments was made at the Washington 
Arsenal, upon an apparatus devised by Dr. W. 
E. Woodbridge, termed a “piezometer” or pres¬ 
sure-measurer. Renewed attention has lately 
(1879> been directed to these trials, and a fuU 
record of them has been published in “Ord¬ 
nance Notes, No. XC.,” dat^ Nov. 20,1878. 
^fixng ,—^The object of rifling a gun is to increase its accuracy of fire, and, by enabling elongated 
projectiles to be sutetituted for spherical ones, to obtain longer ranges. To rifle a gun, spiral grooves 
are cut in the surface of the bore, into which the projections or soft-metal coating of the projectile 
are made to enter. The spaces between the grooves are called “ lands.” Where the grooves are 
very wide and the lands very narrow, they are termed “ ribs.” The calibre of a rifled gun is measured 
across the lands; in the case of a rib-rifled gun, it is measured to the bottom of the grooves. Most 
of the systems of rifling that have been adopted may be divided into the following classes: 1. Muzzle- 
or breedi-loading guns having projectiles of bard metal, fitting the peculiar form of the bore mechani¬ 
cally ; 2. Muzzle- or breech-loading guns with projectiles having soft-metal studs or ribs to fit the 
grooves; 3. Muzzle-loading guns with projectiles having a soft-metal envelope or cup, which is ex¬ 
panded by the gas in the bore; 4. Breech-loading guns with projectiles having a soft-metal coating 
larger in diameter than the bore, but which is compressed by the gas into the form of the bore. 

To the first class belong the Whitworth, Yavasseur, Scott, and Lancaster systems. The Whit¬ 
worth gun has a hexagonal spiral bore, the comers of which are rounded off. The form of the bore 
is not, however, strictly hexagonal. The interior of each gun is first bored out cylindrically, and 
when the rifling is completed a small portion of the original cylindrical bore is retained along the 
centre of each of the sides of the hexagonal bore, and the other parts of each side recede or incline 
outward toward the rounded angles; hence the diameter of the hexagonal bore is greatest at the 
rounded angles. In Vavasseur’s system, the rotation is given by means of raised ribs in the bore, 
while the projectile itself has corresponding grooves cut along its cylindrical surface. The ribs are 
three in number, and there are no sharp angles either in the projectile or the bore of the piece. The 
twist is one turn in SO calibres for all sizes. In Scott’s system, the bore is rifled with narrow shallow 
grooves, deeper on the driving than on the loading side. The projectile is one iron casting, having 
ribs almost triangular in section, extending the whole length of the cylindrical body, and set to the 
angle of the rifling. Lancaster’s system may be described as that of the usual circular bore with two 
wide grooves, each about one-third the circumference in width, the shoulders of the grooves being 
shaved off so as to form an ellipse. The cross-section of the bore is oval, only a trace of the original 
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bore being left at the minor axis. This system has not been successful in competition with other 
systems. 

To the second class of rifling systems belong the Woolwich or French rifling and the shunt system. 
The Woolwich system is a modiflcation of the French, and consists of deep broad grooves, each of 
which receives two soft-metal circular studs. The grooves are three or more in number, according 
to the calibre of the piece. The shunt system is one of Armstrong’s methods. Its peculiarity is 
that the depth and width of the grooves vary at different parts, the object aimed at being to pro¬ 
vide a deep groove for the studs of the projectile to travel down when the gun is being loaded, 
and a shallow groove through which they must pass when the gun is fired, so that the projectile 
may be gripped and perfectly centred on leaving the muzzle. This is obtained by making one side 
of the groove (the driving side) shallow near the muzzle. 

The third class of rifling is represented by the Parrott system. In this the grooves and lands 
are of equal width, the former being one-tenth inch deep for all calibres. The bottom comers of the 
grooves are rounded to facilitate cleaning and to avoid sharp angles. The projectiles are recessed 
around the comer of the base to receive a brass ring, which is expanded into the grooves of the gun 
by the explosion of the powder. 

The fourth class of rifling is illustrated by the German system or Krupp’s method. In this system, 
the grooves are usually 30 in number for all calibres, and are quite shallow. The sides are radial, 
forming sharp angles with the bore. The rifling has a uniform twist of one turn in 26 ft. The 
grooves are wider at the bottom of the bore than at the muzzle, so that the compression of the lead- 
coated projectile is gradual, and less force is expended in changing the shape of the projectile. This 
change of shape is effected by making the whole groove of the same size as at the mu 2 ^e, and then 
cutting away gradually on the loading edge of the groove. Of course, as the twist is uniform, the driv¬ 
ing side of the groove cannot vary. 

Forms of Gannon.—^Muzzle-Loading Smooth-Bore. —The construction of smooth-bore guns is ex¬ 
plained under Ordnance, Manufacture of. The .principal forms are the Dahlgren and the Rodman. 

The Dahlgren Oun is represented in Fig. 8268, which shows the form of the navy 16-inch, such as 
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is commonly used in monitor turrets. The principal data regarding these guns will be found in the 
table on page 490. The same table exhibits the dimensions, etc., of Rodman guns. The general 
form is shown in Fig. 8266. 

Muzzle-Loading Rifles. —The Parrott Oun, Fig. 8259.—^This is an American cannon, hitherto 
fabricated exclusively by the inventor, the late Captain Parrott of the West Point Foundry. Its 
peculiarity consists in the fact that the gun is a cast-iron piece, strengthened by shrinking a coiled 
hoop of wrought iron over that portion of the body which surrounds the charge. None of these guns 
have been manufactured since 1866. 

T?ie Armetrong Oun .—To Sir William Armstrong is due the credit of employing wroughi-iron 
coils shrunk together to form the gun. His principles are: (1) to arrange the fibre of the iron in 
the several parts of the gun so as best to resist the strain to which they are respectively exposed; 
and (2) to shrink the successive parts of the gun together so that not only is cohesion throughout the 
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mass insured, but the tension may be so regulated that the outer coils shall contribute a fair share 
to the strength of the gun. A section of this weapon is shown in Fig. 8260. The barrel is made of 
solid steel ingot bored out and tempered in oil, by which its brittleness is decreased and tenacity 
increased. That part of the barrel at and in rear of the trunnions is enveloped by three layers of 
wrought-iron tubes, not welded at the ends, but hooked to each other by shoulders and recesses. 
This is accomplished by heating and expanding the end of one tube and slipping it over the shoulder 
of another, upon which it contracts by cooling. The breech is closed by a cylindrical forged block 
with a bevel screw-thread cut upon it; this is screwed into the breech-coil and made to b^r fairly 
against the solid end of the steel A tube; this also forms the cascable of the gun, and is called the 
cascable screw. Tlio first guns constructed by Armstrong were breech-loading, but his system of 
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fenneture could not be applied to the larger calibres. This principle was therefore abandoned, and 
the muzzle-loading gun adopted. 

A 100-ton gun of the Armstrong type has been constructed for the Italian armored vessel Dandolo, 
and is represented in a full-page engraving. (See Abmor.) The following are the leading particu¬ 
lars and dimensions: Total length over all, 82 ft. 10^ in.; greatest diameter 07er chamber, 11 in.; 
diameter at muzzle, 29 in.; diameter at end of tnmnion-coil, 45 in.; diameter of bore, 17 in.; length 
of bore, 30 ft 6 in.; numW of grooves, 27; twist at chamber, 1 in 150 calibres, increasing thence 
to a point near the muzzle to 1 in 50, after which it is uniform; preponderance, 4 tons; weight of 
projectile, 2,000 lbs.; powder charge, from 800 lbs. upward. The gun is built with a steel A tube 
made in two lengths, and of varying thicknesses increased in steps from the muzzle to the chamber. 
Around the chamber three coils are placed over the A tube as far as the trunnion-coil, where they 
are reduced to two, and finally to one for rather more than half the total length of the gun. The 
carriage upon which this monstrous piece of artillery is mounted consists of two blocks on which the 
trunnions rest, and which are free to slide in guides on the fioor of the turret; behind these blocks 




are placed the hydraulic-brake cylinders, so as to take up the force of the recoil in the simplest and 
most direct manner. The gun was loaded and worked entirely by hydraulic power, as shown in Fig. 
8261. A is the gun-^atform, JB the slide on which the gim recoils, C the sliding trunnion-blocks 
carrying the gun, and 2> the recoil-presses. B E are the chests containing the valves by which the 
resistance to recoil is regulated, F the elevating press, and O the hinged beam through which the 
elevating press acts on the gun, and upon which the breech of the gun slides in recoiling; AT AT are 
iron bands connecting the gun with the sliding-block I; K shows the position of the muzzle of the 
gun when depressed for loading after recoil; L is the projectile on its trolley; if the hydraulic tele¬ 
scopic rammer with sponge-head; N the chain and press for withdrawing the rammer; and 0 the 
engine for supplying the hydraulic power. The following table exhibits the results obtained from 
the trials of the 100-ton gun; 
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The ElaJeely Qun^ Pig. 8262.—^In this gun the inner tube or barrel is formed of low steel; the 
next tube consists of high steel, and is shrunk on the barrel with just sufficient tension to compensate 
for the difference of elasticity between the two. The outer jacket to which the trunnions are at¬ 
tached is of cast iron, and is put on with only the shrinkage attained by wanning it over a fire. The 
steel tubes are cast hollow and hammered over steel mandrels by steam-hammers, by which pr^ 
cess they are elongated about 180 per cent, and the tenacity of the metal at the same time is 
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increased. They are made to throw 700-lb. projectiles, with a calibre of 12 in., and weigh as much 
as 40,000 lbs. 

Th^ Vavasseur Ourty Fig. 8263.—This gun is manufactured entirely of steel. The inner or A tube 
is rough-bored, left solid at its breech end, turned down nearly to its finished dimensions, then tem¬ 
pered in oil; after which it is again turned and 
fitted for the jacket which is shrunk over the 
breech end of the A tube; the proper amount 
being allowed for shrinkage, which amount is 
carefully ascertained by gauging the surfaces to 
be joined. The B tube is heat^ over a pit, the 
furnace being constructed around it. When suf¬ 
ficiently heated the A tube is quickly lowered 
into its place by means of a crane, and the whole 
allowed to cool, the fire being smothered with 
sand. Any longitudinal movement of these surfaces is prevented by a shoulder abutting. Coiled 
steel hoops arc then shrunk over the chest, and the gun turned for receiving the trunnion-hoop and 
the remaining front and rear ones. The hoops are short, being from 6 to 8 in. in len^h, and can 
therefore be thoroughly worked and more easily and accurately adjusted. The rifling is upon the 
rib system, 1 turn in 30 calibres, uniform for all sizes of the gun, requiring no studs upon the pro¬ 
jectile, giving more bearing surface for it, and rendering the bore less liable to foul. 

The Woolwich Oun^ Fig. 8264.—This gun now forms mainly the type used for English armaments, 
and is built upon the Armstrong principle modified and improved by Mr. Frazer, who reduced the 
cost of the gun as well as the number of parts. These guns have been constructed of various cali¬ 
bres, viz., 7 in., 8 in., 9 in., 10 in., 11 in., 12 in., 16 in. The last named is known as the 81-ton gun, 
a description of which will suffice to show the method of construction for all sizes. The interior of 
the gun was formed by a solid-ended steel tube, weighing 16^ tons, and having no flaws. The ma¬ 
terial used was entirely crucible steel, being melted in about 240 small crucibles, whose contents were 
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run into a large mould. Over the rear end of the steel tube was shrunk a very powerful coil of 
wrought iron, called the breech-piece. This was made of a single bar, 12 in. thick from inside to 
outside, hammered, rolled, and coiled—forming a cardinal point in the mode of construction. The 
cascable was next screwed in, so as to abut firmly against the solid end of the tube, and the B coils 
were then shrunk on into their places. The ponderous C coil, carrying the trunnions, was made of 
two coils, one outside the other, and was 18 in. thick. These coils were welded together under the 
40-ton hammer. It should be stated that, in order to obtain greater certainty of soundness and ease 
of manipulation, both the breech-piece and the C coil were made in two pieces, which were welded 
together, end to end; care being taken that the weld of the breech-piece was not inconveniently 
near that of the G coil. The shrinkage of the powerful coiled breech-piece caused the bore to con¬ 
tract .020 in., and the compression of the massive outer coil carrying the trunnions was so great that 
it was transmitted through the breech-piece, and caused a further contraction of .023 in. in the bore. 
This gun was first constructed with a calibre of 14.5 in., and tested. Its bore was then enlarged. 



and further tests were made at 16, and finally at 16 in. When first completed its weight was nearly 
82 tons; length of bore, nearly 24 ft.; total length, 27 ft.; nxunber of grooves, 11, spiral, increasing 
from 0 to 1 in 85 calibres at the muzzle. The inner and trunnion coils are respectively 10.5 in. a^ 
13.6 in. thick. The diameter of the gun at its different lengths is 72 in., 64.6 in., 87.6 in., 82.8 in.^ 
and 26 in. After the tests upon the experimental gun modifications were introduced in those sub¬ 
sequently made. The rifling was altered to conform to the polygroove principle, and has a gaining 
twist commencing at 0 at the front of the powder space and terminating in 1 in 60 at the muzzle. 
There are 82 grooves 1 in. wide and -jV deep with -^-in. lands. The gun has at present a uniform 
calibre of 16.6 in. The rate of advance of the rifling was arranged so that the curve of resistance 
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giren by it approximately follows the curve of pressures afforded by the explosion of the powder- 
charge during the passage of the projectile through the bore of the gun. The forces at work within 
the gun are thus practically balanced, the moment of greatest resistance of the shot being coincident 
with that of the greatest force of the powder. 

Tht WhUwo/rdi. Gun .—This gun was invented by Sir Joseph Whitworth, and is manufactured of 
homogeneous iron or of steel, the smaller calibres being forged solid, and the larger ones built 
up. The 74nch Whitworth is constructed of a central steel tube, covered by a second tube extend¬ 
ing its entire length, over which hoops or jackets of steel, cast hollow and hammered out over a steel 
mandrel, are shrunk. The hoop for the trunnions is shrunk on separately. The inner jacket laps 
the rear of the tubes, and is screw-tapped; the outer jacket is fitted in the same manner, and the 
rear end of the tube is also tapped. Into these fit the breech-plugs, which have three cori*c8ponding 
shoulders made to enter the tapping in the tube and outer and inner jackets. The vent is through 
the breech-plug and in prolongation of the axis of the bore. The rifling, as has already been ex¬ 
plained, is radically different from that of other guns, the motion being given by spiral hexagonal 
surfaces, requiring the projectile to be fitted with corresponding exterior surfaces. This method 
admits of the more rapid twist which is necessary, together with a higher initial velocity, than with 
the rib or groove rifling; this necessitates greater strain, but increases range and admits of greater 
accuracy. The gun was designed for use of heavier charges of powder and longer projectiles than 
used with other guns. To make the gun endure the strain occasioned by the use of high charges 
and long projectiles. Sir Joseph Whitworth now manufactures his gun of a superior steel known 
as the ** Whitworth metal.’’ This metal is compressed while in its molten state by applying a heavy 
pressure, thus increasing its density and tenacity. 

n. Bbexch-Loaoino Rifles. —England has adopted the muzzle-loading system. France, Germany, 
Russia, Austria, Italy, Turkey, and Sweden adhere to breech-loaders. Among the chief advantages 
which breech-loading is claimed to possess, as compared with muzzle-loading, are the perfect fitting 
of the projectile in the bore, the true centering of the shot, the quicker and more convenient serving 
of the gun, and the gpreater security to the gunners, and, as the consequence of these advantages 
in combination with a suitable class of rifling with uniform twist, far greater endurance of the gun, 
higher initial velocity of the projectile, increa^ accuracy, and better powers of penetration. 

The Krupp Gun .—^The guns constructed by Mr. Friedrich Krupp at Essen, Prussia, are built up 
by shrinking hoops of steel over a central tube with initial tension. In large calibres tho layers of 
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hoops are double. Fig. 8265 exhibits the gun on rts carriage, and the construction of the piece is 
shown in Fig. 3266. R is the breech or bottom piece, A the hooped or middle piece, and C the cone 
or chase. The breech-piece immediately in rear of the hooped piece contains the wedge-hole 
catting through at right angles to the axis of the bore. In the base of the breech is the hole L for 
loading. Fig. 3267; and on the side of this aperture is a hook F, with two slots for the binges of 
the loading-box and hooks for the shell-bearer. The hooped piece, diminishing in front by steps 
toward the chase, has in its rear the protruding end hoop D, The central tube T is very massive, 
and is forged and turned from a single ingot, losing half its weight in the lathe. The hoops are 
made with an endless fibre, and are kept from worldng on the gun by key-rings. The breech-plug 
is a steel cylindro-prismatic wedge, which slides in a mortise on the breech-piece. In the Krupp, as 
well as in nearly all modem breech-loading guns, the Broadwell gas-check. Fig. 8268, is used. This 
consists of a plate H and ring /. The latter is of steel, and fits into a groove at the bottom of the 
bore close to the wedge mortise. In the face of the breech-block is a circular recess, the diameter 
of which corresponds with the outside diameter of the ring. In this recess is placed the steel-plate, 
and against this the ring takes its bearing. The cylindro-prismatic block is moved to and fro by 
means of two screws. The first of these is a quick-motion screw with several threads upon it. This 
screw is merely used for running the block easily in and out, and is dispensed with in all calibres 
less than 8 in., in which handles are attached to the end of the block, which is moved by hand. The 
second screw is employed for jamming and lockine: the block, and it works into a large cylindrical 
nnt let into a socket made in the broad end of the large block. A portion of the thread of this 
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screw is cut away, so that as it is turned the thread may either engage or disengage with the breech 
of the gun, and the block is thus locked or unlocked. As the block is run home (and this can be 
done easily without the screws, and by one hand even in the 12>in. gun), the circular plate and the 




back of the ring come into close contact, and from their form it is impossible that either can be dis¬ 
placed. The riding is polygroove, and a slightly different twist is given to the sides of the grooves, 
being I turn in 64 ft. 2 in. on one side, and 1 turn in 64 ft. 10 in. on the other, thus making the grooves 

of diminishing width toward the mu^e, and in¬ 
suring the tightness of the gas-check. Tlie vent 
passes through the breech-block, and is in line with 
the axis of the bore. The chamber is eccentric to 
the bore, the lower surface being level with the 
lands, which admits of the projectile moving read¬ 
ily and taking the grooves imo^iately upon start¬ 
ing from its seat, and preventing gas-escape. These 
guns have proved superior to all others in endur¬ 
ance, and in trials with the Armstrong gun, at 
Tegcl in Prussia and Steinfeld in Austria, they 
6t<^ the full test, while the latter failed after com¬ 
paratively few rounds. 

The largest steel gun yet (1879) constructed has 
been built by Mr. Erupp. It weighs 72 tons, and has a calibre of 16} in.; length of the gun 82 ft. 
8 in., and of the bore 28 ft 6 in. The length of bore in the Erupp gun is thus apparent, being 21f 
•calibres, as against 18 calibres in the English 81-ton gun. The material of which the Erupp gun is 



■composed is steel throughout The core of the gun consists of a tube running its entire length, as 
in the Woolwich gun, but open at the rear, the loading being at the breech instead of the moale. 
The tube of this large weapon being of such great length, it h^ been made in two portions, the joint 
being secured in a peculiar manner. 
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The diarge for this monster gan is 886 lbs. of prismatic powder, the projectile being a chilled-iron 
shell of 1,660 lbs., with a bursting charge of 22 lbs. of powder. The velocity of the projectile as it 
leaves the muzzle of the gun is calculated to be 600 metres, or 1,640 ft, per second, corresponding to 
an energy of very nearly 81,000 foot-tons. It is estimated, rather as a matter of curiosity than 
otherwise, that if the gun were fired with its axis raised to an angle of 48° with the horizon, it would 
send its projectile to a distance of 16 miles. Great accuracy is ^so claimed for this weapon, as for 
all the Enipp breech-loading ^ns. 

The Dear^UchaHui Bronxe-ated Oun .—This gun, constructed on a system devised by Mr. S. D. Dean 
of Boston, is composed of an alloy of 8 per cent, tin and 92 per cent, copper, cast in a cast-iron mould, 
in which is placed a cylinder of copper, which by absorbing part of the heat of the molten metal 
causes rapid chilling of the central portion. A sand-mould is added so as to form a dead-head, in 
which, owing to the use of the sand, the metal remains in the molten state for a comparatively long 




time, and so fills up any recess that would otherwise be formed in the chilled portion underneath. In 
short, the dead-bead performs the usual function of feeding the casting under these special condi¬ 
tions. In Fig. 8269 is shown the mould ready for casting a field-gun with the interior copper cylin¬ 
der. The core is eventually entirely removed by the boring-bit, whose size is sufficient to cut the 
copper entirely away. In a gun whose bore is nearly 8^ in., the bronze is compressed by the intro¬ 
duction in succession of six steel mandrels, which are forced home by hydraulic pressure. The 
mandrel, which is well tempered, is formed at the end into a truncated cone, so as to force the metal 
outward and enlarge the bore. Fig. 8270, represents an annular support on which the gun A 
rests. After compression the bore has a diameter of nearly 8^ in. 

The breech-block. Fig. 8271, is also of bronze-steel, and rectangular. The loadlng-< 7 linder, JT, is 
also of bronze, cylindrical, and dovetailed into the breech-block as shown, so as to be capable of 
movement backward and forward. To the left end of the breech-block is attached the arrangement 
for moving it, and for securing it in position. This consists of the plate ^r, secured by the screws 
A A, through which passes the spindle of the square-threaded screw t, which carries the cross-handle 
k at the outer end. The thread of the screw t is so cut that when the handle k is horizontal, no 
part of the thread projects beyond the rear face of the 
block, and the latter can be moved laterally in the slot 
until this thread comes opposite the female thread cut 
for ita reception in the rear face of the breech-block 
slot; a half turn of the cross-handle, bringing the same 
vertical, then causes the screw to bite, and sends the 
breech-block well home. 

The cannon produced in the manner described are de- 
dared to possess all the hardness, homogeneousness, and 
ledstance of steel tubes. The compressed bronze is not 
more liable to wear than steel, and is much less affected by atmospheric agency. The cost of bronze 
guns is much less than that of steel, if the value of the old metal be taken into account. . One of 
these new bronze guns has borne several hundred discharges, with the ordinary charge, successively, 
without the slightest deformity or injury being apparent in any part of the piece. 

The HoUhk^ Own. —^The construction of this gun is based upon the application of a metallic 
cartridge, forming the gas-check in the gun, the extraction of the empty cartridge-case being per¬ 
formed automatically by opening the breech. The Hotchkiss cannon of all calibres are made of 
Whitworth’s fluid-compres^ steel; these above 2.7 in. bore are jacketed with the same material. 
Mountain guns of smaller calibres are made of a solid forging, only the trunnion-ring of wrought 
iron being shrunk on. The breech-loading arrangement consists of a simple prismatic block A, 
Fig. 3272, with a locking-screw B^ working in a recess in the breech and operated by a lever-handle 
C, with which the block is at the same time drawn out and closed. As a metallic cartridge is 
uaed, tightening up the breech is unnecessary, and the breech-block simply forms a backing for the 
head of the cartridge. In this manner the special gas-chcck is avoided. The cartridge-extrac¬ 
tor is a prismatic piece of steel, forming at its farther end the hook By and working in a 
recess on the upper part of the breech-slot, and parallel to the bore of the gun. It has on its 
under side a stud F, which works in a groove O on the upper side of the breech-block. The stud 
of the extractor for a time runs in the straight portion of the groove; but as soon as the wedge 
is so far withdrawn that the loading-hole H coincides with the chamber, the^ stud runs in the in- 
dined part of the groove, and the extractor is consequently moved back quickly, and the empty 
cartridge-case is in this manner thrown out of the gun. 

Howitzers are small cannon, usually made shorter and lighter than other guns of similar 
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calibre, and intended for light charged, eomparatively large projeetiles, and moderate angles of ele¬ 
vation. Shells are most commonly used as projectiles, and the bore is chambered for the reception 
of the charge. United States naval howitzers are of bronze, and of the form shown in Fig. 3273. 
The piece is mounted on its carriage by the bore shown beneath. 

Fig. 3274 represents the breech-loading naval howitzer, which is fitted with the French system of 
breech fermeture. In this system the breech is closed by a screw-plug of cast steel having 14 
threads, which is screwed into the rear part of the- bore. Were it necessary in firing to screw and 
unscrew the whole length of the plug at every round, much time would be wasted; but this is obvi- 
ated by dividing the screw into sU parts in the direction of its axis, the threads being removed from 



every other one, both from the plug and from the breech of the gun. When the breech is to be 
closed, the threaded portions of the plug are presented so that they come opposite the smooth parts 
of the bore-hole. The slug is then pushed in, when a sixth of a turn with the handle brings the 
screw of both parts together. 

Mortabs. —A mortar is a piece of ordnance with thick walls and large bore, designed to throw shells 
at high angles of elevation, usually 45**, thus obtaining a vertical fire. On this account, and for 
convenience in loading, they are made stronger and shorter than other kinds of ordnance. They are 
chambered, and small charges of powder are employed, sufficient only to cause the projectile to reach 
the object. The shell usually contains combustible material for the purpose of firing structures, 



besides exercising also an additional destructive effect by the velocity of its fall. Mortars are 
mounted upon a carriage fixed upon a revolving platform, and are used afloat in small vessels espe¬ 
cially fitted for them. 

Rifled breech-loading mortars are now used by the principal European nations. Russia has a 
large number of bronze pieces of this type, fitted with the Erupp method of fermeture, but having 
the gas-ring of pure copper instead of steel. They are mounted with trunnions upon an iron carriage, 
consisting simply of two brackets united by a rear transom and several transverse bolts. The 
elevating gear is a pinion-wheel upon a revolving transverse shaft forward of the trunnions, working 
in a cogged arc under the piece, and capable of giving it 70** elevation. The Austrians and Prus¬ 
sians also have breedk- 
loading pieces of a um- 
ilar type, and, though 
termed mortars, more 
nearlyresembling how¬ 
itzers of large calibre, 
designed to be used at 
high elevations. 

Performances of 
Heavy Guns. — Fig. 
3275, compiled by Ma* 

jor S. C. Lyford, Ordnance Department, U. S. A., shows the penetrative power of projectiles fired 
from English guns against iron-clad ships of war. Each target represents a certain class of Tessels 
at a distance of 70 yards, except where the range at which projectiles would penetrate is stated. 
Where the target is shown perforated, but no range is given, it includes all distances up to 2,000 
yards. It will be observed that the penetrative power of the German, French, Italian, and Russian 
guns is practically the same as that of the English, calibre for calibre. The Russian guns hare the 
same power as the Italian 9.4-in., the 15-ton breech-loading rifle, and the 8.2-in., 11-in., and 12-ln. Ger¬ 
man breech-loading rifles. The targets represent the armor and backing of different ships, as follows: 

Targets A, B.—American iron-clads, Miantonomoh, Canonicus; English, Minotaur, Resistance, De¬ 
fence, Black Prince, and Repulse; French, Solfcrino, Peiho, Embuscade; Russian, Sevastopol, Per- 
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venetz; Austrian, Kaiser Max, Ferdinand Max; Danish, Rolf Krake; Turkish, OrkaneR; Italian, 
Ancona; Spanish, Saragossa; Brazilian, llerval, Silvado. 

Target C—English, Bcllerophon, Penelope, Lord Warden; French, Alma, Flandre; Russian, Admi¬ 
ral Greig, General Admiral; German, llansa; Austrian, Lissa; Turkish, Avni lllab; Italian, Venezia. 
Target D—English, Audacious ; French, Ocean, Marengo; Russian, Minin, 


Foot Tokii. 



A. lOO-ton, li-in., M. L. rifle—Italian, 

B. 81-ton, 16-ln., M. L. rifle—English. 

C. 66}-toD, 14-in,, R L. rifle—l^ssion. 

D. 88-ton, 12.5-tn., M. L. rifle—English. 

E. 86-ton, 12-in,, B. L. rifle—Pnissinn. 

F. 84i-ton, 12.6-in.. B. L. rifle—French. 

G. 85-ton, 12-in,, M. !». rifle—English. 

( 2d-ton, ll-ln., M. L. rifle—English. 

H. ■< 22-ton, 10.2-ln., B. L. rifle—Prussian. 
( 21-ton, 10.8-in., B. L. rifle—FMnch. 


I. IS-ton, 10-ln., M. L, rifle—Ecgliah. 

J. 15-ton, 9.4-in., B. L. rifle—Italian. 

K. 14-ton, 9.4-in., B. L. rifle—French. 

L. 15-ton, 0.2-in., B. L. rifle—Praaalan. 

M. 12-ton, 9-in., M. L. rifle —^English. 

N. 9-ton, sJl-in., B. L. rifle— PruAstan. 

O. 7A-ton, 7.8-in., B. L. rifle—French. 

P. 9-ton, 8-in., M. L. rifle—English. 

Q. 6|-ton, 7-in., M. L. rifle—EngUah. 


Target E—English, Hydra; German, Kaiser Wilhelm; Austrian, Archduke Albert; Danish, Odin. 
Target F—French, Friedland; Dutch, Duffel Tiger; Turkish, Fethi Bulcnd. 

Target G—^French, Cerb^re; Italian, Custozza; Chilian, Almirante Cochrane. 

Target H—German, Kaiser; Brazilian, Independencia. 

Target I—^English, Hercules, Hotspur; Russian, Novgorod. 
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Target J—English, Devastation; French, Redoutable, Richelieu, Tonnerre; Russian, Peter the 
Great; Brazilian, Garavi. 

Target K—English, Inflexible; Italian, Duilio. 

The diagram. Fig. 3276, also compiled by Major Lyford, exhibits the penetrating energy, in foot- 
tons per inch of shot’s circumference, of foreign ordnance, at ranges of from 70 to 2,000 yards from 

muzzle of the gun. Guns are indicated as follows: English, ■ - - - ; French, ; 

German and Russian,--; Italian, ■■■. . The Russian guns are represented 

in power by the 12-in., 11-in., 9.2-in., and 8.2-in. Prussian breech-loading rifles. 


TobU sAowtf^ WdghXy Limentionay ete.y of Ordnance of the United States Land Service,* 
Standard ana Retained Calibres, 






1 

o 

"S 

i 


Charge of 
Powdv. 

PBOJBOTlLXa.t 

Initial 

Velocity. 


NAME OF PnCK. 

MatofaL 

Wdaht 

Extranc 

Length. 

Calibre. 

Weight 
of Shot 

Weight 
of SbeU 
empty. 

in 

yarda. 

SXA-OOAST PIXOBS. 











Gone, 

Cast iron, 1 
wr^-iron lined, j 

U 

Um. 

In. 


In. 

Lbe. 

Lbe. 

Lbk 

Feet 


Bifle (Model 1878)..... 

^Ifle (Model 1870).... 
Bifle. 

89,000 

82,878 

40,681 

262.8 

240 

ISO 

21 

21 

17 

12 

12 

10 

110 

100 

80 

700 

600 

400 

*8^ 

1,896 

1,810 

1,480 

.... 

Bifle (C<niTerted). 

Cast iron, with ) 
wr*t-iron tube. | 

16,160 

186.66 

15 

8 

85 

180 

150 

1,411 


Bifle (Parrott, 800-pdr) 
Bifle (Parrott, 200-pdr) 

Cast iron, with i 
wr't-lron Jacket, f 

a 

26,500 

16,800 

176.1 

168 

15 

11 

10 

8 

25 

16 

800 

200 

250 

150 

1,885 ( 

4,290 

4,272 

Bifle (Parrott, 100-pdr) 
Bifle (Banded 42-pdr) 
Bifle (Banded, 82-pdr) 

u 

Caat Iron. 

te 

9,700 

115,200 

49,099 

154.25 

129.4 

125.20 

» 

16 

18 

6.4 

7 

6.4 

10 

125 

100 

1,6^ 

450 

450 

80-100 ] 

8,468 

Smooth-bore (Model) 

1878).f 

Smooth-bore (Model t 

1861).f 

M 

190 

** 

16 

15 

880 

880 

1,786 

6,001 



III 



18 

70 

25 

15 

288-800 

128 

68 


1,697 

1,500 




ITTeOlSO 








8 






.. 


.... 


Mortars. 












n 1 I 

88,675 

17,250 

7,800 












** 


*20 

12 

.... 



4 686 

^. 





. . r , 


.... 





.. 




.... 

4J586 

snos racn. 











Guns. 












Cast iron. 

Chat iron, with 1 
wr't-lron Jacket f 

8,450 

188 

182.75 

9 

4.5 

4.2 

7 

85 

25 

29 

1 AOA 


. 

Bifle (Parrott, SO-pdr.) 

4,200 

5 


25-80 

IfYXU 

1,298 

6,700 

Movtiisers. 











Smooth-bore _..... 

Caat iron. 

tt 

8,600 

1476 

60 

69 


g 

4 


45 

17 

1,070 

2,280 

1,822 

Smooth-bore, fla^ ) 
defense.) 


5.82 

9 

.... 

Mortars. 











Smooth-hore... ....... 

Caat Iron. 

1,900 

1,050 

1C4 

29.25 

28.25 
16.82 


10 

8 

5.82 

4 


88 


2 064 

Smooth-bore.......... 


2.25 

0.5 

.... 

144 

17 

.... 

2,225 

1,200 

Smooth-bore, Coehom 

Bronze. 

- 


.... 

FIXLD PISCES. 











Guns. 











Blila. 

Wrought iron. 

' a 

1,156 

880 

78.84 

7 

8.6 

8 

8 

16.76 


1,814 

1,418 

1,283 

1,476 


Bifle. 

72.65 

7 

2 

10 

*9.6 


Bifle (Parrott, 10-pdr.) 
Bifle (B. L), Monn-« 
♦miiy Hotchklas... f 
CannoD-re t o 1 t e r, / 
Hotchkiss.. S 

Caat iron. 

SteeL 

tt 

890 

116.65 

1212.60 

77.8 

45.86 

66.76 

» 

10 

6 

8 

1.66 

1.45; 

1 

1,851 grs. 

10.5 

9.75 

7,716 grs. 

5,‘0()0 

Smooth-bore (12-pdr.) 

Bronze. 

Steel. 

1280 

1008 

72.55 

63 

*6 

4.62 

1 

2.6 

825 grs. 
70 “ 

12.8 
8,500 gr 
450 

8.84 

1,495 

2,000 

1,200 

1,000 

. 

. 

a 

865 

60 

6 

0.5 


I'm 

Hstling. 

u 

195.5 

49.7 

5 

0.45 

70 “ 

405“ 


MotcUsers. 

fSiiwMttb -horo... ... 

BroQMo 

1920 

82 


6.4 

8.25 

Otse ) 
80.76 f 

28.J 

1,183 

2,844 

8mootb-bo^ Moon-1 
tain. . r 

u 

220 

87.21 


4.62 

0.5 

Can’r | 
12.17 f 

8.84 

. 

1,005 


• Compiled by Lieut. C. 9. Smith, U. 9. Ordnance. 

t Except for machine-guns and the Hotchkiss monntaln B. L. gun, shot and shell for rifled gnns are fitted with an 
expandiDir sabot, to oommnnlcate to the projectile the rotation due to the rifling. Ko spedal sabot, however, has as 
adopted as standard. The Bailer, Parrott, Arrick, and Dana all give good reaolts. 
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TahU showing Weighty Dimensions^ etc., of U, 8. Naval Ordnance. 


NAME OF PIECE. 

MstarUl. 

Weight. 

Length. 

Ne. of 
Orooree. 

Cidibre. 

Cbaiveof 

P 

Nstore. 

aojKcnu 

We%fat. 

L 

Iniliel 

Vclodtjr. 

SmooO^hore Guns. 


Lb*. 

Feet. 


inebee. 

Lbe. 


Lbe. 

FLpereec. 

XV. Inch. 

Oast iron. 

42,000 



15 

60 

Shell. 

862 

1,100 

XV. inch. 


44,000 



15 

ICO 

“ 

852 

1.600 

XI. inch. 

** 

16,000 



11 

so 

Hhot 

166 

1.062 

XI. inch. 

U 

16,000 



11 

15 

8heU. 

186 

1,240 

IX. inch.. 


9,000 


.... 

9 

10 

•* 

70 

1,820 

8S-pdr.. 

u 

4,500 



6.4 

6 

44 

26.6 


Smooth-bore ffowitzers. 









24-pdr. 

Bronze. 

1,800 



6.89 

2 

a 

18.5 


IS-pdr.. . 


760 


.... 

4.62 

1 

u 

8.76 


12-pdr.. 

44 

4.30 



4.62 

.626 

44 

8.76 


12-pdr. 

a 

800 

.... 


4.62 

.626 

a 

8.75 


Rifled Guns. 




* 






Psrrott. -< 

Oast iron 
with wrought- 

il6,800 

18.6 

11 

8 

16 

I „ 

j 8hen 


( 

iron retoforoe. 

1 






f los 




9,700 

18.0 

9 

6.4 

Ul 


1 80 
IlOO 1 

“ . 

M j 

1 

6,860 

10.6 


7 

6 

** 

43 

1,820 

Rifled notoUters. 

; 

1 








1 

£0-pdr., heavy. 

Bronze. 

2.000 



4 

9 i 


so 


20-pdr., light. 


1,840 



4 

9 

U 

20 


IS-pdr. 

44 

880 



8.4 

1 

M 

19 



Kotb.— A limited number of experimental guns hare been conatmcted br the Ordnance Bnrean of the U. 6. Nary. 
The 11-tn. smooth-bore has been converted into an 8-in. rifle. 80, 0(^and 80 mnzile-loading Pairotta have been ooo- 
verted into breech-loaders bv boring out the breech and appl 3 rlng the BVench system of fenneture. A number of mall 
^uns of bronze and steel of about 8 in. ealibre have also b^ constructed. 


Table showing Weighty Dimensions^ ele., of Principal British Ordnance. 


NAME OF PIECE. 

MateilaL 

Weight 

Length. 

1 

'8 

Celibcv. 

Charge of 
Poerder. 

Roy^ Arsenal. 

• 








Wooltoich. 


Tene. 

CwLLbe. 

In. 


In. 

Lbe.Oi. 

16.6-lnch. 

Wr't iron. 

81 



824 

82 

16.6 

87 0 

12-inch, No. I.... 

U 

86 



191.76 

0 

12 


“ No. II... 

U 

26 



171.60 

9 

12 

60 0 

11-inch. 

« 

95 



170 

9 

11 

60 0 

10-inch. 

•* 

18 



170 

7 

10 

40 0 

9-inch, No. I.... 


12 



147 

6 

9 

80 0 

“ No IV... 

** 

12 



147 

6 

9 

80 0 

8-lnch. No. I.... 

** 

9 



186.60 

4 

8 

90 0 

8-lnch howitzer.. 

“ 


46 


61 

4 

8 


7-inch, No. I — 


7 



142.80 

8 

7 

i4 6 

7-inch, No. V.... 

a 

4 

io 


124.50 

8 

7 

14 0 

64-pdr., No. I. .. 

M 


64 


111.60 

8 

6.8 

8 0 

“ No. III.. 

• 


64 


111.50 

8 

6.8 

8 0 

16-pdr. 

** 


12 


74.46 

8 

8.6 

8 0 

9-pdr.,No. I.... 

U 


8 


68.60 

8 

8 

1 19 

9-pdr.,No. II... 



6 


68 

8 

8 

1 8 

9-pdr. 

Bronze. 


8 


67 

8 

8 

1 8 

7-pdr., No. 1... 

Steel. 



iib 

26.5 

8 

8 

0 6F.O. 

“ No. 11... 

Bronze. 



200 

86 

8 

8 

0 8F.Q. 

Sir William Arm¬ 









strong Ab Co. 









12-Inch, No. I.... 

Wr’t iron. 

83 



226.60 

9 

19 


“ No. II... 

t. 

85 



191.75 

9 

12 


- No. III.. 


26 



161.50 

9 

12 

60 0 

11-inch. 


25 



170 

9 

11 

60 0 

10-inch. 

U 

18 



170.76 

7 

10 

40 0 

9-inch. 


12 



147 

6 

9 

80 0 

8-lnch. 

** 

9 



186.50 

4 

8 

20 0 

7-inch, No. I.... 


7 



141.60 

8 

7 

14 0 

“ No. II.... 


6 

io 


126 

8 

7 

14 0 

64-pdr.. 

“ 


64 


111.60 

8 

6.8 

8 0 

40-pdr. 



86 


96 

8 

4.75 

7 0 

95-pdr.. 

u 


18 


94.50 

8 

4 

>.. > 

16-pdr.. 



12 


72.46 

8 

8.6 

8 0 

9-pdr., No. I_ 



8 


68.60 

8 

8 

1 19 

7-pdr., No. I.... 

SteeL 



i.^ 

20.60 

8 

8 

0 6 

“ No. II.... 



,, 

200 

88.90 

8 

8 

0 12 F. O. 

10-inch. 

Wr’t iron. 

*6 



77.26 

7 

10 


8-tnch howitzer.. 

44 


46 

•• 

61.126 

4 

8 

10 6 


rBoixcni.B. 


PaUiser. 
j Common 1 
1 shell, f 


w«i|dit 

Emptjr. 


tSt. Os. 
1700 0 


460 0 
878’is 


282 0 
167 0 


106 IS 
106 IS 
67 0 
67 9 
14 18 
8 8 
8 8 
8 8 
6 14 
6 14 


676 0 
460 0 
601 4 
an 14 
S8S 0 
167 0 
106 IS 
106 IS 
67 9 
86 6 

1418 
8 8 

' ’6 i4 

167’‘6 


Ft. per • 

1,690 


1.180,1,800 
1,816 

1,298,1«864 


1,626 

1,017 

MTO 

l',^ 

1,S34 


1,800 

im 

1,81&, 

1.864, 

1.420. 

1,418, 

1.661, 

1,625. 

l.iSS 

1.867, 

1,^ 

1.880 

67S 

955 


I 

1,180; 

1J947 

1.998 1 

ijsw ; 

1,<M 

1,458 

1,4«»| 

1,856 
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TohU ihovoing Weighty DxmenaionSy etc.y of Principal British Ordnance (continued). 


j 

NAME OF PIECE. 

Material. 

Welghk 

Length. 

i 

1 

o 

*0 

d 

r. 

CUlbte. 

Charge of 
Powder. 

p 

Nature. 

ROJECTILE 

Weight 

Euipty. 

Initial Veloc- 
lly. 

Breech-loadiyig. 


T.««. Cwl. 

Lb«. 

In. 


In. 

Lti. Ox. 


Lb«. Or. 

Ft. per »ec. 

7-lnch, No. I ... 

Wr't Iron. 

.. 82 


120 

76 


n 0 

j Common | 
j shell. J 

j.-s 0 1 

1 98 0 j 

1,165 

“ No. II... 

“ 

.. 72 

.. 

118 

76 

7 

10 0 


98 0 ' 

1,013 

40-pdr., No. I- 

4« 

.. 8.") 


lii 

56 

4.75 

5 0 

“ 

87 14 

1,1^0 

“ No. II... 


.. 82 


120 

56 ! 

, 4.75 

5 0 

“ 

87 14 


20-islr., No. I- 


.. IG 


9G 

44 

8.75j 

2 8 

(i 

20 8 1 

I'.iso 

- No. II...I 

“ 1 

.. 15 


66.125 

44 

8 . 75 ' 

2 8 


20 8 ' 


“ No. III.. 

“ i 

.. 18 


' 66.125 

44 

3.75 

2 8 


' 20 8 1 

1,606 

12 -pdr.1 

u 

.. 8 


1 72 

1 38 i 

: 8 1 

1 8 

1 

10 12 1 

1,150 

9-p<lr.1 

** 1 

6 


62 

28 1 

8 1 

1 2 

tb 1 

8 i'i . 

1,057 

S-pdr.1 


.. 8 


60.125 

82 1 

2.5 , 

0 12 

1 


1,046 

64-p<lr. 

** 1 

.. G4 


no 

70 

6.4 

9 0 

1 

60 0 i 

j 4‘)-pdr. 

1 

.. 82 


98 

56 ! 

4 . 75 ' 

5 0 


1 87 14 1 


Gatling, No. I_' 

** ! 

.. 8 


82 

7 j 

.45 

SSGr.R.F.G. 

“ ' 



1 “ No. II. . .I 


7 

86 

62.5 

7 ! 

.65 



\ \ 



Table showing Weighty DimensionSy etc.y of Germany Frcnchy and Russian Breech-loading Guns. 


KAMI OF PUCK. 

MatorkL 

Wdght. 

Langth. 

*5 f 

Calibn. 

Cbargaef 

Powdar. 

PKO. 

Natura. 

rSOTILB. 

Waight. 

Valoehy. 

Oerman Guns—Krupp. 


Tons. 

locfaca. 


lachaa. 

Lha. 


Lha. 

Fkparwe. 

80.5 centimetre. 

Steel. 

85.80 

268.7 

72 

12.00 

182 

Common shell 

565.5 

1,510 

28 c. m howltxer. 

M 

9.62 

125.9 

72 

11.02 

44 

44 

487.8 


Short 26 c. m. 

U 

17.67 

204.7 

64 

10.28 

70.4 

it 

849.8 

1,476 

Long 24 ** . 


14.88 

206.9 

82 

9.26 

62.8 

It 

260.7 

1,891 

Short 24 ** . 

u 


185.8 

82 

9.26 

62.8 

It 

260.7 

1,891 

Long 21 “ . 

u 

9.84 

1S5.8 

80 

6.24 

87.4 

It 

178.8 

1,440 

Short 21 “ . 

M 

8.84 

154.4 

80 

8.24 

87.4 

*• 

178.8 

1,440 

Long 17 ** . 

tl 

5.5 

167.8 

48 

6.77 

26.4 


100.5 

1,626 

Short 17 “ . 

u 


188. S 

48 

6.77 

26.4 


100.6 

1,626 

Long 16 ** . 

a 

8.08 

1F6.4 

43 

6.86 

17.6 


67.0 

i;626 

“ “ No. II. 

It 

8.9 

151.5 

48 

6.86 

17.6 


67.0 

1,642 

Short 15 ** . 

k 

2.9 

128.7 

86 

6.86 

17.6 

It 

67.0 

1,626 

18 e. m. 

It 

1.37 

115.1 

18 

4.78 

7.7 

It 

88.3 

1,476 



Lbe. 








9 “ . 

U 

987 

80.8 

16 

8.60 

1.8 

it 

16.1 

1,056 

8 * . 

a 

64) 

76.1 

12 

8.09 

1.1 

it 

0.4 

1,171 

6 “ . 

u 

235 

49.2 

18 

2.86 

.4 

it 

6.0 

984 

1 French, Guns. 


Tods. 








1 82 centimetre.| 

Cast iron 
and steel. 

[81.5 

824.4 


12.5 

186.6 

ii 

681.1 

1,812 

27 “ . 


’21.7 

811.8 


10.8 

62.0 

ii 

817.4 

1,878 

24 “ . 

u 

18.8 



9.4 

85.2 

ii 

220.4 

1,427 

, J;# “ . 

u 

7.9 

149.6 


7.6 

17.6 


115.1 

1,486 



Cwt, 








16 “ . 

u 

98.4 



6.4 

11.0 

ii 

69.4 

1,812 

, 14 “ . 

u 

52.8 



5.4 

8.8 

ii 

41.1 

1,509 

Siege gun of 84 0. m. 

u 

40.5 



6.0 




Russian Guns. 


Tona. 








12-iJieh.... 

SteeL 

40. 

252 

86 

12 


it 


1,898 

' 8- - . 

u 

8.7 

175 

80 

8 

U.S 

it 

171.2 

1,448 

8- ** mortar.. 

M 

8.2 

89.9 


8 


Ii 

171.2 


6- •* . 

It 

8.9 

140.0 


6 


It 

81.1 

1,597 



Lbk 







12.2-pdr. boat gun. 


792 

67.4 




It 

12.2 



Worles for Reference. —“ On the Physical Ckinditions involved in the Construction of Artillery,” 
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to them; the dispersion of concussions over large surfaces; and in vessels of war independence of 
distortion of or other injuries to the ship's side, smoothness and ease of motion in everj direction, 
and safety under all conditions of the sea. 

The duty of providing the most perfect means of working guns seems to be second only in impor¬ 
tance to that of adopting the best material, form, and construction for the gun itself. Of two simi¬ 
lar guns, that which can fire the greatest number of rounds in a given time is certainly the most 
effective, and rapidity of fire depends much more upon the gun-carriage and conveniences for load- 
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ing than upon any peculiarity attaching only to the gun. Owing to the increase in sine and power 
of ordnance since the introduction of armor, gun-carriages have gradually become elaborate machines, 
and mechanical science has produced carriages and slides which enable the heaviest guns to be easily, 
accurately, and safely work^ on the broadsides of ships. It is scarcely necessary to point out that 
in the construction of naval gun-carriages, owing to the limited space available, more engineering 
skill has been necessarily expended than in the designing of those intended for land service. 

I. Naval Cabriages. —The ordinary form of bro^side carriage used in the U. S. Navy is the Har- 

silly, which has trucks 
8779. only on the front axle. 

-When the carriage is to 

be trained, a roller hand¬ 
spike is used. This is 
simply a lever having a 
metal projection at the 
lower end, beneath which 
are stout lignum-viUe roll¬ 
ers. The metal projec¬ 
tion is inserted under the 
rear portion of the car¬ 
riage, which is then lifted 
by the lever and rests on 
the rollers, which thus 

-. ^— - -— serve as trucks. The car- 

riage is thus lifted when 

O the gun is being trained 

or when it is l^ng run 
in or out 

U. S. Kavif PivoU Carriage .—Guns which are to be fired at greater elevations than are admitted 
by the dimensions of an ordinary port are mounted upon pivot-carriages, which give an elevation of 
20'" to the gun, and a much larger arc of train than the broadside carriage. 

The Broadtide Scott Carriage. —^Fig. 8277 represents an English naval carriage of the box-girder 
description, of mixed wrought and cast iron. It is made long and low, thus remedying the rearing- 
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Naval Mission to Europe," Simpson, Washington, 1873 ; U. S. Naval Ordnance Notes—the Reffye 
Gun," 1873 ; “ Naval Ordnance and Gunnery " Cooke, New York, 1875. 

See also files of Army and Navy Scientific American^ Engineering^ Engineer^ and Jour¬ 
nals of the Royal United Service Institution. A. B. (in part). 

ORDNANCE—GUN-CARRIAGES. The requirements of gun-carriages are: powerful moving 
machinery, so contrived as to be unaffected by the concussion of firing; self-acting controlling gear, 
almost independent of human carelessness; the gradual absorption of shocks rather than reakance 
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back tendency of short and high carriages, and the consequent downward strain on the deck and 
slide. 

Vawtaaeuf^s Carriage is represented in Fig. 8278. The arrangement for checking the recoil of the 
gun consists of a steel screw square in cross-section and of 80 in. pitch, extending nearly the en¬ 
tire length of the slide. The front end of the screw has fastened to it a short conic frustum, which 
works on a wrought-iron drum so as to form a friction-clutch. 

Tureet Carriages. —^Fig. 8279 shows the arrangement of a U. S. monitor turret carriage. The 



gun is run in and out by the hand-wheel shown at the side of the carriage, operating rack-and-pinion 
mechanism. Z is the port and 8 the swinging port-stopper, f/ is a movable rod, on which the 
shell-hoisting tackle traverses. 

The HgdravXie Carriage and leading Apparatus ,—The hydraulic system of managing and loading 
guns, as applied to the turret of H. M. S. Thunderer, is represented in fig. 8280. In this carriage all 
the mechanism for absorbing and regulating the force of recoil, and for moving the gun from loading 

to firing position or back, is 



replaced by a hydraulic press, 
which acts both to check re¬ 
coil and to give motion to the 
gun-carriage on the slide. It 
is fixed on the slide in the line 
of recoil, with its piston-rod 
permanently attached to the 
carriage. To run the carriage 
in or out, it is necessary only 
to admit to one side or other 
of the piston the water deliv¬ 


ered from the steam-pumps. 

When the gun recoils, the water is driven out of the press through a loaded and partly balan(^ 
valve, the resistance of which to the passage of the water arrests the recoil, and can be quickly adjusted 
so as to regulate the extent of recoil under different conditions. The gun is made partly muzzle-load¬ 
ing by hinging the slide horizontally at the rear, the front end being free to be raised or lowered 
upon suitable chocks from the floor of the turret at the different heights required to give the desired 
range of elevation to the gun in the port. The loading is effected by turning the turret so as to 
bring the muzzle of the 


gun opposite either one 
of two distinct sets of 
loading gear placed on 
the main deck, and lock¬ 
ing it in this position by 
a catch. The gun is at 
the same time depressed, 
so that the charge may 
be raised to the muzzle 
and pushed home in the 
bore at an inclination 
from below the upper 
deck. The projectile is 
brought up to the load¬ 
ing place on a small trol¬ 
ly controlled by a fric¬ 
tion-plate, which clamps 
it to the rails whenever 



the truck-handle is low¬ 


ered. It is then run on to a hoist, which rises with it out of the main deck until arrested by stops 
placed so as to bring the hoist to rest when the projectile is in line with the bore of the gun. It is 
then pushed off the truck into the muzzle, and rammed home by a hydraulic rammer, consisting of 
a parallel tube in which runs a piston-rod armed with a rammer-head. A great advantage of this 
form of carriage is that, instead of a large gun’s crew, one man in the turret and one outside may 
direct and control all the movements of the heaviest gun, and may load and fire it without other 


Digitized by ^ooQle 

















494 


ORDNANCE—GUN-CARRIAGES. 


help than that involved in bringing up the ammunition; and far greater rapidity of fire is obtained 
than is possible with manual labor. The loading positions are duplicated, so as to give a reserve in 
case of accident, or to enable that one to be selected which may best keep the turret-port out of the 

line of the enemy’s fire. In the 
event of accident to the hydraulic 
loading gear, the gun may be load¬ 
ed from below by hand. 

The German turret carriage is rep¬ 
resented in Fig. 3281. The chase 
of the gun rests on a strong swing- 
bed 6, of forged iron, which is joint^ 
to a bolt in the side of the turret. 
When the gun is raised or lowered, 
the trunnions slide on the swing- 
bed, which turns around the joint. 
The cheeks of the carriage project 
and rest on the head of the piston 
of the hydraulic press g. Below they are fastened to arms s, which are hinged to a lower arm 
made fast to the body of the press. The pipes % communicate from the steam-engine to the press, 
which is operated by a pump not shown in the engraving. For manoeuvring the gun without the use 
of the engine, a second apparatus is provided, composed of a steel screw A;, which is turned by means 
of a ratchet and lever /. In firing, the brake operates in the following manner: The gun recoils, 
taking along with it the whole hoisting arrange¬ 
ment. In the first instant the screw moves 8284 

slightly to the rear, which causes the two fric¬ 
tion-cones to press firmly against each other; 
but this motion to the rear is stopped almost 
immediately by the cylinder /, which is bolted 
to the swing-bed 6. The screw pulled to the 
rear by the recoil of the gun causes the screw 
o and the frustum q to turn and communicate 
its motion to the drum r / but this is checked 
by the action of the friction-band, which must 
be regulated according to circumstances. A 
buffer, fi, composed of several strong disks of 
India-rubber, and fastened to the rear end of 
the screw o, serves to stop the gun, breaking 
the shock gradually in case the friction of the 
brake has not been well regulated. 

Lowering Guns. —Various systems have been 
devised by means of which the gun is lowered 
either entirely or partially below the deck, so 
that the men are in a protected position while 
engaged in loading. 

Thje Monerieff system is represented in one 
form in Fig. 3282, and is constructed on the principle of utilizing the force of the recoil to lower 
the whole gun, so that it can be loaded out of sight and out of exposure. That part of the carriage 
E which is called the elevator may be considered as a lever which has the carriage-axle at the end 
of the power-arm, and the centre of gravity of the counterweight C at the end of the weight-arm, 
there being between them a moving fulcrum. When the gun is in the firing position, the fulcrum 
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on which this lever rests is almost coincident with the centre of gravity of the counterweight C; 
and when the gun is fired the elevators roll on the platform. Consequently the fulcrum travels away 
from the end of the weight-arm toward the end of the power-arm. Thus the resistance to the recoil, 
least at first, goes on in an increasing proportion as the gun descends, and at the end of the recoil 


Digitized by ^ooQle 










ORDNANCE—GUN-CARRIAGES. 


495 



the parts are seized by a self-acting clutch, which when released after the gun is loaded allows the 
counterweight to bring the piece back to firing position. 

Moncrieff't hydro-pneumaiic ihip carriage^ Fig. 3283, is a depression carriage, in which the force of 
the recoil is utilized to compress a certain 
rolumc of air contained in a close Teasel, 
and this air is afterward employed to raise 
the gun from under cover to the firing po¬ 
sition. 

Krupp^s system of working heavy gxins^ 

Fig. 82^, is essentially one for carrying a 
gun of considerable size on board a com¬ 
paratively small vessel. The gun is trun¬ 
nion-pivoted, and is capable of being low- 
ered below the vessel’s deck for the purpose 
of stowage, or raised so as to be brought 
with its platform on the same level as the 
deck. The gun itself has no recoil, the 
shock being transmitted direct to the hull 
of the ship. The gun rotates with the 
pivot to which the carriage is attaehed, and is thereby capable of being directed to any point of the 
compass 




II. Land Carriages. — U, S. Barbette Carriage, —Fig. 8286 represents the altered barbette car¬ 
riage used in permanent fortifications for the 8-inch brccch-loading rifle. In this, in order to check 

recoil, a hydraulic buf- 

8287. fer is used, w hich con¬ 

sists of a cylinder 
closed at the ends by 
caps in which are aper¬ 
tures for the introduc¬ 
tion and removal of 
the water. 

Krupp^s Protected 
Non-recoil Gun^ Fig. 
3286.—The object of 
this device is the com¬ 
plete protection of the 
gun, except at the muz- 
z»e. The general idea 
is that the gun shall 
pivot at the muzzle in 
a ball-and-socket joint, 

fixed into the armor of a casemate, entirely closing the port and preventing recoil. Krupp claims 
that when once the gun is laid true on the object, it can be fired any number of times without recoil¬ 
ing, jumping, or otherwise changing its position or direction in the least; so that all error in shoot¬ 
ing due to inaccuracy of laying is prevented when once the right direction is secured. 

Siege-Carriage. —Fig. 8287 represents Knapp’s 1 R-centimetre 
siege-carriage, and will serve as an illustration of this particular 
type of carriage. It is made of wrought iron, with the excep¬ 
tion of the wheels, which are of w’ood with bronze nave-boxes. 
The cheeks are continued to the rear, parallel to each other, and 
joined by transoms from the trail. The elevating apparatus con¬ 


sists of a single screw with a rim-wheel handle and a female screw with projecting arms terminating 
in trunnions, which fit in journal-boxes on the sides of the trail. The striking peculiarity of this 
carriage is the application of the hydraulic buffer for checking the recoil in carriages of this kind, 
by which means the recoil is controlled within the limits of about one yard. 

Field-Carriage. —^The general construction of the U. S. army field-carriage will be understood from 
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Fig. 8288. At 1 are the foot-boards; 2, the pintle-hook; 8, the pole; 4, the prolonge; 5, the traoe- 
hooks; 6, the ammunition chest; and 7, the elevating screw. 

We are largely indebted for illustrations and descriptions embodied in the foregoing article to 
“Naval Ordnance and Gunnery,”* by Commander A. P. Cooke, U. S. N. (New York, 1876), and to 
a valuable report by Col. T. T. S. Laidley, U. S. Ordnance Corps, on European gunpowder, guncotton, 
and gun-carriages, published in “ Report of Chief of Ordnance U. S. A.” for 1877. To both of these 
works the reader is referred for detailed information, authorities, etc. 

ORDNANCE—MACHINE-GUNS. Machine-guns or mitrailleuses have for their object the throw¬ 
ing of a continuous hail of projectiles. They may be divided into two classes: the first including 



those which project small-arm bullets in great numbers, and the second those which throw shells and 
large projectiles. The first are the mitrailleuses proper; the second, revolving cannon. 

M1TR1.ILLBI78BS. —The OcUlitiff Oun ,—^This weapon, which has proved the most successful of its 
class, was invented by Dr. R. J. Gatling of Indiana in 1861. It has usually five or ten barrels, each 
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barrel having its corresponding lock. The barrels and locks revolve together; but irrespective of 
this motion, the locks have a forward and backward action. The forward motion places the car^ 
tridges in the chambers of the barrels and closes the breech at the time of each discharge, while the 
backward motion extracts the empty cartridge-cases. The gun can be fired only when the barrels 
are in motion from left to right; thus the several operations of loading, firing, and extracting are 
carried on automatically, uniformly, and continuously. The gun is fed by feed-cases which fit in a 


* By permission of John Wiley A Sons, publishers. 
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hopper oommunioating with the chambers. As soon as one case is emptied another takes its place, 
and thus oontmuous firii^ is kept up at the rate of 1,000 shots a minute. The fiTO-barrel OatUng is 
mounted on a tripod, weighs only 100 lbs., and fires at the rate of 800 shots a minute. 

A perspective view of the Gatling gun on its carriage is given in Fig. 8289. As regards the con* 
Btruotion, the shape and position of the cam and grooves may be better understood by reference t** 
the diagi^, Fig. 8290, which shows the cam-ring as it would appear if cut open and spread out fiat, 
the lines A and C bcii^ the development of the edges of the hehcoidal cam surfaces, £ that of the 
plane surface connectii^ these, and a and e the grooves for holding and drawing back the locks. 
The ten locks are shown in their relative positions abutting against the cam surfaces, six of them being 
shown in section. It will be seen that the points of the firing-pins H protrude beyond the front of 
the locks, while the other ends project from the rear, where they are fashioned into knobs, by which 
the firing-pins are drawn backward while passing through the groove in the rib D. The Vagram 
shows that the distance of the apex £ of the cam from the ends of the barrels is such that the locks 
exactly fill the space, that each lock there forms an abutment which closes the breech of its barrel 
and abuts against the apex of the cam, which serves to resist the recoil of the lock when the charge 



3201. 


3292. 


Is fired. The position of the cam relatively to the cartridge-hopper is such that each lock is drawn 
badkward to its full extent when it passes the hopper, so that the cartridges may fall into the carrier 
in front of the locks. Tbe.explosion of each cartridge takes place as its proper lock passes over the 
fiat apex of the cam which resists the recoil. The rib D restrains the firing-pin from moving for- 
ward, while the forward movement of the body of the lock continues; the spiral mainspring is com¬ 
pressed until the revolution carries the firing-pin head beyond the end of the cocking-rib, when the 
firing-pin will spring forward and strike with its point the centre of the cartridge-head and explode 
the charge. The point in the revolution at which the barrels are discharged is below and at one side 
of the axis. Fig. 8291 represents the barrels, and Fig. 8292 the frame detached. 

77ie IxmetU £attenf-Oun. —The system is composed of two distinct parts, viz.: the barrels, with 
their trunnions, and the fnune or breech containing the mechanism. The barrels, four in number, 
are mounted beWeen two supporting disks, arranged to revolve in rings. One of the peculiar features 
of thia gun is that the firing is oonmied to one barrel at a time, requiring but one lock. This barrel 
is used until heated, disabl^, or clogged, when it is rotated aside by a simple lever movement, and 
another is brought into place. 

7%e Tayior Maehine-Oun has in the gun proper a horizontal range of parallel rifle-barrels, five in 
number, securely united to each other and to a hollow breech, which contains the firing mechanism 
and supports upon its top the cartridge-hopper. A hand-crank operates a transverse shaft common 
to the firing mechanism. A full description of this gun, together with records of tests of the Lowell 
battery-gun above described, will be found in*“ Report of Chief of Ordnance U. S. A.’’ for 1878. 

Rktolvino Caknon. — The Hoichkm Revolving Cannon is a compound machine-gun, in which it 
has been sought to combine the advantage of long-range shell-fire with the rapidity of action of the 
mitrailleuse, and therefore to produce extremely powerful effects in a minimum of time. The gun 
as arranged for defense against torpedo boats is represented in the full-page engraving. It is con¬ 
structed to throw a shower of explosive shells with the rapidity of from 60 to 80 rounds per min¬ 
ute, producing as many dangerous explosions; and as each shell bursts into about 26 fragments, the 
gun furnishes from 1,800 to 2,000 fragments per minute, of sufiicient weight to kill or disable the 
enemy and to damage the material, at distances equal to the range of modem field artillery. The 
ammunition of the gun consists of a centre-fire, spirally-rolled brass cartridge-case, forming the gas- 
ciiedc in the gun, and holding the powder and the projectile, and a cast-iron shell, having a central 
btass guiding-band to take the rifling. The bursting-charge is ignited by a pcrcussion-fuse, requir- 
bngDo preparation before use. 

^Tbe revolving cannon is composed of five rifled barrels, A A, Fig. 8293, mounted between two 
diaka M on a central axis. The barrels are rotated in front of an immovable breech-block J). The 
bellow rear portion, containing the mechanism, is closed by a door through which access may be had 
to tite mechanism. The axis is revolved and controlled, as well as the mechanism for loading, firing, 
•Twl extracting the empty cartridge-case, by means of a hand-crank Fig. 8294. The mechanism 
for rotating the barrel^ and performing automatically the functions of loading, firing, and extracting, 
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is composed of the crank-shaft carrying a worm Fig. 8296, which engages in a pin-wheel /on 
the rotating axis of the barrels. The worm H is curved in a peculiar manner, partly helical and 
partly circumferential, thus imparting an intermittent rotating motion to the group of barrels, while 
the worm is rotated continuously. The combination of the mechanism is so arranged that the load¬ 
ing, firing, and extracting take place during the time the barrels remain stationary. The worm //. 
Fig. 8295, carries at the same time a cam a, shaped to a logarithmic spiral The firing-pin L bears 
against this cam, and is by the rotation retracted and allowed to fiy forward at the proper time under 
the action of the spring J/, and so strikes the primer and discharges the cartridge. 

On the interior face of the left side of the breech, a cog-wheel Fig. 8298, is mounted, with two 
horizontal racks, O and P, running in slides. The rack O, which is attached to the loading-piston 
Oi, is placed above, and the other, forming the extractor, under the cog-wheel, and parallel to Uie axis 
of the barrels; so that in moving one of these racks the other is moved by the cog-wheel in the oppo- 
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site direction. Part of the lower rack forms 
a curved slot or yoke, in which works a 
small crank Qy on the crank-shaft Q, The 
rotations of the latter consequently impart 
an alternating and opposite movement to 
the racks, so that wMle the one is ^ing 
forward the other moves back, and recipro¬ 
cally ; thus a fired cartridge-case is extract¬ 
ed, while a loaded cartridge is introduced 
into the barrel above. The introduction- 
trough, or receiver, in which the loading- 
piston works, is closed by a hinged gate R, 
Fig. 8294, which goes down by the weight 
of the cartridges, the first of which enters 
the trough, and then the loading-piston in 
moving forward raises the gate, and isolates 
the other cartridges from &e one in the act 
of being loaded into the barrel. 

The operation of the mechanism may be 
described as follows, supposing the crank 
to be in continual motion: A cartridge is placed in the introduction-trough; the loading-piston Ox 
pushes it into the barrel; then the barrels begin to revolve, and the cartridge is carried on until it 
arrives before the firing-pin which penetrates the solid part of the breech, and which has in the 
mean time been retracted by the action of the cam K; then, as soon as the cartridge has arrived in 
this position, the barrels cease to revolve, and the primer of the cartridge is struck by the firing-pin 
and discharged. Then the revolution of the barrels begins again, and the fired cartridge-shell is car¬ 




ried on until it comes to the extractor. This in the mean time has arrived up to the barrels, and 
the cartridge-head rolls into it. As soon as the head is laid hold of by the extractor, the barrels 
again cease to revolve, and during this period the cartridge-shell is withdrawn and dropped to the 
ground. As during every stoppage of the barrels the gun is supplied with a new cartridge, and the 
firing and extraction are performed during this time, a continuous but slow fire is kept up. By sup¬ 
plying the gun in this manner with single cartridges, about 80 rounds per minute may be fired. 
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The following data show the capacity, etc. of the largest size of this gun: diameter of barrel, 2.06 
in.; weight, 3,300 lbs.; weight of projectile, 56.1 oz.; bursting-charge of same, 1.95 oz.; charge of 
powder, 3.93 oz.; initial Telocity, 1,456 ft. per second ; extreme range, 7,466 yards. 

A remarkable series of experiments was conducted with the Hotchkiss revolving cannon by the 
Dutch Government at Helder in September, 1878, the object being to test the gun as a means of de¬ 
fense against torpedo attack. For this purpose a target corresponding in shape to a Thomeycroft 
torpedo-boat was built, its dimensions being—length, 75 ft. 5^ in.; width, 6 ft. lOf in.; height 
above water-line, mean, 33.4 in. The experiments may be summarized as follows, the effects of 
the hits being noted in Fig. 8296: 

Experiment 1, A.—Vessel carrying gun anchored at 1,968 ft. from target, the latter presenting a 
broadside. No. of rounds fired, 24; time, 80 seconds. Percentage of projectiles which hit, 50. 

Experiment 2, B. —Vessel anchored as before. Target placed at angle of 50'’ with line of fire. 
No. of rounds, 28; time, 90 seconds; proportion of hits to rounds, 71 i per cent. 

Experiment 3, C.—Vessel moving at 10 knots per hour, starting from point 2,624 ft. distant from 
target, which was laid at an angle of SO** with the line of fire. No. of rounds, 46; time, 2| minutes; 
proportion of hits to rounds fir^, 51 per cent. 

Experiment 4, Z>.—Same conditions. Run of 800 ft., beginning at 500 yards from target. No. 
of rounds, 20; time, 1^ minute; proportion of hits to rounds fired, 60 per cent. 

Experiment 5, E. —^Vessel moving end on to target at 10 knots, starting from point 2,444 ft. dis¬ 
tant. No. of rounds, 53; time, 3^ minutes; proportion of hits to rounds fired, 77.4 per cent. 

These trials were conducted by the commandant of naval artillery Eruys, who in his ofiScial report 
says that against these guns a daylight attack by torpedo-boats could not have the smallest chance 
of success, while the danger would be so great and useless that such an attempt would scarcely be 
made. Four such guns are absolutely necessary to protect a ship on all sides, and to secure the im¬ 
possibility of any bMt approaching without entering the zone of one or other of the guns. 
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One of the most remarkable capabilities of the revolving cannon is the mode in which it defends 
ditches or trenches. Actual experiments have determined that the angle of the cone of dispersion 
of the bullets of case or canister shot, fired from rifled guns, is determined by the pitch of the 
rifling. It has also been determined in like manner that all of the balls fly near the periphery or 
outer part of this cone. These facts indicate the inefiSciency of ordinary guns for flanking and 
similar purposes. Figs. 3297 and 3298 show, in sectional elevation and plan, the path of travel of 
the cone of dispersion of the bullets of case or canister shot fired from an ordinary cannon, from 
which it will be seen that there is a large space not at all covered by the path of travel of the balls, 
in which an enemy might pass with impunity. In order to cover the entire space between the 
l<mge8t and shortest range of such a cannon, it must be adjusted at different degrees of elevation. 
If it were possible to fire such an ordinary cannon with great rapidity, and to change its elevation 
with like expedition, the result might be accomplished; but in that case, since the cone of dispersion 
of the balls would always remain the same, no matter at what elevation it was fired, the space covered 
at short range would be comparatively ineffectually protected. With a machine-gun having two or 
more barrels automatically loaded and fired, and provided with means for changing the elevation for 
each barrel discharged, this could not only be accomplished, but would become quite effective in 
consequence of the rapidity of the firing. In Fig. 3299 is illustrated one means for changing the 
elevation of a machine-gun just before each barrel is fired. It consists in providing the disk A, 
which supports the rear ends of and turns with the barrels, with a cam-surface which rests upon 
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a fixed bearing or a friction-roll, as (7, supported by the carriage of the gun. This cam-surface, 
being properly shaped to support each barrel at a different elevation, will, as the barrels are re¬ 
volved bj the actuating crank-shaft, automatically raise them, as is apparent from an inspection of 
the drawing. 

To render a gun most effective in protecting the ditch of a fortification, the approaches thcretc^ 
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and generally for flanking purposes, constitutes one object of this invention. In carrying out this 
feature of the invention the inventor takes advantage of the fact, as demonstrated by experiments, 
that the bullets in their course of flight assume the form of a hollow cone, the angle of whose peri¬ 
phery depends upon the pitch of the rifling of the barrel, and constructs a gun having two or more 
barrels, so that the pitch of the rifling of each barrel varies in degree. With a gun thus constructed, 

since the cone of dispersion 
of the bullets from each 
barrel is of different ex¬ 
tent at different distances 
from the gun, and the tra¬ 
jectory of each cone of bul¬ 
lets will also vary, it be¬ 
comes evident that if the 
pitch of the rifling of the 
several barrels is properly 
determined any extent oi 
space within the range of 
the gun may be effectivelj 
covered. Tl^ will be readi¬ 
ly apparent from Figs. 8300 
and 3301, in which are illus¬ 
trated, in longitudinal and 
transverse sectional outline, the courses of flight and surface deposit of the balls discharged from a 
cannon having five barrels, which barrels are each provided with rifling of a different pitch. Thus 
the course of the hollow cone of bullets discharged from the first barrel, supposed to be provided 
with rifling of a quick twist, will approximate to that marked h ; the cone formed by the bullets dis¬ 
charged from the second barrel, provided with rifling of less rapid twist, will approximate to that 
marked t / the cones formed by the bullets fired from the third, fourth, and fifth barrels, each pro¬ 
vided with rifling the pitch of whose twist diminishes in a regular degree, will approximate to the 
outlines f, r, m, respectively. If, now, the transverse sections taken at the various points be indi¬ 
cated by the lines D E A TH^\i will be found that, throughout the whole extent of ground covered 
by the longest to the shortest range, there is no vertical or horizontal space that is not adequately 
covered by some one or more of the cones of balls. 

ORDNANCE, MANUFACTURE OF. Materials. —The fitness of metals for cannon depends 
chiefly on the amount of their elongation within the elastic Unfit, and the amount of pressure required 
to pr^uce this elongation; that is to say, upon their elasticity. It also depends, if the least pebble 
weight is to be combined with the greatest possible preventive against explosive bursting, upon the 
amount of elongation and the corresponding pressure beyond the elastic limit; that is to say, upon 
the ductility of the metal 

Cosf iron has the least ultimate tenacity, elasticity, and ductiUty; but it is harder than bronze or 
wrought iron, and more uniform and trustworthy than wrought iron, because it is homogeneous. The 
unequal cooUng of solid castings leaves them under initial rupturing strains; but hollow casting and 
cooling from within remedies this defect. The best American cast iron has a strength of about 
87,000 lbs. per square inch, and yields usually less than 1 per cent 

Wrought iron has the advantage of a considerable amount of elasticity, a high degree of ductility, 
and a greater ultimate tenacity than cast iron; but as large masses must be welded up from small 
pieces, this tenacity cannot be depended upon. Another serious defect of wrought iron is its softness 
and consequent yielding under pressure and friction. The average tensile strength of the best qnali> 
ties of wrought iron is about 60,000 lbs. per square Inch, or about double that of the best qualitiea 
of cast gun-iron. 

Steel. —The obvious defect of high steel for cannon is its brittleness; but if so large a mass is 
used that its elastic limit will never be exceeded, or if it is jacketed with a less extensible metal, thin 
defect is remedied or modified. Low steel is a much more suitable metal for cannon-making, as it 
possesses elasticity, tenacity, and hardness. Its tenacity averages about 90,000 lbs. per square incK. 
Whitworth’s fluid-compress^ steel, made by Sir Joseph Whitworth A Co. of Manchester, England, 
has proved of exceeding value for cannon-making. This metal is subjected, while in a liquid state, 
to a heavy pressure for the purpose of expelling air-bubbles, and is afterward reheated and ham¬ 
mered to secure uniformity and regularity of structure. A record of extended tests of this material 
will be found in the ** Report of the Chief of Ordnance U. S. A.” for 1878. The following mean 
mechanical properties were adduced: Density, 7.856; tenacity of piece, area 0.65 sq. in., 110,(KH) 
lbs.; elastic limit under pulling stress, piece 10 in. long by .84 sq. in. area, 38,500 lbs.; same under 
thrusting stress, 28,000 lbs.; hardness, 16.230; hardness of copper, 5.000. 

Bronze has a mean ultimate cohesion of al^ut 33,000 lbs. per square indi. It has greater ulti¬ 
mate tenacity than cast iron, but it has little more elasticity and less homogeneity. It has a high 
degree of ductility, but it is the softest of cannon-metals, and is injuriously affect^ by the heat of 
high charges. “Admiralty Experiments on Gun-Metals,” under Allots.) Additional strength 

has been imparted to bronze guns by condensation of the metals, as described under Dean's gun 
in Ordnance, Construction of. This gun is cast solid, bored out, and the bore is then enlarged 
by forcing mandrels of gradually increasing size through it. The effect is shown by the following 
figures: Sample of bronze not condensed-density 8.3512, tenacity 38,810 lbs.; cond^ised—density 
8.7065, tenacity 61,571 lbs. The hardness is increased nearly fivefold. 

The following table, from “ Reports of Experiments on Metals for Cannon, U. S. Ordnance De¬ 
partment, 1866,” exhibits the variations which occur in various qualities of metals: 
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Table showing M<udmum and Minimum Strength of Canntm^Mdah, 


\ - 

’ MCTALS. 

Dnutty. 

T«n«dty. 

TmuTtrM 

StmgUi. 

Comprattlvt 

Strength. 

Hardncci. | 

|c-‘ 

WimgM Iron i • 

. 

6.000 

7.400 

7.704 

7.Sft8 

7.078 

8.963 

7.729 

7.862 

9,000 
45,970 
. 38.027 
74.692 
17,698 
66,786 

6,000 

11,500 

6,500 

84,629 

174,120 

40,000 

127,720 

193944 

891,985 

4.57 1 

88.51 ’ 

10.45 
12.41 
4.67 

5 94 

. 

128,000 

28,000 


MAHrfAcruRS of Cast Guns. —Commander R. F. Bradford, U. S. N., in “ Navy Ordnance Papers/* 
Na 3, gives the following details of the method of casting a 15-inch gun at the Fort Pitt Foundry, 



Pitt sbu rg h , Pa. Two reverberatory air>fumaceg are used for melting the iron of which the gun is 
madOy the draught being produced by high chimneys instead of a blast. A circular flask, Fig. 3302, 
is ns^ consisting of five upright sections, secured together by clamps fitting over flanges A A 
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at either end of the sections. Its thickness is 1 in., and it is pierced with holes. The entire length 
of the flask is 20 ft., and it is made in Are sections, yiz.: that for the breech, BB; the cylinder, Q ; 
the trunnion-section, B ; and two upper sections, E and the latter being 8 ft longer than the 
required length of gun to admit of a sinking-head. The pattern is in five sections, slightly tapered. 
The core-barrel consists of a water-tight iron tube about 16 ft. long and three-quarters of an inch thick, 
Its exterior diameter at the head being 12 in. and tapering a quarter of an inch to facilitate withdrawing. 
It is fluted to allow of escape of gas, and is covered with hemp stuff, a moulding composition, and 
coke-wash. The pit is circular in form, and has brick walls and a sheet-iron tank at the bottom. 
After the flask is placed, the core is adjusted by the spider /S', which is of cast iron, having legs which 
are provided with adjustable screws, which in turn rest on the upper flange of the mould. When 
adjusted, it is secured by clamps H, The molten metal is led in troughs to the side gates and 
enters the mould by the branch gates hhh. As soon after the cast as possible a fire is built in the 
pit about the bottom of the flask, and kept up for four or five days. Water for cooling is conducted 
to the bottom of the core-barrel by the tube 7\ whence it ascends through the annular space between 
the tubes, and is discharged from the core-barrel at V, After an interval of 18 hours after casting, 
the core-barrel is remov^ and a continuoas stream of air is forced into the bore. The cooling occu¬ 



pies about eight or nine days for a 16-inch naval gun, which in the rough state, including sinking- 
head, etc., weighs 66,000 lbs. 

Gun-boring .—The casting is first placed in a heading-lathe. Fig. 3308, where it is prepared for 
the boring-lathe. The cascable-bearing, base of breech, and a section of the chase are all turned 
down to finished dimensions while in this lathe, as the chase and rounded part of the cascable-knob 
form the bearings for the boring-lathe. A represents the muzzle-ring with adjustable screws; R, 
the bearing in which the muzzle-ring revolves; C, the chuck or mortise into which the square |^nob 
of the cascable is inserted and secured; and D, the tools or cutters with rests. The first cut is 
usually an inch deep, commencing at the muzzle where the sinking-head is to be cut off, and extend¬ 
ing to the trunnions. After the metal is reduced to finishing diameter, the sinking-head is broken 
or wedged off, and the gun is taken to the boring-lathe, shown in Fig. 3304. This consists of a rack 
By journals A, and boring-rod A supports of which rest upon the rack, and are of such a height 
that the axes of the journals and boring-rod shall be in the same horizontal plane. In bo ring a 16- 
inch gun, the first cutter is 14 in. in diameter, and is secured on the end of the rod B. Wnen the 
bottom of the cylindrical portion of the bore is reached, the chamber is roughed out, and a reamer, 
first for the cylinder and then for the chamber, is introduced. During the boring process (except 
while reaming) the tunung of the exterior progresses. The gun is next placed in the trunnion-lathe, 
where a hollow shaft is nii^e to revolve almut the trunnion, the gun being stationary; and as the 



turning continues, the shaft moves on its rack toward the gun. The metal in excess between the 
trunnions is removed by a planing-machine, which is placed on the side opposite the trunnion-ma¬ 
chine, and is so arrang^ that the movable post in which the cutter is secui^, A, trawerses forward 
and back over the desired portion of the gun. The gun is turned the width of the cut after each 
passage of the planer. The desired curve of metal is obtained by introducing a guide-plate C, of 
proper form, in rear of the cutter-rest. The surplus metal about the rim-bases, lock, and sight-masses 
is reduced by chipping and finished by hand. The hole is then cut for the elevating screw, and the 
vent is drill^. This form of smooth-bore cast gun has been extensively used in the U. S- service, 
this mode of casting upon a core and gradually cooling from the interior having been first practised 
by Gen. Rodman, and greatly increasing the strength of the gun* The 16-inch Rodman gun, cast 
and finished upon this method, weighs 42,000 lbs. 

Manufacture of Built-up Guns. —The terms built-up and hooped are applied to those cannon in 
which the principal parts are formed separately, and then united in a peculiar manner. They arc not 
necessarily composed of more than one kind of metal, some of the most important being made of 
steel alone; and they may be made by welding or by screwing the parts together, or by shrinking or 
forcing one part over another. The object is to correct the defects of one material by uniting with 
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it opposite qualities of the same or other materials. The defects which follow the working of large 
masses of iron or steel, such as crystalline structure, false welds, cracks, etc., are avoided by first 
forming the parts of small masses of good quality, and then uniting them separately. The principal 
methods of manufacture involve either the shrinking on or the forcing on of the hoops. The difficul¬ 
ties incident to the first process are the necessity of accurately boring the hoops and the unequal 
shrinkage liable to occur in the separate pieces of metal. Hoops are forced on by hydrostatic pres¬ 
sure with much more successful results. Various methods of constructing built-up guns will be 
found detailed under the descriptions of the guns in Ordnamce, Construction or. 

Ritlino Heavy Ordnance. —The machine used for rifling guns for the British service is horizontal, 
and the gun to be rifled is placed in front of and in line with the rifling-bar, to which a stout head 
carrying the cutter is flxed. A single groove is cut at a time, each groove being first made roughly 
and afterward finely finished. The distance apart of the grooves (or width of lands) is regulated by 
a notched disk fixed to the breech of the gun, the notches being equidistant on the periphery of the 
disk, and there are as many notches as there are grooves. When one groove is cut, the gun is turned 
to the next notch, and held by a pawl. The gun remains stationary, and the cutter works up and 
down the bore; but in order to give the requir^ twist to the rifling, it is made to turn slightly as it 
moves longitudinally. The cutter is fixed in a head of gun-metal made exactly to fit the bore. It is 
fastened to a hollow iron bar, which is fixed to a saddle made to move backward and forward, but 
so arranged as not to prevent the motion of the rifling-bar upon its axis. At the other end, at right 
angles to the bar, is fixed a rack and pinion, sliding on the saddle. The outer end of this rack is 
fitt^ with two friction-rollers, which move along a straight copying-bar attached to one side of the 
machine, and which may be adjusted to any angle with it, thus regulating the twist; or a curved bar 
may be used if the gaining-twist is desired. The cutter is of steel, and attached to a bar of its own, 
passing through the rifling-bar, the outer end having a system of levers and counterweights, which 
push the cutter out while the head is emerging, and withdraw it while the head is entering. The 
movement of the cutter-shaft is r^ulated by means of another copying apparatus on the other side 
of the machine. This arrangement consists of two horizontal bars, one higher than the other. A 
pinion to which is attached a loaded lever works the slide. While the rifling-head is passing down 
the bore, this lever moves along the upper bar; but by reversing the machine, the weight feeds on 
the lower bar, drawing back the slide and spindle, and forces the tool out. The depth of groove at 
any point is regulated by varying the upper surface of the lower bars. 

Converted Guns. —A large amount of experimenting has been conducted by various nations with 
a view to convert smooth-bore cannon into rifled guns, by lining-tubes and other devices. 

Parsons’s method, one of the first proposed to the English Government, consists in introdudng 
into the bore of the cast-iron gun a rifled tube of steel Palliser’s method, which was adopted by 
the English Ordnance Committee in preference to Parsons’s, is substantially the same thing. It is 
illustrated in fig. 8305. The tube is of coiled wrought iron, the breech end being a double tube, 
and the outer envelope being shrunk on the inner lining. The double tube is of the same thickness 
as the single tube at the muzzle. The gun to be converted is bored up to an increased calibre of 
about one-third its former diameter, forming a true cylinder or slightly tapering conical form. A 
slight amount of play is permitted between the 
tube and casing, which is taken out by a setting-up 
charge expanding the P'be into the casing. The tube 
at tb« breech end is closed by a capped wrought- 
iron plug screwed into it The tube at the muz¬ 
zle end is secured by a screw-collar, and prevented 
from any motion about its axis by a screw tapped 
through the casing and into the tube. The old 
vent is closed, and a new one with copper bush passed through the breech-plug. A spiral channel 
around the outside of the tube, communicating with a small hole in the breech of the cast-iron casing, 
allows the gas to escape if the tube should split, and gives warning of such defect. This gun, though 
not considered equal to the built-up ^n, has stood severe experimental tests and given satisfactory 
results, and many English ships and forts have been armed with it 

Various methods of converting the old cast guns by simply rifling them without the introduction 
of a tube have been suggested, the difference being simply in the shape and number of grooves, and 
degree of twist. 

A series of experiments has been conducted by the Ordnance Department, U. S. A., Licut-Col. 
Silas Crispin in charge, on various systems of converting smooth-bore guns into rifles by lining them 
with tubes of wrought iron and steel. A full report of these experiments will be found in “ Report 
of Chief of Ordnance U. S. A.” for 1878. The systems tested were as follows: 

1. A cast4ron body or casing of the Rodman model was lined with a coiled wrought-iron tube 
Inserted from the muzzle, forming a 12|-inch rifle-gun. 

2. A 13 inch Rodman smooth-bore gun was bored up to a diameter of 17 in., and lined with a 
coiled wrought-iron tube inserted from the muzzle, so as to form a 10-inch muzzle-loading rifle-gun. 

3. Considerable difficulty has been found in securing perfect weldings in coiled wrought-iron tubes, 
defective welds often resulting in grave accidents in service. Experiments were therefore made 
npon a mode of construction in which a jacket is shrunk on the tube, and extends continuously with 
a uniform thickness from a point a short distance in front of the trunnions to the breech-cap of the 
inner tube, and thence, with an increased thickness, clear through the breech to its face. This 
arrangement was modified by substituting a jacket which is prolonged to the rear and adapted for the 
reception of a round-wedge fermeture. 

In Fig. 3306, C is the cast-iron casing, which consists of a lO-inch Rodman smooth-bore gun, cut 
off at the breech to a length of 123.25 in., and bored up to the requisite diameters to receive the 
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tube A with its jacket By which is inserted at the breech. The tube is made of coiled wrought iron, 
and is of equal length with the casing. It is reenforced at the breech end for a distance of 40 in. 
by a steel jacket, which is united with it by shrinkage. The breech of the jacket is prolonged 24 

in. to the rear of the easily and 
tube, and is fitted for the recep¬ 
tion of the mechanism of the 
breech fermeture. The united 
jacket and tube are inserted in 
the casing with a shrinkage of 
0.006 in. over the jacket, while 
the tube *in front 1^ a play of 
about the same amount. They 
are held in position by a thread 
a a and the muzzle-collar 5, also the shoulder e e. The breech of the casing is reenforced by the steel 
breech-band D, which is put on under a shrinkage of 0.03 in. and secured by the pin h, ^e breech 
mechanism works in a slot cut in the prolongation of the steel jacket to the rear of the casing and 
tube, and is, in all its essential features, the same as that used in the Krupp breech-loading guns of 
heavy calibre. 

The results of the experiments led to the conclusion that the system described of breech insertion is 
superior in strength to muzzle insertion; also that the facilities it introduces for the employment of 
shoulders, to prevent any accidental blowing out of the tube likely to arise from the common defect 
of imperfect welding, gives it an important advantage over muzzle insertion. It was recommended 
that in future conversions of smooth-bore guns the breech-insertion plan be employed. 

ORE-CONCENTRATORS. See Concentratino Machinebt- 

ORE-CRUSHER. See Breakers or Crushers. 

ORE-MILLS. See Mills, Gold and Silter. 

ORE-ROASTERS. See Furnaces, Metallurgical. 

ORE-STAMPS. See Stamps, Ore. 

ORGANS, PIPE. The pipe organ may be described as a combination of different musical instru¬ 
ments brought under the control of one performer, through the mechanism of keys which are played 
by the hands and feet. In this manner imitations can be produced of the trumpet, flute, violin, 
clarionet, etc.; and in addition are produced the original organ tones, such as the diapason, dulciana, 
and the like, which have no counterpart in an orchestra. The various sounds are produced through 
the medium of compressed air, which is admitted to the pipes by the opening of valves controlled by 
the keys on which the organist plays. The keys controlled by the hands are called manual keys, and 
are similar to those of a piano. They vary from one to four or five sets or banks placed one above 
the other. The keys played by the feet are called pedals, and are conveniently disposed on the fioor. 

Mdhodt of Blowing .—^The usual form of bellows which compresses and stores the air is repre¬ 
sented in Fig. SSO*^. Rotary motion is obtained by using three feeders, moved by means of a shaft, 
cranks, and balance-whcel, the fccdcr-cranks being set at equal angles. The size of the bellows 
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should be ample to sustain the supply of wind with every stop drawn (except the tremolo) in the 
following chords: Treble, E, G, C, E; bass, C, E, G, C; pedal, C, G; including also the couplers. 
The ordinary way of operating the bellows is by hand, and might be likened to pumping. In locali¬ 
ties where there is water-pressure, this labor is performed by a water-pressure engine. (See En¬ 
gines, Water-Pressure.) ^e supply of wind to the bellows is made automatic by an attachment at 
the top of the reservoir of the bellows, so that when the reservoir rises it gradually closes the valve 
that supplies water to the motor. When the reservoir is full the water is shut off and the engine 
stops; but as the reservoir falls it gradually opens the valve and allows the engine to start again. 
This is the simplest mechanical way of blowing the organ. 

Fig. 8308 represents the Schriver water-engine. A is the water-cylinder, h is the piston-rod, and 
c is the valve-rod, which works a piston slide-valve C, and directs the water to one or the other end 
of the cylinder, as required, allowing its free escape always from the opposite end. The water is 
inducted to the cylinder through the pipe D, and is allowed to fiow away through the pipe E. JM is 
a valve mounted in a suflBciently enlarged portion of the waterway forming the pipe 2>. It is coo- 
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trolled by an arm M' on its shaft m. When this Talve is turned in the proper position, it is of no 
effect. This is the position which it maintains during the main portion of each stroke; but imme¬ 
diately before the end of each stroke it is turned so as to gradually moderate and nearly stop the 
flow of the water. When the motion has 
been thus moderated, the valve C changes 
its position, and the water is directed to 
the opposite end of the cylinder. So soon 
as this change is effected, the valve M is 
again turned in a wide-open position, and 
remains so until near the end of the next 
stroke, when the operation of gradually 
closing and arresting the flow of the wa¬ 
ter is repeated. When the water-engine 
is employed to act against a reliable re¬ 
sistance, as in pumping air, the valve M 
may be turned by acting on its arm M' 
by stops adjusted on a reciprocating rod 
carried by the piston. P represents the 
rod, which is rigidly connected to the pis¬ 
ton-rod. It carries two stops, P*, /**, 
which may be adjusted by means of pinch- 
ing-screws. When the engine has nearly 
completed its stroke in the downward di¬ 
rection, the stop P* strikes the arm M' 
and turns the valve if, to check the flow. 

When it has nearly completed its mo¬ 
tion in the upward direction, the stop P* 
strikes the arm if' and turns it in the 
other direction, to stop the flow. After 
being turned in either direction, the valve 

if is reliably turned back to its open position by the action of a T-shaped piece of metal i?, which 
is pressed up by a spring and, by acting under the lever if', exerts a constant force, which returns 




the valve to its wide-open position the moment it is released from the influence of the respective 
stops P*, ^ ^ 

Wliere water cannot be obtaiiut^ a hot-air engine may be used, the “ Rider compression engine 
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having been used for the purpose. (See Engines, Air.) In this case the speed of the engine can¬ 
not be readily controlled ; therefore the reservoir or bellows when full is made to open vdves into 
the feeders themselves, allowing surplus air to escape back into the feeders, the engine always run¬ 
ning at the same speed. The supply of wind in this case remains steady. Another means of blow¬ 
ing is by the use of the steam-engine, in which case the supply of wind can be regulated where a 
double engine is used by simply cutting off the supply of steam. The consumption of fuel required 
for an air-engine of the type named is about a scuttleful for a service. The Music Hall organ in 
Boston, and the open-air organ at Newport belonging to the late Thomas Winans, are blown by 
steam-engines, 

Wind-CheiU .—^The air, after being compressed in the bellows,flows through channels to the wind- 
chests, whence it is distributed at the will of the organist among the various stops. There are sev¬ 
eral constructions of wind-chests. Fig. 3309, from Clarke’s “ Outline of the Structure of the Pipe 
Organ,” represents the usual form. The sound-board is divided by partitions A into as many cha^ 
nels B as there are keys at the manuals. At C is the table or veneer; above this are the slides i>, 
fitted with bolsters, and the top board E, At F are the valve-pallets, each valve being kept in place 
by a spring. M is the pipe-rack. 

In this construction of wind-chest, one large valve supplies many pipes, and for the ordinary con¬ 
struction of smaller organs it is found to answer all purposes. But in the construction of veij 

large instruments other means have been 
8310. required of supplying the air to the pipes. 

Fig. 3310 represents the German wind- 
chest, invent^ by Herr Walcker, builder 
of the Boston Music Hall organ. In this 
each pipe has a valve of its own. The dia^ 
gram shows a cross-section. The spaces 
A are chambers running longitudinally, 
one for each set of pipes or stop. Draw¬ 
ing on a stop simply opens a large valve 
admitting the compressed air to one of 
these chambers. B represents the small 
valves which admit the wind to the sepa¬ 
rate pipes. By depressing a key the tracker 1) is drawn forward, thereby opening the valves B. If 
there is compressed air in any of the chambers A A^ the pipes over those chambers will speak. The 
lower section E is glued fast to the partitions C; therefore no access can be had to the interior of 
the chambers except from above, by removing the upper board which necessitates the removal of 
all the pipes thereon. 

It can be seen at a glance that the mechanism necessary to control so many little valves must be 
necessarily complicated and liable to derangement from atmospheric changes, etc.; and that it is 
probable that the touch may be found to be quite heavy owing to the organist having so much mech¬ 
anism to put in operation. But there are many advantages to be gained in the musical effect of the 
organ when each pipe has its own valve. Many researches have b^n made to construct a wind-diest 
thus arranged. A device of this kind, by Mr. Hilbome L. Roosevelt of New York, is represented in 
Fig. 3311. This wind-chest resembles Walcker’s in having the air-chambers A running longitudinally, 
but the valves are differently placed, as 
shown. The object in this construction 
is to substitute compressed air for the 
mechanism used by Walcker, thereby 
gaining lightness of touch, accessibility 
to the valves from below by simply re¬ 
moving the bottom boards J9, non-lia¬ 
bility to derangement from atmospheric 
changes, no parts to be regulated, and 
no buttons to slip; the positive motion 
of the bellows thus insuring a full sup¬ 
ply of wind to the pipes. The opera¬ 
tion of this sound-board may be briefly 
described as follows: Depressing the 
key pulls the tracker C, thereby open¬ 
ing the valves D, allowing the com¬ 
pressed air to escape from the groove 
JS, the effect of which is to exhaust the small bellows E^ thereby opening the valves F. These Bmall 
bellows are placed directly opposite the valves, and have about twice the area of surface that the 
valves have, and are therefore strong enough to overcome the pressure on the valve and spring f?. 

Key Action .—There are various ways of constructing the keys to the valves, which it is not neoe^ 
sary here to describe. In some organs the pressure needed to sound one key with full organ and all 
the couplers drawn is about 6 lbs., which of course makes it very difficult to play. To obviate tbia 
trouble, Mr. Barker invented what is known as the pneumatic levcr^ the first application of which 
was made by him on the organ in the Church of Notre Dame at Bordeaux, built by Cavaille-Col In 
1844. The pneumatic lever has for its object not only to lighten the touch of the manual to which 
it is attached, but also to operate the couplers, so that when the organist couples one manual to an¬ 
other the touch is not increased, all the work being done by the lever. It may be briefly de¬ 
scribed ns follows : It consists of a set of small bellows, one for each key, each being about 12 in. 




long and 3 in. wide. In each bellows is a small valve which wiff allr < mpressed air instantly to 
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enter when the yalve is opened. When the organist presses a key, he opens this valve and closes 
another valve which is on the outside of the bellows. The latter then becomes inflated, and remains 
so until the key is released, when the valve on the outside is opened and the air is allowed to escape. 
Suitable mechanism is attached to the top of the bellows, and from thence to the valves and couplers. 
The inflating of the small bellows pulls open the large valves in the organ and operates the couplers 
also. The time occupied in inflating the bellows is not found to be long enough to cause any ap> 
preciable retardation in the speaking of the pipes. There are several other devices for lightening 
the touch of the organ; among others the electric action, which however is not necessary where' the 
keys of the organ are located near the other mechanical parts. 

The Eledrie Action devised by Mr. Hilbome L. Roosevelt is represented in Figs. 3812 and 8812 a. 

Fig. 8312, is the wind-case in which the bellows compresses the air, and C is the valve to be 
opened, over which the pipe to be sounded is placed. This valve is attached to a kind of small 
bellows D, the top surface of which is a little larger than the valve C, while the interior of this bel¬ 
lows connects by the channel O with the compressed air in the wind-chest A, The arrows around 
the small valve E indicate the course of the wind when entering this inner space G D. When the 
valve E is closed by pressing it downward, this communication of air between A and G DU inter¬ 
rupted, while at the same time another valve under E^ and attached to the same stem, opens and gives 
exit to the air in G and 2>. The upward pressure in the small bellows D being removed, the con¬ 
densed air in A presses it down, w^e the stem connecting it with the valve C pulls this down, the 
greater surface of D making the downward pressure greater than the upward pressure on C. In¬ 
stead of thus connecting the key to the large valve C, it is connected to the rod passing through the 


8812. 
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two valves E; notwithstanding this apparently roundabout way, the motion of the valves is so rapid 
as to respond to the utmost velocity of execution of the organist. In regard to the pipes operated 
by the application of electricity, all that is required is to connect the rod passing through the valves 
E with the armature of an electro-magnet and to cause the touch of the key on the key-board to 
close the electric current and charge this magnet, when at once the armature will be attracted, pull 
the rod, and shift the valves E^ when the air mG D will escape, the bellows D collapse, the large 
valve C open, and the pipe standing over it sound. When the finger leaves the key, the electric 
contact is interrupted, the spring lifts the armature of the electro-magnet this opens the upper 
valve admits the pressure of air in & D, raises the top of the bellows, and this at once shuts 
the valve C and stops the tone; all this occurs so rapidly that the time elapsing is imperceptible 
for all practical musical purposes. 

The application of electricity to governing the stops is represented in Fig. 8312 a. /is one of the 
stop-handles. The small bellows B is locat^ outside of the chamber, but communicates with it by 
the passage C, in which is a double valve D. When the upper part of valve D is raised and its 
lower part closed, there is a free passage for the air to pass from the wind-chest into the bellows; 
when the valve is lowered, as represented, there is a clear passage from the bellows to the outside 
air. The stem of valve D is connected with an electro-magnet E^ arranged as previously described. 
There is, besides, another magnet at F^ which controls a moving armature G^ one end of which 
forms a latch and engages with the armature of magnet E. On the top of the bellows are two pairs 
of springs, one pair H being in control only when the bellows is down, the other /being in like con¬ 
dition only when the bellows is inflated. On the lower side of /, the stop in the organ, is a switch 
which comes in contact with one dr the other of the metal plates K and Z, according as the stop is 
poshed in or drawn out. The lead of the circuits is first from plate K to magnet E^ thence to the 
upper spring of pair /, and from the lowersp^ing of the same pair to the battery; the second circuit 
passes from plate L to magnet F\X) the lowet spring of pair Hy and from the upper spring of the 
same pair to the battery. The object is to move the bellows, and this last moves a series of switches 
oscillating on a horizontal axis so as to establish connection in 68 key-circuits at once. When the 
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stop is pushed in as shown, there is obriously no connection with the battery, because of the pair of 
springs I being separated. Supposing, however, the stop to be drawn out, then the switch on its 
lower side comes in contact with plate X, the current passes and excites the magnet which 
draws back its armature (?, and so releases the armature of magnet the current of course con¬ 
tinuing through the pair of springs and so to the battery; but the effect of releasing the arma¬ 
ture of magnet is to raise the valve i>, so that, as before stated, the air from the wind-chest is 
allowed to pass through the passage and into the bellows; the latter then rises, throwing over the 
68 switches, and so establishing the connection of the keys. But as this rising continues, the springs 
H separate, and the circuit is thus broken; at the same time the pair of springs / come in contact. 
The bellows remain however inflated, because the position of valve D remains unchanged, no circuit 
being complete through the springs / and magnet E until the stop pushed in establishes connection 
with plate K; consequently the tallows will stand full and thus push the switches into action as long 
as the stop b^ide the key-board is drawn out When that stop is pushed in, the circuit closes, mag¬ 
net E is excited, and valve D drawn down, cutting off any further supply of air to the bellows, and 
opening an escape for its contents. As valve D ialls^ the catch on armature Q slips over the arma¬ 
ture of magnet E^ and as the bellows descends springs I once more separate, and thus the parts are 
again brought to the condition as before. 

Mr. Roosevelt has made numerous applications of this action to church organs, and has been en¬ 
abled by its aid to produce 
many novel and striking 
effects. The large engrav- 
ing, Fig. 8313, represents 
the chancel, gdlery, and 
echo organs. The chancel 
organ is placed in a cham¬ 
ber built for the purpose, 
at the angle form^ by the 
east wall of the south tran¬ 
sept and the chancel wall. 

T^ gallery organ stands 
at the west end of the 
church, over the main en¬ 
trance. The echo organ is 
situated in the roof, over 
the intersection of the nave 
and transept. These or¬ 
gans are connected, by 
means of electric action, 
with the key-boards in the 
chancel, and are thus un¬ 
der the complete control 
of one performer. A dis¬ 
tance of 150 ft. separates 
these sections from each 
other, and over 20 miles 
of electric wire have been . 
used to connect them. The ^ 
sound-boards are construct¬ 
ed on the exhaust princi¬ 
ple, with certain mi^ifica- 
tkms and improvements, 
by means of which the 
keys communicate directly 
with the pipes, the touch 
being thus rendered easy and at the same time prompt. The same principle governs the draw-stop 
action, slender trackers serving the purpose of the former heavy rods. The stop action and other 
accessories connecting with the gallery, though apparently not different from those of the chancel 
organ, are electric, llie composition pedals are so made that the organist may, at option, arrange one 
or all of them for any set of changes or combinations, from one stop to the full power of the organ. 
They are double-acting, and operate without affecting the draw-stop combinations made previously. 

Organ Pipn are constructed as shown in Figs. 3314 to 3317, which represent the pipes used in the 
flue-stops, in which a column of air vibrates. A represents the body of the pipe; 6, the foot for con¬ 
veying the air; c, the mouth of the pipe; cf, the lower lip ; the upper lip; /, the flue, or air-passage; 

the languette, dividing the body of the pipe from the foot; A, the toe, or entrance of the wind ; 
t, the ears for steadying the wind ; and j, the tuner. In the section of a wood pipe the difference is 
represented thus (Figs. 3316 and 3317): if, the block ; /, the cap ; m, the tuner; n, exterior bevel; 
and o, inverted mouth. 

Re^ pipes are of two kinds, the impinging or striking reed, and the free reed. With the imping¬ 
ing reed the air causes the tongue to vibrate on the flat surface of the eschallott, through which is 
the opening to the body. The vibrating portion of the tongue is lengthened or shortened, and thus 
made to vibrate slower or faster, acceding to the desired pitch, by raising or lowering the tuning 
spring. With the free reed, the tongue does not strike, but is carefully fitted so that it vibrates in 
the opening on the face of the eschallott Reed stops produce imitations of the clarionet, oboe. 
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The diameter of a pipe affects the quality of tone, as does also the height of its mouth. The length 
of the pipe is doubled for every 13 pipes, giving 13 chromatic tones as in the complete octave. The 
diameter is doubled every 17 pipes. The pipes vary in length from 32 ft. to three-fourths of an inch. 
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Giring a proper tone to these different pipes is called ** Toicing,’* and herein lies the great art of 
oigan-building, as few men can be found with sufficiently delicate ear and musical feeling to give the 
proper character to the different stops. The general shape and length of the pipe, of course, are 
determined mathematically; but this will not insure necessarily the proper speech and character of 
tone. It is comparatively easy to make a noisy effect with the stops, but to impart the proper char¬ 
acter to each pipe, so that when it is played with a full organ there will be a perfect blending of 
tone, and when it is played separately each stop shall have a character of its own, is a most difficult 
problem, only to be accomplished by skilled and experienced organ-builders. 

The general arrangement of the various portions of a large organ is represented in Fig. 8318, which 
exhibits the grand organ of the new St. Patrick's Cathedral in New York, designed and built by 
Messrs. Jardine & Son. A is the great-organ wind-chest, B is the sound-board, and C the registers 
or sliders. There are four ranks of keys, connected severally with the different parts of the instru¬ 
ment. Thus the lower range operates the choir or soft organ, the pipes of which are of sweet in¬ 
tonation, and are voiced more delicately, with less wind-pressure, than those of the others. The 
next rank above controls the great organ. These pipes are of large diameter, and have a rich power¬ 
ful tone. The swell organ is govern^ by the keys of the third rank. The pipes in this are full- 
toned, and are inclosed in a swell-box, the vertical shades or shutters of which impede the emission 
of the sound, and are governed by a balanced pedal. The fourth rank of keys governs the solo 
organ. In this are pla(^ the trumpet, double trumpet, and other brilliant-sounding pipes, operated 
by heavy wind-pressure. By means of the couplers all four of these subordinate organs can be 
united. Besides the organs operated by the keys, there is the pedal organ, the large pipes of which 
are shown on the right, and which is governed by the feet of the performer. 

Larpe Organs ,—The largest organ in the world is in Albert Hall, London, and was built by Henry 
Willis in 1870. It contains 138 stops, 4 manuals, and nearly 10,000 pipes, all of which are of 
metal. The wind is supplied by steam-power. Thirteen couplers connect or disconnect the various 
subdivisions of the organ, at the will of the performer. The organ at St. George^s Hall, Liverpool, 
also built by Mr. WilUs, has 100 stops and 4 manuals. That of St. Sulpice in Paris is of the same 
magnitude, and has 5,000 pipes. The largest organ in the United States is in the Music Hall, Bos¬ 
ton, and was built by Walcker of Ludwigsburg, Germany. It has 4 manuals, 89 stops, and 4,000 
pipes. G. H. B. 

ORGANS, REED. The reed organ belongs to that class of musical instruments in which the tones 
are produced by vibrations imparted to a b^y of air in a tube, throat, or chamber by means of the 
pulsations of a thin lamina or tongue of wood or metal, having one end fixed and the other lying 
over or within an aperture, and actuated by forcibly directing through this a current of air. This 
lamina is termed a reed. There are two forms of reed. In the first, seen in the clarionet, the reed 
is larger than the opening through which the air is to pass, and in pulsating alternately closes and 
opens it, beating against its margins. This form is known as the beating reed. In the second, 
seen in the accordion and modem reed organ, the dimensions of the reed are slightly less than 
those of the aperture, so that, in pulsating in consequence of an impulse and of its own elasticity, 
it moves within the current of air only, alternately allowing and interrupting its passage; it is 
hence termed the free reed. 

The reed organs, or as they are more commonly termed cabinet organs, made in the United States, 
are with few exceptions in their essential features strictly of American origination. They differ 
from European instruments known as ** harmoniums ” in several particulars, nearly all of which 
however are subordinate to two leading ones, which are: 1, the kind of bellows employed to force 
lur through the reeds; and 2, the meth^ of voicing the reeds. 

Thi Bellows. —Up to about the year 1846, when the suction or exhaust bellows was devised, the 



blowing or pressure bellows had been the only form in use. The peculiar features of these two 
types of bellows are represented in Figs. 8319 and 8320. A represents one of the feeders, B the 
bi^thing-holes shown in dotted lines, C the feeder-valve, J) the feeder-spring, JS the reservoir, F 
the reservoir-spring, O the intermediate valve, H the reeds, / the reed-valves, and J the keys of the 
instrument. Tlie parts are shown in nearly a normal position, the slight deviation therefrom being 
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simply to make them more clearly Tisible. It will be observed that in Fig. 8820, which represents 
a harmonium, the normal position of the feeder B is open or distended, and the reservoir closed or 
contracted, while the reverse-is the case in Fig. 8319, which is a cabinet organ. In Fig. 8820 the 
spring D and the valve C are inside the feeder; the spring F is outside the reservoir, so as to press 
it upward ; the valve O is inside the wind-chest, arran^ to open upward, and to close at the proper 
time to prevent the return of the air to the feeder; and the re^s H are also inside the wind- 
chest. In Fig. 3319 these features are also all represented as reversed. In the harmonium, fig. 
3320, the air is breathed from the lower body of the case, through the holes 6, and is blown or foro^ 
upward and into the wind-chest and reservoir, and thence through the reeds to the top of the 
instrument. In the cabinet organ, fig. 8319, the air is drawn or sucked through the re^ from 
the wind-chest and reservoir, and escapes at holes h to the lower body of the case. The distentkm 
of the reservoir of the harmonium is caused by the air being forced or pumped into it, and ita con¬ 
traction by the spring F, The distention of the reservoir of a cabinet organ is caused by the 
spring F^ and its contraction by the air being drawn or pumped out of it. The power of the har¬ 
monium reservoir is greatest when it is distended to its fullest. The power of the reservoir of a 
cabinet organ is greatest when it is fully contracted. 

Figs. 8319 and 8320, while differing in principle, are both represented as horizontal and of the same 
form, for convenience of comparison, fig. 3321 represents in elevation the exhaust bellows and 
other parts now in common use. It is the same in principle as Fig. 3319, and differs from it only in 
form or the arrangement of the parts. Fig. 3322 is a front elevation of part of Fig. 3321. 

BdUnoi Mechamtm ,—The mechanism used for operating the bellows in the Mason k Hamlin, 
the Estey, and other well-known organs, is illustrate in Figs. 8321 to 3824. if is a strip of girth¬ 
webbing, one end of which is fastened to the feeder B^ as shown in section in Fig. 8323. It passes 
through an opening in the support-bar L, and rests on the roller if, and is attached by its other end 


8823. 8828. 8884. 



to the pedal N, The manner of the operation is obvious. The objection raised to this method ia 
that the straps wear out, but that is claimed not to be the case when they are made of good flaxen 
stock. In the Peloubet k Pelton organ illustrated farther on, this webbing is done away with, and 
the bellows is moved by rods connecting with the treadles. 

Reeds. —fig. 3325 represents a reed formed and voiced according to the modem system. The 
essential conditions of a properly full-voiced reed are: 1. The tongue must be of a thickness con¬ 
sistent with promptness of speech. 2. It must be evenly filed, and so that when bent up by 
the finger it will have an even graceful bend, as in Fig. 8826. Fig. 8327 represents an unev^ily 
filed reed. 3. The bend should start from about two-thirds of the distance from point to he^ 
(Qy FIq* 3328). 4. The bend and twist forming the curve of the tongue should bear such relation 
to each other as will provide that the under face of the tongue at the highest point of the bend R 
on the right (the back of the figure) and the imder face of the tongue at the point 8 on the left will 
both, on being depressed, be level with the upper face of the block at the same time. Partial voicing 
by a ** short bend,” as in Fig. 3329, is easier done, because, if there should be any slight imperfec¬ 
tion in the shape, there is enough of the tongue left “ straight ” to secure passable promptness of 
speech. 6. The tongue should ^ about twice as thick at the butt as at the centre. Fig. 3325 fairly 
represents the required proportions. 6. The tongue of the reed must be firmly fastened to the block. 
In Needham’s reed the tongue is secured by two brass rivets forced in and upset at the same time. 
In the Munroe reed no rivets are used, the metal being struck up and compres^ around the base of 
the tongue, as described further on. In the Mason k Hamlin organ the sides of the block are made 
in the shape of a V, as in Fig. 3330, the advantage claimed being that the block will conform easily 
to any ordinary inaccuracy in the tube-grooves, and be securely gripped by the wood. Other makers 
prefer a square-sided blo^, which has the advantage of always resting in the groove firmly, despite 
changes in form of the cell. 

The Munroe Organ Reed .—The main difference in the construction between the reed manufactured 
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by the Monroe Organ Reed Company, of Worcester, Mass., and other reeds, lies in the method of 
sealing the tongue or yibrator to its seat on the block. This will be understood from Fie. 3331, in 
which the principal stages of the manufacture of a reed are represented. A is the blank, cut out 
of brass and haTing its edges nicely planed. In this is formed the indentation shown in B, and 


333\ 






through the latter the throat-opening is cut, as exhibited at C. Turning the reed over, the next step 
is to cut the notch or beyel represented on the left of the throat in J). At E are shown two projec¬ 
tions raised on the body of the reed, and in the inner edges of these a groove is planed into which 
the tongue is fitted. By means of a press a thin edge of metal is first brought down over the tongue, 

as shown at so as firmly to clamp it in place, and 
then the final pressure squeezes the remaining metal of 
the projections firmly against the sides of the tongue, 
closing all parts down upon the bed. Tests of the tight¬ 
ness of this joint have been made by inserting reeds in 
a solution of aniline in alcohol, and noting whether any 
of the colored fluid penetrated between tongue and bed. In most cases none was found, and in 
others a very slight amount, thus proving that the joint is exceedingly firm and not liable to yield 
under continued vibration of the tongue. 

T7t£ Needham Reed^ manufactured by Mr. E. P. Needham of New York, is represented in Fig. 3332. 
In this the tongue is secured by pro- 
jections, which might easily be mis- 
taken for rivets, but which are struck 
up through the metal of the bed. 

Suitable apertures are made in the 
base of the tongue, so that the lat¬ 
ter fits over the projections, which 
are then pressed down or expanded, 
thus holding the tongue in place. 

Figs. 8333 and 3334 represent plan 
and sectional views of the sound¬ 
board and tubes used in the Need¬ 
ham organ. The shape of the tubes 
or chambers is clearly shown in Fig. 

3334. A peculiarity of this board is 
that the grain of the wood all runs 
tbe same way; and in this respect it 
differs from boards of other makers, 
in which the grain of the piece above 
the tubes runs at right angles to that 
of the board below. 

The Magon <t Hamlin Reed, rep¬ 
resented in Fig. 3326, has its tongue 
secured by one iron rivet if the reed 
be small 

Tubes. —^The first requisite of a 
tube. Fig. 8335, is that its mouth 
shall be at least large enough to ad¬ 
mit all the air the reed inserted in it is capable of carrying. This condition being provided, the 
tube for the lowest bass note, F, may be half as long again as the tongue of the reed. In common 
practice the tube for lowest F is not more than about a quarter of an inch longer than the tongue. 

93 
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Stops and Action. —^Fig. 8386 represents in sectional elevation a part of one end of a Mason k 
Hamlin cabinet organ, with stop mechanism and reed-valves mounted thereon. Fig. 8837 is a seo- 
tional elevation representing auxiliaij mutes. Fig. 8388 is a front elevation showing the manner in 
which the stop-valve is mounted, if represents the wind-chest, I the reed-valves, T the stop-valves, 
V (Fig. 88861 the swell-cap with the swell-lids W attached to it, X the stop-lever, h' the transverse 
roller-lever, c the roller-board (the board on which the transverse levers are mounted), a' the name- 
board, a and b the stop-draws, and R the tube-board. Fig. 8339 also represents some of these parts. 
The inner end of the stop-valve T is attached to the face of the tube-board 7? by a small butt- 
hinge c. One half of a similar hinge d is fastened to the tube-board near its outer end; the stop- 
valve T is attached to this half hinge d by the bent wire e. A connection is made between this bent 
wire e and the stop-lever X by the link or toggle y. On the upper side of the stop-lever X is 
mounted a brass incline g. The transverse lever h' consists of a rod of wood, having at each end an 
arm, one of which connects with the stop-draw a or 6, while the other engages with the incline g. Pins 
are driven into both ends of the transverse lever-rod, which form pivots upon which to rotate in the 



blocks x\ The stops represented in the figures are dupficates of each other. One of them is drawn, 
or out, and is represented as being connected with the valve P at the back of the tube-board R. 

After the closest fit possible in the ordinary processes of manufacture, and consistent with the 
free action of the stop-valve, has been made, more or less air will rush into the tubes, and, without 
some auxiliary provision, will cause the reeds to “ whistle.” The tongues of high-pitched reeds, be¬ 
ginning about second F above middle C, are necessarily so closely fitted to the blocks that, in the 
relation between the two, a kind of accidental ** languid ” will form which, as the air passes through 
it, produces the disagreeable effect named. There are in cabinet organs, substantially, only two 
methods for overcoming this difficulty. One of these is to “ bleed ” the tube, by making a bole or 
air-passage beyond the reed, and from the tube into the valve-chamber, as in Fig. 8838. This hole 
is large enough to carry all the air that under any ordinary conditions might rush into the tube, so 
that the reed is perfectly muted. This method under ordinary pressure is effective and cheap. An¬ 
other method, which effectually mutes the reeds without leak-holes, is represented in Fig. 8837. / 
represents one of a series of levers hinged at one end by a leather strip, and held down by a spring. 
Flexibly suspended from its centre is a peg /'. When the stop-valve is closed, this peg rests on the 
reed; when it is open, the peg is away from the reed. 
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8844. 


8348. The means for controlling 

B the passage of air from the 

reeds consist of the valves 
I. As these, in all ordinary 
instruments, are mounted in¬ 
side the wind-chest, they are 
dillicult to reach ; hence it 
is important that they should 
be strongly constructed and 
self - adjusting. Figs. 3339 
and 3340 represent, in ele¬ 
vation and plan views, a 
valve which is used in the 
Mason A Hamlin organ. 

'Jlie Kstcy Organ. —The 
construction of the cabinet 
organ manufactured by the 
Messrs. J. Estey A: Co., of 
lirattleboro, V:., is repre¬ 
sented in section in Fig. 
3341. Tlie letters refer to 
tlic follow ing parts: case; 

A \ lid to key board; bel¬ 
lows - reservoir ; 6, escape- 
valve; //, receiver-spring; 

treadle; </, tape connect¬ 
ing D with C; wind- 
chest ; a, reed-socket; r r, 
reeds; f, dampers; a, swells; 

octave-coupler levers; A, tracker-pin; .F, key; O', name-board; 7, stop-knob; i, stop-rod; J, lever 
and link for raising swells; AT, slide for opening dampers; n, grand-organ roll; vox humana 
tremolo ; f, float - wheel of 
tremolo; /, fan ; m, music- 
support ; 7/, lamp-stool; 8^ 
knee-swell lever. 

llie Fdouhet <£' Felton Or^ 
gan. —This organ, manufac¬ 
tured by Messrs. Peloubet, 

Pclton & Co., of New York, 
is illustrated in the full-page 
engraving. Fig. 3342, and in 
Figs. 3343 to 3346, which are drawn to perspective in order more clearly to exhibit the general mode 
of putting together an organ of this class. The reader will easily perceive the points of difference 

between this instrument and 
r that of Messrs. Mason & Ham¬ 

lin, which served as a model 
for the explanation of the 
essential features of all reed 
organs. 

Fig. 3342 represents the 
organ in its case, and Fig. 
8343 shows it removed. The 
left-hand blowing pedal of 
the bellows is down, and its 
corresponding pumping valve is drawn forward by the connecting-rod. This rod gives a direct action, 
and is peculiar to this form of organ, taking the place of the roller and strap used in others. The 
pumping valve is returned to 
its place by its spring, the loose 
end of which is fastened to the 
front panel of the case. Tlie 
effect of the pumping valves, 
when operated by the feet, is 
to exhaust the bellows, upon 
which the required pressure is 
p^'oduced by the spring and its 
mate at the right. At the right 
and left of the front are seen 
the ends A of the mutes belong¬ 
ing to two full registers of reeds. 

On the top, back of the keys, is 
the stop-board J9, with its knobs in front. It is made wide so as to afford a firm bearing for the 
levers seen in Fig. 3344, which shows the stop-board in reverse. These levers are carefully finished, 
have washers at their centres, and have their ends covered with rubber tubing to prevent noise. 
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Their ends fall into the forks of the upright forked levers (7, Figs. 8843 and 8346, the effect of all 
which is to give a direct motion to the forked levers with their connections that open the mutes Ay 
while at the same time each mute is left free to be operated separately or in combination with others. 
The sub-bass is peculiar to this organ both in its position and the manner in which it is built up. 
Its register of reeds is placed imder the action. Each reed has its heel to the front of the case, so 
that it can be drawn out under the plinth. Reeds of large size, producing tones of 16 ft. pitch, are 
placed in very deep cells which affoM room for vibration. These cells, with the levers operating the 
pallets of this set of reeds, are shown in Fig. 8346. The levers are drawn together in front to bring 
them under an octave of the key-board G. II. B. 

ORGANZINE. See Silk-spinning Machinert. 

OVEN. See Bread and Biscuit Machinery. 


PADDLE-WHEELS * are circular frames carrying floats, buckets, or paddles, so arranged as to 
propel a vessel by their action upon the water. The commonest form of paddle-wheel is represented 
in ^g. 8347. It consists of two centres and two sets of 
concentric wrought-iron rings, which are joined to the cen¬ 
tres by a number of radial arms. These two sets are placed 
at a ^cd distance apart on the shaft, and the buckets or 
floats are attached to the arms near their outer ends, thus 
connecting the rings. Stays are also run across between 
the arms, so as to give the whole structure greater firm¬ 
ness. When such a wheel revolves, the floats strike the 
water and tend to push it back; but the water resists such 
an action on account of its inertia, and therefore the ves- 
sd to which the wheel is attached must move forward. 

Figs. 8348, 8349, and 3350 represent the usual methods 
of attaching the arms of paddle-wheels to the centres. In 
Fig. 3348, the centre consists of a cast-iron plate, to which 
the arms arc bolted in sockets cast therein for the purpose 
of preventing lateral motion. Fig. 3849 shows a method 
of inserting the arms in a mortised plate and securing 
them by keys. In Fig. 3350 the ends of the arms are so 
shaped as to fit together at the centre, and are riveted to 
a plate of boiler iron. Fig. 3351 represents the usual 

mcidc of securing the arms to the inner ring. A lug is welded on each side of the arm, and through 
these lugs the arm is riveted to the ring. 

The floats for radial paddle-wheels are usually made of pine or elm, 2| to 3 in. thick. White oak 
and l-inch boiler iron are also used. After the floats have been attached and the wheel is worked, 
it is necessary to examine the screws or bolts occasionally, and to draw them up tight, as they arc 
liable to work loose after a while, and then there is danger of the floats being washed off the wheel. 
The floats are frequently attached by means of hook-bolts, so as to enable the engineer to adjust the 
depth to which they dip in the water, as a part of the float may drag if not immersed to the right 
depth; and also a shifting or reefing of the floats may give a better result. 

Dig^aging PaddU-Wheds ,—It is frequently desirable to be able to disconnect one or both 
paddle-wheels from their shaft, so that they may revolve loosely. Figs. 3352 and 8853 represent a 


8847. 




device for this purpose. A is the paddle-shaft; By a cast-iron disk keyed thereon; C, a wrought- 
iron strap surrounding the disk, lin^ with brass; D, a brass cushion with a tightening key for pro¬ 
ducing friction by bringing the cushion in contact with the disk; Fy the brass lining of the wrought- 
iron strap, excepting that portion covered by the cushion; f fy screws by which the lining is held to 
the strap. A few blows of a hammer on the key B serve to connect or disconnect the shaft. 

Feathering Paddle^ Wheels .—There is a loss of useful effect attending the nse of any of the kinds 
of paddle-wheels described above. This loss arises from the fact that the floats or buckets strike 
the water obliquely, and therefore do not apply all the power in propelling the vessel, but use up a 
portkm of the same in lifting the vessel when the wheel enters the water, and lose another portion 


* Prepared by A. Borge, Jr., M. £., under Bupervlaion of Bichard H. BueL 
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in raising some of the water when leaying it, and creating a swell. Frequent attempts have been 
made to obviate this difficulty by making the buckets enter the water edgewise, travel through the 
water in a vertical position while immersed, and leave it edgewise again. To do this, the buckets 
must assume different positions with regard to the wheel wliile revolving, and this action has been 



called feathering. Numerous arrangements have been proposed and tried in order to effect this pur¬ 
pose, many of wdiich failed on account of the complication of the parts and their liability to get out 
of order. We here illustrate a feathering paddle-wheel which has been in successful operation since 
May, 1877. 

Figs. 3354 and 3355 are a side view and section of the feathering paddle-wheel of the steamer 
Accomac, of the Old Dominion Steamship (’ompany, built at the Morgan Iron Works, New York. It 
has two sets of rings of 3 x |-inch iron. The largest diameter of the outside rings is 16 ft. 6 in., of 
the inner rings 9 ft. 10 in.; clear width between rings, 3 ft. 11:^ in. Two cast-iron centres B \ 
ft. 6 in. diameter and 10 in. bore, have bearings on shaft A of in. length each, and are spaced 
18^ in. apart in the clear. The rings and centres are joined by two sets of arms C (10 in each set), 
which are riveted inside the rings and on the outside of the centres in recesses cored out for th^t 
purpose, as shown in the views. They are 4^ in. wide and ^ in. thick. The two sets of arms are 
connected and stayed by means of bent flat iron bars | in. thick and 34 in. wide, riveted to the arms 
inside the inner ring, and also to the inner surface of the centres B B Ki recesses cast on for that 


a354. 3355. 



purpose. The centres have two wrought-iron hoops of H x IJ-in. iron shrunk around each. There 
are 10 buckets,«//, 30 in. deep by 6 ft. 6 in. wide, which are fastened to the arras by of 

brackets H, having bearings for the trunnions to turn in. thus holding the buckets, which swing 
around these trunnions in their relative positions while allowing them to turn or feather. The 
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buckets are attached to the trunnions by the cranks which in their turn connect with the eccentric 
£ through the eccentric-rods (1} in. diameter), which can oscillate aroimd pins in and also 
around pins connecting them with the cranks. F' only cannot oscillate in E^ and this gives the 
eccentric a positive motion. The last-named rod is made of l^in. flat iron, and tapers from 4| to 
2| in., being keyed into the eccentric. The eccentric E is placed upon a fixed pin, which is attached 
to the frame of the paddle-wheel box by means of a casting shown in the section. The trunnions of 
the buckets are 6 ft. 7 in. from the centre of the wheel. The eyes of the eccentric-rods Fy the bore 
of eccentric Ey and the bores of brackets O are lined with lignum-vitse, and all pins having working 
surfaces are covered with hard brass. The buckets (10 in number) are made of white oak, and are 
2| in. thick, of the shape shown. The wheel, revolving with the shaft Ay turns the buckets; and F* 
being connected rigidly to the eccentric Ey it is revolved also. The centre of JS* is 11 in. from A and 
^in. below it. This position of the eccentric, and its connection with the buckets,’turns the buckets 
through the medium of the eccentric-rods and cranks, as is shown by the positions of the various 
buckets in the side view, and thereby produces the action called feathering—i. e., making the buckets 
enter and leave the water in a nearly vertical position, and guiding them in a direction approximately 
horizontal while immersed, whereby the loss of effect from oblique action, as well as from the blow 
upon and the lifting of the water, is avoided. The steamer Accomac, which is propelled by two 
paddle-wheels of the kind described, measures 146 ft. between perpendiculars, 26 ft. beam, and 9 ft. 
depUi of hold, drawing 4 ft. 9 in. of water. The paddles are immersed to a depth of about 26 in. 
Tl^y are driven by a beam-engine of 82 in. diameter of cylinder and 6 ft. stroke, making from 88 to 
87 revolutions, and working with a steam-pressure of 40 lbs., cut off at one-third of the stroke. Its 
boilers are of the flue and return tubular kind, having 42 sq. ft. of grate surface and about 800 sq. 
ft of heating surface. The superintending engineer states that the steamer runs at an average of 18 
knots an hour, and that the consumption of coal for a run of 80 miles is 2 gross tons, including the 
firing up, etc. 

Feathering paddle-wheels have been made according to Taylor's patent, in which the buckets are 
kept vertical throughout the whole revolution, being attached by pins to a ring of the same diameter 
as the wheel, but placed out of centre vertically by the width of the bucket and held there by fric- 
floD-rollers. 

In 1861 a paddle-wheel without buckets was used, and propelled a small vessel very well. It con¬ 
sisted of a series of plain disks of metal placed at intervals beside each other on the paddle-shaft. 
The action was evidently dependent merely upon the friction of the water against these disks. 

Kumerous other kinds of paddle-wheels have been invented at various times. In some of them the 
buckets are not parallel to the axis of the wheel, but inclined to it, and a certain area of acting sur¬ 
faces is thus always immersed, making the action more uniform and without shocks. In others the 
floats are continuous and run obliquely around the wheel, crossing each other at various points. 
Great advantages have been claimed for each one of these wheels, but none of them have found their 
way into jmne^ use. 

Stern PaddU-Wheds .— ^All the wheels described act at the sides of vessels; but there are also 
oUier kinds, sudi as the stem-wheels which are situated behind the vessel. These are employed on 
the western rivers of the United States, where the water is shallow, and the channel in which boats 
can run is often narrow. The construction of the wheels proper for this class is the same as for 
side-wheels, except that their width is made double that of one side-wheel; and the fundamental dif¬ 
ference in the method of propulsion is merely in the application of the power, the form of the steam- 
enme being different. 

Ikngning of Paddle- Wkede. —In order to find the area of a float of a feathering paddle-wheel, 
we may use the following formula (see Perry's ** Treatise on Steam," page 827): Area of the float 

R A 

— -;-s; where i* is the velocity of the centre of resistance of the float with reference to the 

m n (n — ») 

vessel (expressed in knots); v is the actual velocity of the vessel in knots, and therefore v — v is the 
slip, which may generally be assumed at about 20 per cent, of the speed; m is the mass of a cubic 
foot of water, = 2 for salt water and = 1.97 for fresh water; is a coefficient depending upon the 
vessel; and A is the area of the greatest immersed cross-section of the vessel. In Rankine's " Ship- 
Building" we find the same rule, except that A is the so-called augmented surface in his rule, which 
Is found by considerations given in that book, and is a constant varying from .008 to .011 and 
upward, according to the vessel. When the area of floats is to be determined for radial wheels, we 
take (according to Mr. Napier, TranMaetions of the IngtittUion of Civil Engineers of Scotlandy 1868 
-'4) w to be the velocity of the outer edge of the float instead of the centre of resistance, and we 
must also allow for various immersions of the vessel. 

In the above formula the numerator gives the resistance of the vessel in pounds. The centre of 
regisUsncey or centre of pressure, as it is sometimes called, is that point in the float which would pro¬ 
duce the same effect if all pressures were united there, at right angles to the radius, as the pressures 
actually are by being distributed over the whole area. The determination of this point depends upon 
the soiled rolling drdcy i. e., a circle of such a radius that every point in it moves backward (while 
revolving) as fast as the vessel moves ahead. The centre of resistance is always below the middle 
point, being higher for deep immersions, but never very far from the centre of the figure in well- 
ooostructed wheels. Its determination may also be found in Rankine's “ Ship-Building." The slip 
of a wheel is the amount of motion lost by the water not being a rigidly fixed body ; it is therefore 
equal to the velocity given in a backward direction to the water, and is the difference between the 
v^ocity of the float and that of the vessel. 

The theoretical working of a radial paddle-wheel and the effect of oblique action are considered by 
J. D. Van Boren in an article publish^ in the Journal of the Franklin Institufey 8d series, voU xlix.. 
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and also by Prof. R. H. Thurston in vol. lix. These theoretical considerations, howeyer, do not give 
reliable results, probably because it is almost impossible to determine the exact conditions of action, 
and because a number of the quantities involyed depend upon experiment and vary continually for 
different wheels and vessels. 

PANELING. See Carpentrt. 

PANELING MACHINE. See Moulding Machines. 

PANS. See Amaloauatino Machinebt, Dairy Apparatus, and Sugar Machinery. 

PAPER, MANUFACTURE OF. The fibre of an Egyptian plant, the papyrWy was first used in 
the manufacture of paper; hence the name. Rags take the precedence of all other materials in 
amount consumed in the manufacture of paper and value of the product. The other materials of 
commercial importance are waste paper, cotton-waste, straw, wood, manilla, jute, esparto, and cane. 
All of the finest papers are made from rags. The other materials are used in combination with rags, 
or with each other, or alone for lower grades. 

The art of paper-making consists in the separation of the raw material into its primitive fibres, 
and the recombination of those fibres into felt^ sheets. The several processes are: 1. The sorting 
of the materials according to their kinds and qualities; 2. The mechanical separation of all foreign 
substances and impurities; 3. Cleansing by boiling, the use of chemicals, and by waslung; 4. The 
reduction to fibre by rubbing, the presence of water forming pulp; 6. Bleaching; 6. Coloring; 7. 
Sizing; 8. The formation of the pulp into sheets or into a continuous web; 9. Surface-sizing; 10. 
Drying; 11. Calendering, or surface-finishing. The details of these several processes vary some¬ 
what according to the materials used. Their general features are analogous. The subject will be 
best presented by following out in detail the several steps in the manufacture of paper from rags, 
and then noting the points of difference when other materials are used. 

Preparation of Pulp. — Sorting ,—Rags are sorted by dealers, according to their fibres, into linen, 
hemp, cotton, manilla, half-wool, woolens, etc.; according to colors, into whites 1st, 2d, 3d, grays 
1st, 2d, 3d, blue, red, black, and all dark colors. Paper-rope, bagging, canvas, twine, etc., are dass^ 
separately. The condition of the stock, as clean, strong, old, rotted, worn, is also noted. The 
classification is now so complete that the paper-maker can purchase the goods he wishes for his 
particular kind of paper. Arrived at the mill, if the rags are very dirty, they are passed through a 
duster^ hereafter described. If clean, they are passed to the oorterSy usually women, who stand at a 
table about which are baskets or boxes, one for each of the grades into which the stock is to be sep¬ 
arated. The top of the table is covered with wire cloth; the frame supports a knife which inclines 
a little from the perpendicular, and against this knife the rags are drawn and rapidly tom into 
lengths and cut transversely into squares or pieces as small as can readily be grasped by the hand. 
During this operation the rags are inspected, foreign substances removed, seams opened to dislodge 
the dirt, and buttons and buckles cut off. The dirt falls through the sieve or wire cloth into 
box beneath, and the rags are tossed into their proper compartments. The sorted rags are passed 
to the looker-oveTy who inspects them, and returns them to the sorter if the work has been slighted. 
Only the rags for the finest grades of paper are cut by hand ; all lower grades are cut by machinery. 

Rag-Cutters. —In all the cutters the knife-edges incline to each other while cutting, to give a 
** draw-cut.*’ In some machines the cutting blade moves perpendicularly in guides. In others a 
number of them are set radially about a revolving shaft, the blades moving in a plane at right angles 
to the feed-box. A third form, which is in common use, has its knives secured to a cylinder of cast 
iron, which is in front of and parallel with the stationary bed-knife. The blades are set at sndi an 
inclination to the surface of the cylinder in which they are bedded, and to the bed-knife, that they 
become self-sharpening. The rags are fed into the feed-trough by band, or spread upon an apron 
which carries them up to a feed-roll. The knives revolve at a constant speed of about 100 revolu¬ 
tions per minute. The size to which the rags are cut is regulated by the rapidity of feed. If the 
rags are to be cut very fine, they are passed through these same machines several times. 

Dusting. —The rags pass from the cutter to the dusting machines. Coarse and dirty rags are 
worked in a thrashery devUy railroady or other form of duster. A thrasher has a strong eight-skied 
wooden body with a horizontal shaft provided with a row of iron teeth on each of two opposite sides. 
This revolves rapidly in a wooden box; at the top of the box, over the centre of the revolving body, 
and parallel with its axis, is a strong b^m also provided with teeth. The bottom of the box is semi- 
cylindrical, and is formed of strong wire cloth, grating, or perforated sheet-iron plates, through 
which the dust beaten from the rags can fall into a chamber beneath. A given weight of rags is 
placed in the box and subjected to beating by the teeth until sufficiently clean, and then removed to 
give place to another lot. The devil or picker has a wooden cone 4 to 6 ft. long, having a diameter 
of 9 to 12 in. at the larger end and 6 to 8 in. at the smaller. This cone is provided with iron pins, 
which are set spirally to give a side motion to the rags, and which project from its outer surface. It 
is covered in by wooden planks which conform to its shape. The middle plank bears a single row of 
teeth. The bottom is like that of the thrasher. There is thus formed an annular space about the 
cone, into which at the smaller end the rags are fed, and by^ntrifugal action are moved forward, 
being well beaten in their course, and delivered at the larger end. The speed of the cylinder is from 
200 to 400 revolutions per minute. The railroad duster has a number of cast-iron cylinders 14 in. 
in diameter and 30 in. long, provided with iron pins which arc set spirally about the cylinder and 
project about 6 in. The cylinders are placed on the same level, and their teeth interlock. They all 
have semicircular wooden covering on top, and the semicircular sieve, grating, or perforated plate 
beneath. The rags are fed to the first cylinder, and are delivered from cylinder to cylinder until 
they pass from the machine. The comparatively clean stock, and that which will not bear suc^ 
rough treatment as is given by the previously described machines, is commonly passed through a 
revolving cylinder of wire cloth supported by light framework. The cylinder is about 13 ft, Icmg 
and about 4 ft in diameter, both ends being open. It is so inclined that the rags fed into one end 
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may gradually work downward, brushing over the wire until they fall out at the lower end. The 
(^linder malces about 30 turns per minute. 

Proteaux gives the approximate loss of fibre by sorting, cutting, and dusting as follows: whites, 
fine and half fine, 6 to 9 per cent.; white, coarse, 10 to 15 per cent.; cottons, white, 6 to 10 per 
cent.; cottons, colored, 10 to 13 per cent.; pack-cloths and coarse threads containing straw, 15 to 20 
per cent; ropes, not of hemp, 16 to 18 per cent.; hempen ropes containing much straw, 18 to 22 
per cent. 

Bailing with alkalies is the next step in the cleansing process. Its object is to loosen the dirt, 
and remove all grease and glutinous and coloring matter, preparatory to washing. The liquor used 
is a solution of lime, soda-ash, or caustic soda in water. To di^olve 1 lb. of lime requires 1,200 lbs. 
of water; and for 100 lbs. of rags, 5 to 15 lbs. of lime are used. The best results are obtained by 
boiling in lime, then in a separate solution of soda. Caustic soda nuiy be required to cleanse some 
stock. The rags are boiled either in stationary tubs or rotary boilers. Rotary boilers are now gener¬ 
ally used. They are horizontal, revolving sheet-iron cylinders, with cast-iron heads. The sizes range 
from 12 to 25 ft. in length, and from 5 to 8 ft. 
in diameter. Steam at a pressure of from 20 
to 60 lbs. is used. The liquor is poured in after 
the rags, and must cover the openings for steam, 
that latter may not impinge directly upon 
the rags, but be forced through the liquid. A 
boiler 6 ft. in diameter and 16 ft. long holds 
from 3,500 to 4,000 lbs. of rags. 

Washing is effected by rubbing the rags in 
water in a washing engine^ or Hollander (Figs. 

3356 and 3357), as it is sometimes called from 
the country where it was first used. It is an 
oblong vessel with semicircular ends. The sizes 
vary from 12 to 24 ft. in length, 5 to 8 ft. in 
breadth, and 2 to 3 ft. in depth, and hold from 
100 to 1,500 lbs. of rags. A medium-sized vat, 
to hold 400 to 450 lbs. of rags, would be about 
15 X 6^ X 2^ ft. A vertical partition called a midfealher^ of equal height with the sides of the vat, 
and of equal length with the straight portion of those sides, divides it longitudinally through the 
middle. A shaft, dg^ extends transversely across the vat and bears a wooden roll a, which revolves 
in one of the spaces between the midfeather and the side. The roll carries a number of bars or 
blades called roUdnirs or Jly-hars, These are of iron one-half to five-eighths of an inch thick, edged 
with steel. They are placed 2^ or 3 in. apart, parallel with each other and with the roll-shaft. 
Beneath the roll is a bed-plate, 6, which also contains knives similar to those of the roll, but bent to 
present an angle to the latter. Zigzag plates of thin steel are sometimes used for bed-knives. The 
fly-bars project beyond the face of the roll, and thus form buckets, which gather the rags to them¬ 
selves and drag them over the bed-knives, thus subjecting them to a rubbing operation. The bed¬ 
plate is placed a few inches above the bottom of the vat, and on the approach side has an incline 
leading up to it, wherein is placed a sand-trap, in which the heavy substances will collect and thus 
be prevented from passing beneath the roll. On the opposite side of the roll the bottom curves 
upward, following the sweep of the fly-bars, and forms a breast to the roll. The descent A, down 

which the rags drop after passing over the top 
of the breasting, is called the baek-faU, Wash- 
ing cylinders, r, are placed in the vat at the 
opposite side from the roll. They are cylin¬ 
drical or eight-sided frames covered with fine 
wire cloth, through which the wash-water strains 
to the interior of the cylinder, which is formed 
into buckets, which gather and discharge it over 
the side of the vat. A siphon pipe is sometimes 
used within the wash-cylinder instead of buck¬ 
ets, but it is not so reliable. A continual sup¬ 
ply of filtered water enters by the pipe ir, the 
end of which is often covered by a flannel bag 
which serves as a strainer. The water used in 
all the processes of paper-making must be the purest that can be obtained. The washing is accom¬ 
plished in 8 to 5 hours. 

Half-Stuff. —The washing of rags and their reduction to pulp are, for coarse paper, sometimes 
effected in the same engine. For the fine papers the reduction in the washing engine is but partial. 
As soon as the rags are washed, the roll is lowered, causing them to be severely nibbed as they pass 
the knives, and the roll is gradually lowered as the rags become more completely separated into 
threads and fibres. It is essential that the pulp should he even ; therefore it is kept well stirred up 
by paddles, or mechanical propellers, to produce increased rapidity of circulation. Different kinds 
and qualities of stock require different treatment to reduce to the same degree of fineness, and are 
therefore beaten separately. Bleaching is almost universally effected by the addition of a solution 
of the ordinary bleaching powders of commerce to the half-stuff in the washing engine. The quan¬ 
tity of commercial powders is from 4 to 10 lbs. for each 100 lbs. of rags, accoiding to their quality. 
Vitriol is sometimes added to facilitate the action of the powders. After the bleach-solutions arc 
thoroughly incorporated with the half-stuff, a valve in the bottom of the engine is opened, and its 


8857. 



8856. 



Digitized by v^ooole 





522 


PAPER, MANUFACTURE OF. 


contents flow through a pipe into the drainers—^rats which hold the pulp until it is needed to furnish 
the beating engine. The water is immediately drained off, as the solutions are strong, particularly 
if much Titriol has been used. The half-stuff is washed thoroughly in the washing engine. Chemi¬ 
cals are added to facilitate the cleansing action. “ Antichlor,” which is largely is a compound 
of sulphate of soda, chloride of tin, and hyposulphite of soda. Sulphite of calcium is also used. 

The Beaiing Engine receives the half-stuff from the drainer-Yats, and separates it into its ultimate 
fibres, which with water form the pulp. The one most generally used resembles in every essential the 
washing engine. It runs a little faster, and the knives used are not so blunt The treatment the 
pulp receives varies greatly according to its quality and that of the paper which is to be made from it 
For coarse paper the stock is often beaten in 6 or 6 hours; good writing paper is generally beaten 
10 or 12 hours; and in cases where the greatest attention must be directed toward obtaining great 
length and strength of fibre, as for bank-note and bond papers, the stuff is “ brushed; that is, the 
fly-bars barely touch, and the pulp is merely rubbed under comparatively light pressure from 24 to 
72 hours. ITie Jordan db Eustace engine consists of a revolving cast-iron core inclosed in a cast-iron 
conical casing. Both cone and covering are furnished with steel knives. The pulp, diluted with 
water, is fed into the engine through a regulating box at the smaller end, and is forc^ forward by 
centrifugal action and beaten or rubbed between the knives in its passage, and delivered perfectly 
reduced at the larger end. The cone makes from 200 to 300 revolutions per minute. The J^ngdand 
pulping engine has a revolving cast-iron disk 30 in. in diameter, with steel knives on both faces. 
It turns in a cylindrical chamber, whose faces adjacent to the disk are also provided with steel knives. 
The pulp is f^ into the chamber at the centre of one side, passes outward between disk and chamber 
walls, around the periphery of the revolving plate to its other side, and out at the centre of that side. 

Dyeing and Coloring is effected by adding the ordinaiy colors used for dyes and paints to the 
pulp in the beating engine. 

Size is added either to the pulp in the engine or to the surface of the paper when formed, or 
both, according to the character of the stock used and the paper to be made from it. The objects 
of sizing are to add to the weight or strength of paper; to fill the pores so that ink may not spread; 
and to give a good working surface, or a surface which can be well finished. Print papers require 
little or no sizing, as printing inks do not spread. Vegetable size is used in the engine. It is made 
of resin dissolved in a solution in water of ordinary soda-ash or crystals of soda, in proportion rang¬ 
ing from 2 to 5 lbs. of resin to each pound of soda. The compound when assimilated resembles soft 
soap. Other substances are added for different purposes, notably clay, China clay, and kaolin, to 
give wei^t to the paper; also starch, gum tragacanth, and alum. The last brightens many colors. 

Stuff-Chests .—The pulp leaves the beating engine, and is drawn off into stuff-chests, which are 
vats large enough to hold the contents of several engines. They are circular, and contain agitators 
which keep the pulp in continual circulation, and therefore in a uniform condition of fluidity. The 
pulp in the stuff-chests is too thick to be us^ in the paper machine. It is therefore, as it is needed, 
pumped into a mixing box, and there diluted with water to the amount suitable for the desired weight 
and size of paper. 

Paper-making by Hand. —^The pulp is properly diluted in a vat. The workman is provided with 
a mouldy which is a frame across which is stretched a wire cloth, the whole forming a kind of sieve. 
Upon this is placed an open frame called a deckle^ which is of the size of the intended sheet, and 
confines the pulp to the space upon the mould which is inclosed by its sides. The proper quantity 
of pulp is dipped from the vat by the mould. The workman holds the latter with its contents in a 
horizontal position, and, while the water is draining through the bottom, gives it a peculiar shaking 
motion which causes the fibres to intertwine or felt. When the pulp is deposited, the vatman re¬ 
moves the deckles, and slides the mould along the vat to another man, called the coueher. The latter 
sets it upon edge to drain, while he lays upon the table at bis side a sheet of felt, upon which the 
fibrous sheet is then laid by carefully overturning the mould. The mould is return^ to the vatman, 
who immediately pushes forward another sheet, which is laid upon a sheet of felt placed upon the 
preceding sheet of fibre. A pile of five or six quires, each of alternate layers of paper and felt, is thus 
formed. This pile is pressed to squeeze out the water and to give firmness of texture to the paper 
sheets. The latter are separated from the felt and again pressed by themselves, and likewise a tlfird 
time. The sheets are dried in lofts, as will be subsequently described, after which they are sized by 
being dipped in a solution of glue and alum. They arc again pressed, and slowly dried. The papers 
are finished by being placed in alternate layers with glazed card-board, and pressed. The sheets 
are thus cold-pressed. When hot plates are interspersed throughout the pile, the sheets are said to 
be hot-pressed. Bond and bank-note papers are to a limited extent made by hand, as arc also the 
finest drawing-papers. A sheet of “antiquarian” drawing-paper, which measures 31x62 in., re¬ 
quires eight or nine men to manipulate it. 

Paper-making by Machinery.— The finest papers are made upon the Fourdrinier machine. Fig. 3358. 
The pulp, properly thinned in the mixing box, is pumped into a regulating box, from which it passes 
beneath a copper gate whose height governs the quantity which may be used. A surplus of pulp is 
always delivered to the regulating box. That which is not needed passes out by an overflow, and 
returns again through the pump. A continuous circulation is thus kept up. The same water is used 
over and over, only sufficient being added to compensate for that which fails to drain from the pulp. 
Fan-pumps arc used, as they also serve as amtators to keep the pulp well stirred. The pulp flows 
from the regulating box into a sandtable (sometimes omitted), which is a shallow box traversed 
by low partitions over which the pulp flows, leaving the heavy impurities to collect on the bottom 
between them. Clots of fibre which have lodged in some comer of the beating engine, and escaped 
reduction, are caught by strainers, scrceners, or pulp-dressers, 6, as they are variously called, which 
are generally formed of brass plates with narrow slits, whose gauge determines the fineness of the 
pulp. The width of the slit is greater at the bottom than at the top, to give a ready clearance to the 
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pulp in passing throu^. The plates are supported by a frame whose 
sides dip into a Tat containing pulp, which seals it from the air except 
such as enters through the slits. A suction-box is thus formed, to 
which a vertical motion is given by tappets. The upward lift causes a 
partial vacuum, which draws the fibre through into the vat. When the 
stuff is found to be so “ free ” that it will part with its water rapidly 
enough to leave the fibres themselves upon the plate, the level of fluid 
in the vat is brought up to the under side of the plate. Another kind 
of suction screcner, occasionally seen, has plates against the lower face 
of which a plate faced with rubber alternately presses and is withdrawn. 

Brushing off the deposit from the surface of the screen-plates causes 
some of the screenings to pass through, and they subsequently show as 
imperfections in the paper. This is avoided in the Ibbotson ttrainer by 
the use of two screen-plates. The pulp which flows through the first, 
flows at once to the wire upon which the paper is formed; the remain¬ 
der, flowing over the surface of the first plate, passes to and through 
the second screen-plate, leaving the screenings on its surface, from 
which they are then removed. The pulp from the second screen-plate 
is diluted and pumped back to the first plate. Reversed screens^ in 

which the pulp passes upward from below, are sometimes used to sup- ¥ i -m t r 

plement the ordinary kind. After passing through the screen-plates 
the pulp flows into a box a, containing an agitator r, an outlet gate, and 
an overflow for the pulp in case the box should be filled before time 
has been given to shut oif the flow of pulp. The gate is adjustable to 
the quantity of pulp required for the weight of paper to be made. The 
pulp passes through the gate on to an apron of leather, rubber-cloth, 
or oil-^oth, whose sides are turned up to give a width of flow suitable 
to the width of paper being made. In another form the sides are of 
wood, and can be made to approach or recede from the centre by means 
of right- and left-handed screws. The pulp flows from the apron on 
to an endless wire cloth d, upon which the paper is formed. The water 
strains through, leaving the pulp as a thin sheet upon its surface. The 
wire is support^ in a perfectly horizontal plane by means of numerous 
tube-rolls placed so closely as almost to touch each other. At either 
side of the wire cloth an endless rubber band, c, about in. square, 
bears upon and is moved by it. These are called deckles. They are 
made heavy that they may bear closely upon the surface of the wire 
and prevent any pulp from passing beneath them. The pulp is there¬ 
fore confined to the space l^tween them, and this space or width is' 
adjusted to determine the width of paper, which at this point is enough 
wider than the finished paper to allow for shrinkage and trimming. 

The horizontal or working face of the wire roll extends from the breast- 
roll, which is beneath the apron, to the couch-rolls, which remove the 
paper from the wire cloth, a distance of about 15 ft. The wire, deckles, ^ 

and rolls, except the couch-rolls, arc supported in a frame to which a -111 

vibratory or shaking motion is given. The frame is pivoted near the 
couch-rolls, and motion is given by a crank or cam near the apron. 

The motion is therefore the greatest where the pulp is most fluid, and 
diminishes as the web or sheet becomes free from water. The object 
of the shaking motion is to intertwine or felt the fibres; without it the 
tendency would be for the fibres to be laid in one direction, that of the 
length of the paper. The water which does not drain naturally from 
the pulp while on the wire is removed by two suction-boxes A. The 
tops of the boxes are upon a level with the wire cloth, and at that point 
support it. They'are of brass, rubber, or glass, and are perforated 
with numerous holes. Within the boxes are sliding partitions; the 
distance between the partitions is made equal to the width of the paper 
passing between them. The space outside the partitions at the ends 
of the boxes, not covered by the paper, is filled with water. The boxes 
are therefore practically air-tight, being sealed by the water at the ends 
and covered with the paper at the top. The air is exhausted from 
the interior of the boxes by means of a pump or by a siphon pipe, 
and atmospheric pressure forces out the water from the paper as it is 
dragged over it. A box called a save-all extends beneath the wire from 
the breast-roll nearly to the suction-box, and receives all the water 
which drains from the pulp. This water supplies the mixing box above 
mentioned. It is appropriately named, as it saves fibres, coloring mat¬ 
ter, and size, which otherwise would be lost. Letters, figures, and 
various designs are impressed upon this paper by a dandy-roU or fancy- 
roll, which is a wire cylinder placed between the two suction-boxes, and 
made to revolve by contact with the paper, or web as it is now called. 

The designs are formed by wires in relief which indent the paper. If the wire used is very fine and 
without projecting wires, the paper is said to be wove. If it has parallel wires which form lines upon 
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the paper, the latter is called laid. The various designs formerly used gave names to the paper to 
which they were applied, some of which are still retained. A fooPs cap and bells gave the name of 
“ cap or “ foolscap; ’* a postman’s horn, “ post ” paper; a hand, “ hand ” paper; a pot or jug, “ pot ” 
paper, etc. After passing the suction-boxes the paper or web passes between two couch-rolls t, t, to 
the upper of which it goes, leaving the wire cloth which passes downward and backward beneath the 
save-all on its return motion. The web is delivered from the couch-roll to an endless apron or felt 
ky by which it is carried between a pair of cast-iron press-rolls /, /, 12 to 18 in. in diameter, which 
squeeze out the water. As the lower surface of the paper presses upon the felt, the paper is passed 
to a second felt, which with a reversed motion earries it through a second pair of press-rolls nn, to 
give both surfaces the same treatment. The first is called the wet feU^ the second is called the ywcss- 
feli. The wet felt becomes loaded with size, etc., after a while. It is cleaned by passing through a 
trough of water and then being subjected to beating by revolving blades. The press-felt is removed 
from the machine and cleansed by hand or by running it through a washing marine. The paper is 
now nearly freed from water, and what remains is evaporated by passing the web over driers, 1, 2, 
3, 4, 5, 0, 7, 8, which are (^t-iron hollow cylinders 30 to 40 in. in diameter, heated by steam which 
enters through their journals. The condens^ steam is removed by pipes which lead outward through 
one of the journals. The temperature of the driers is adjusted to the requirements of the paper, 
and the latter is dried slowly and with a gradually increasing temperature. The paper is supported 
and pressed against the cylinders by drier-felts, which, outside of the paper, wrap about the cylinders. 
From the driers, the paper, if engine-sized^ is passed through the calenders (see Calender), which are 
a number of chilled cast-iron rolls, accurately ground and with polished surfaces, placed in a stack, 
that is, vertically one above another. The paper in passing through is subjected to great pressure, 
which gives it a dense, smooth surface. The surface of the paper when it leaves the driers is some¬ 
what hard, and does not readily take the impression of the calenders. It is therefore in some 
machines moistened slightly by a steam-jet. The latter serves also a useful purpose in drawing off 
the electricity with which the paper becomes charged in passing over the driers. The action of the 
calender also charges the paper with electricity, and this is sometimes drawn off by passing over a 
copper roll with a wire connecting with the soil or some good conductor. It is important that the 
electricity should be removed, as its presence causes the sheets to stick together so that it is difficult 
to separate them. Surface-sizingy if required, is next effected by leading the paper through troughs 
containing animal size or glue. The paper then passes on its way to the cutters over rolls, whidi 
keep it stretched and prevent wrinkling. 

The paper itself is now finished. It is delivered to and wound upon reels r, in readiness to be 
trimmed at the edges and to be cut into sheets. It is divided lengthwise by ditierty which consist of 
two parallel horizontal shafts, each bearing a number of cutting disks, the distances between whose 
cutting edges are set to correspond with one of the dimensions of the sheets into which the web is 
to be divided. These narrower bands are divided transversely by stop-cutters or continuous cutters, 

Stop-Cutters ,—In these the sheet is fed forward the proper distance, and then stops while the cut 
is being made. They have either two straight cutting blades set at right angles to give a draw-cut, 
as in Coffin’s cutter, or a horizontal straight-edged bed-knife and a revolving cutting blade, which 
winds about one-fourth of the circumference of the roll which bears it The bed-knife of the last- 
named machine is hinged and backed by a spring to permit the slight yield ro^e necessaiy by in¬ 
equalities in the edge of the revolving blade, while keeping the cutting edges of^ the knives in work¬ 
ing contact When the feed-rolls stop to permit cutting, the roll continues to unwind, forming a 
loop which is carried downward by the weight of rolls. When the sheet is again fed forward for 
another cut, the tension upon the paper lifts the rolls. 

Continuous Cutters .—^In Gavitt’s cutter the paper is fed vertically downward in front of a straight- 
edged bed-knife, which inclines from the horizontal an amount which, in the width of the web being 
cut, is just equal to the distance which the paper travels while being cut. The movable cutter is a 
spiral blade which begins to cut at the higher end of the bed-knife, and the cutting points traverse 
the blade to its lower end with the same rapidity that the paper itself moves downward, thus keep¬ 
ing the same horizontal line relatively to the paper itself. One sheet is cut at each revolution of the 
spiral blade. The speed of the feed-rolls is constant, the length of the sheet being determined by 
the frequency of revolution of the spiral blade. Both cutting blades are supported in the same bed, 
that they may always keep the same relative positions. The inclination of the knives to the paper 
is adjusted to each size of sheet. The Fletcher cutter has a plate attached to the bed-knife at the 
point where the cut commences; the edges of the cut coincide, but beyond this point the plate over¬ 
hangs the blade to a gradually increasing extent. The paper must bend around this plate before H 
can be cut, and in so doing the line in which the cut is made is drawn up to the same extent that it 
is fed forward, and is therefore made square across the paper. 

The sheets as they are delivered by the cutter are received by attendants, one for each train of 
sheets, and the defective ones thrown aside. For the finer papers which are quite uniform in quality, 
the Kneeland layboy is used. The sheets as they drop from the cutter are struck from behind at 
some distance from their edge by a roll over which they fold, and are thus carried forward by the 
roll. Suspended from a rod above are a number of strips of felt, which rest upon the upper fold 
and hold it in place. The lower fold is supported by wooden slats until the sheet reaches the place 
where it is to be deposited, when it drops from the slats on to boards placed to receive it, or upon 
sheets previously laid. At that moment the carrier-roll begins to revolve in the direction of its for¬ 
ward motion, and with equal speed of motion, so that the upper fold is drawn forward and laid in 
position. The boards which support the sheet rest upon a platform which is carried by vertical 
screws at the sides, which arc turned by gears and ratchets so adjusted to the thickness of ^e sheets 
that the platform descends with the same velocity as the depth of the pile increases, and thus keep 
the top of the pile upon the same level. When the depth of the pile has become as great as is deair- 
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able, the supporting boards reach the top of a truck beneath, by which its weight is home and by 
which it is rolled away from the machine and the paper removed and carried to the finisher, whose 
work will be noticed below. 

After the paper has been cut into sheets, it is carried to drying lo/ts, where the moisture not re¬ 
moved by the driers and that added by the size is slowly evaporated. Paper dried in the web or 
roll is passed over rolls beneath which are steam-pipes for heating, and revolving fans for rapid 
circulation of air. 

Cylinder Paper Machine^ Fig. 3369.—The pulp, after passing through the strainer, flows into a 
vat with a semi-cylindrical bottom. In this vat revolves a cylinder covered with a wire cloth. One 
end of the cylinder is closed; the other end has an opening about the shaft, out of which flows 
water drained from the pulp. The pressure of the fluid within the tank forces the pulp against 
the wire cloth. The water passes through to the interior of the cylinder, and the pulp remains pressed 
against the wire cloth. The cylinder revolves, carrying upward the pulp attached to it, which forms 
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a web upon the cylindrical surface, and is removed as a continuous sheet by a roll which presses 
the cylinder at its highest part. The water which flows out from the cylinder passes into a box, 
from which it is pumped into a trough with a perforated bottom placed over the vat, into which 
latter it drains and again unites with the pulp. The paper-making cylinder itself serves instead 
of a lower couch-roll. The upper roll, or couch-roll proper, is of wood, 12 to 18 in. in diameter, and 
is covered with several thicknesses of felt. It is weighted to press out the water from the pulp. 
This roll forms one of a number which carry the wet felt and the paper which adheres to it through 
the press-rolls, then through the second press-rolls to cylindrical driers, as in the Fourdrinier ma¬ 
chine. The shaking motion which felts or intertwines the fibres upon the Fourdrinier machine is 
wanting in the cylinder machine, so that fibres tend to lay themselves upon the cylinder in a direc¬ 
tion parallel to its line of motion, causing in the completed paper a grain in the direction of its 
length, which permits it to be much more easily torn in that direction than across the paper. ^ This 
defect ia in a slight degree remedied in some machines by the use of agitators which revolve in the 
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vat close to the cylinder. As the fibres are laid upon the cylinder merely by the side flow and 
pressure of the water, this machine cannot make thick paper of an even texture. Where the latter 
is desired, two or more cylinders are used. The webs from each are laid upon one wet felt, and, 
passing through the press-rolls together, are pressed into one web. As many as six cylinders have 
been combined in one machine for the manufacture of heavy boards. The number of drying (flin¬ 
ders is increased in proportion to the thickness of the paper; as many as 20 are sometimes used 
with a single machine. Machines with two cylinders and two vats, each with a different pulp,' are 
used for the production of paper having its two surfaces of different textures or (x>lors. The first 
cost of the cylinder machine is much less than that of the Fourdrinier. It occupies less space, is 
more easily managed, and costs less to run. Much news- and book-paper, and nearly all coarse wrap¬ 
ping paper, are made upon cylinder machines. 

Tlit Harper Paper Machine is a combination of the Fourdrinier and cylinder machines. The pulp 
receives the same treatment as in the Fourdrinier machine until the web is formed. It is removed 
from the wire cloth by the lower couch-roll, which is a paper-forming cylinder. The latter delivers 
the web to the same wet felt which passes around the upper couch-roll, and carries the paper through 
the first press and up to the second press. Any thickness of paper (^n be made with this machine. 

The Iranian Paper Machine makes a two-web paper. One web is formed upon a Fourdrinier 
wire cloth and the other upon a cylinder. The two are united by pressure between rolls. The two 
sides of the paper thus formed can be of different textures and colors. 

The Harris Paper Machine has two forming cylinders placed in one vat. The agitators are placed 
vertically at the ends of the vat. 

Pafer-m AKiNO FROM MATERIALS OTHER THAN Raos. — WaUc paper ranks next in importance to rags. 
It is in fact only pulp which merely needs reworking. The very highest grade is composed of cut¬ 
tings from fine white papers, and is called white shavings. These are subdivided into hard or sized 
and soft or unsized shavings. Colored shavings are the cuttings of colored papers. Old blank books 
and letters, and other papers which contain writing ink, are excellent. Printed papers are divided 
as follows; No. 1 imperfections contain best qualities of clean printed papers, such as books whose 
bindings have been removed, blank books, and letters with printed headings, and other g<x)d papers 
which contain but little printer's ink. No. 2 imperfections^ or No. 1 prints^ are the waste of white 
printed papers and clean newspapers and pamphlets. No. 2 prints are made up of soiled printed or 
writing papers which were once white. Manilla papers, straw papers, wrapping papers, straw boards, 
etc., arc put up separately. 

J^raw Paper^ unbleached. —^The full-length straw is laid in large stationary wooden boiling vata. 
A solution of lime in water is poured over it, and the mass boiled several hours. The liquor is 
then drained off, and water is added to wash off the lime which may adhere to the straw. Ilie lat¬ 
ter is then washed in the washing engine, beaten to pulp, and emptied into stuff-chests ready for the 
machines. Cylinder paper machines are used. 

White Straw Paper. —The straw is cut into short lengths and fed to a (leaning ma(^ine, whic^ 
frees it from grain, chaff, and dirt. It is then boiled in a rotary boiler with soda made caustic by 
lime. The straw is emptied from the boiler into a vat beneath, which serves either as a drainer 
or for washing the straw. The bottom is perforated and covert with coarse matting or bagging. 
If the straw is washed in the vat, the water enters at the bottom and works upward through the 
mass. Any bits of straw which have escaped reduction are skimmed off. The use of the washing 
engine is preferable. The pulp is pumped into it from the receiving vat. The engine has a smcko^ 
bed-plate and blunt knives. The pulp is emptied from the beating engine into a drainer, when it 
receives the same treatment as rag pulp. It is finally made into paper on a cylinder machine. 

Esparto Orass^ a spontaneous growth of the gravelly and sandy soil of eastern Spain and northern 
Africa, is treated in a similar manner to straw, but makes superior paper, as its fibres are tougher. 
It may be made into paper cither on a cylinder or a Fourdrinier machine. 

Wood Paper. —^The wood used is chiefly American poplar or whitewood, in the form of cord-wood 
6 ft. long. It is cut into slices about half an inch thick across the grain, being fed to a rotary disk 
armed with strong knives. The chips are placed in upright cylindrical boilers about 6 ft. in diame¬ 
ter and 16 ft. high, with hemispherical ends, and provid^ inside with perforated diaphragms, each 
space holding a quantity of chips equal to a cord of wo<x]. A solution of caustic soda is then intro¬ 
duced, and fires are started underneath. The digestion is complete in about six hours, when the (in¬ 
tents are suddenly emptied with violence, under a pressure of 65 lbs. to the square inch, into a sheet- 
iron cylinder at the side of the boiler. It now being in the condition of half-stuff, it is passed 
through a bleaching engine and mingled with rag pulp in the beating engine, in the proportion of 
from 60 to 80 per cent. It is then formed into paper in the same way as pure rag pulp. 

Cane. —The cane which is principally used grows in the Dismal Swamp and along the rivers of 
North and South Carolina. It is about 12 ft. high, nearly white, and composed of tough strong 
fibres. The cane is disintegrated by the L 3 rman process. Strong cast-iron cylinders 22 ft, long and 
12 in. inside diameter, having strong heads at both ends, are laid horizontally on heavy frames. 
Each cylinder has a dome on top to give steam-room. The emne, after having b(>en stripped and 
cleaned, is introduced into both ends, and the covers are fastened, when steam is admitted into the 
cylinders or “ guns,” as they arc called, until a pressure of 160 lbs. to the square inch is retched. 
This pressure is maintained for about 12 minutes, when by pulling a trigger the covers are suddenly un¬ 
fastened, and the steam rushes out with a tremendous explosion, carrying the disintegrated cane before 
it. A target placed about 30 ft. from the gun receives the charge, which is reduced to a mass of brown 
sugary-smelling fibre. The gun holds about 100 lbs., and is loaded and discharged evciy 16 minutes. 
The fibre in this condition is shipped for use in wrapping and roofing papers, boards, etc. If further 
treatment is desired, the fibres, after their discharge from the gun, are thrown into large tubs, from 
whence, by currents of water discharged from a pump, they are carried beneath four rolls similar to 
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those of a beating engine, which are arranged in one line, so that the fibre passes from one to another. 
It is by these washed and beaten, and from the last roll is delivered upon an endless wire apron, which 
carries it through several sets of iron rolls, of which the last is covered with India-rubl^r. These 
rolls squeeze out the water from the fibre and reduce its bulk about one-third. The fibre is then 
dried. Afterwaixl it is fed to a picker, which delivers it evenly upon an endless apron, which slowly 
carries it through a long drying house, delivering it at the farther end perfectly dry and ready to be 
boHed for shipment. The pulp makes good paper, either alone or mixed with harder stock. 

Pabticular Kinds op Paper. — Bank-note Paper is made from the most carefully selected white 
linen or flax threads. The stock is boiled in wooden tubs and washed in the engine. Very little 
bleaching powder is used, and no vitriol. It is beaten with extreme care, that the fibre may not be 
broken. Brass bed-plates are often used, and the stock is lightly brushed from 48 to 72 hours. A 
small quantity of rosin soap is added to slightly size it. It then goes to the Fourdrinicr machine, 
and is treated like letter-paper. The dandy puts on the necessary water-marks. The paper is ani¬ 
mal (surface) sized, cut into sheets, and dried in lofts or over steam-driers. These papers do not 
require a smooth surface, and it is necessary to preserve water-marks; therefore they arc not super- 
calendered. The sheets receive a dead finish by being laid between pasteboards, the sheets and 
boards alternating, and the pile subjected to great pressure. The red silk fibres seen in the U. S. 
Government notes arc mixed with the pulp in the engine. The paper-machine has no screen, as this 
would remove the silk. Above the wire cloth is an arrangement for dropping upon the pulp the 
blue threads seen upon the face of the notes. A considerable quantity of paper for bonds and notes 
is hand-made. It is considered stronger, and when the character of the water-marks is of much 
importance is by some preferred, as the proportions of the designs are more perfectly preserved 
than when made upon a machine, where it shrinks uneqally. 

Tume Paper^ b^use of its thinness, requires long and strong fibres. It is made as other rag- 
papers, and is colored in the engine. It requires to be carefully supported in its course through the 
machine. The first and second presses are placed near each other, and the web passes immediately 
from one through the other. Between the press-roll and the driers it is supported by a wooden roll. 
When the web is first formed, a sheet of dry paper is laid upon the pulp, pressed into it, and dried with 
it. This sheet leads the way through the several parts of the machine, as the tissue paper itself is 
too thin to bear handling. Copper drying cylinders are used, as the paper would stick to iron ones. 

Collar Paj^ is composed of cotton rags with a small proportion of linen. It is beaten lightly for 
a considerable time to obtain a pulp of the requisite sponginess and strength. Cylinder machines 
with two or three forming cylinders are used. Some cylinder machines have an endless wire cloth 
placed around but not touching the upper roll of the first press, except where it presses the paper. 
The paper passes between it and the felt which covers the lower roll. This wire cloth allows the 
water to escape through it from the upper roll. Cloth lining is either pasted upon the paper by the 
collar-manufacturer, or enters the press-rolls with the pulp and thus forms a part of the web itself. 

Straw Boarde ,—^Tbe straw is treated as described for straw paper. The boards are formed either 
upon a Fourdrinier machine or upon a cylinder machine having, according to the thickness of the 
board, two to six forming cylinders. The first press has two wet felts, that the water may be 
removed from the upper as well as the lower side. When the boards are to be lined with paper, a 
trough containing paste is attached to the machine, and the paste is transferred from it to the paper 
used for lining. The latter unwinds from a reel, and passes with the board to the drier-cylinders. 

Binder^ I^rde are made of the cheapest stocks—anything which will make them hard and stiff. 
Rope or bagging is generally used as ha^ stock. Usually, the stock is not even boiled, but is put 
directly into the engine, beaten, and then emptied into the stuff-chests. The boards are formed upon 
a simple kind of cylinder machine. The upper press-roll is of wood, and its circumference is made 
equal to the length of one or two boards. The paper from the forming cylinder winds about thi!> 
roll until a sufficient thickness has been obtained. It is then cut through by a knife, guided by a 
groore cut in the roll. The sheets are flattened out, and piled up with sheets of felt—one to every 
two or more boards, according to their thickness—and pressed. They are then partially dried by 
heaters, and as soon as they b^me stiff enough to handle are carried out of doors in pleasant 
weather, or, if the atmosphere is humid, to drying-rooms where they are hung up by a comer. Pre¬ 
paratory to calendering, their surfaces are moistened by placing them in close boxes within which 
steam is admitted. They are then run through calender-rolls. 

Building Paper is made mostly of woolen rags, with which is mixed sufficient hard stock to give 
the necessary strength. Woolen rags are used because a porous stock is required to absorb and hold 
the coal-tar. Blown cane-fibre makes good stock. 

Building Board* are made of the cheapest materials, and are mixed with different substances to ren¬ 
der them waterproof and fireproof. They are made either upon Fourdrinier or cylinder machines. 

Leather Board *,—Leather clippings, cut into small pieces and mingled with an equal quantity of 
waste paper and bagging, are mixed, washed, and ground in the engine. The pulp is made into boards 
upon cylinder machines. No sizing is required, as a sufficient quantity is contained in the leather 
itself. The boards are very hard, resembling leather, and possessing many of its qualities. 

Parchment Paper is made of unsized paper. It is dipped into or passed through a bath composed 
of two volumes of sulphuric acid to one volume of hot water. The paper thus treated becomes very 
strong, waterproof, and translucent, and resembles very closely animal parchment. A bath of alum 
sncceedcd by one of concentrated sulphuric acid is claimed to make paper very strong without dimin¬ 
ishing to any great extent its pliability and opacity. 

Sponge Paper is made by adding finely divided sponge to ordinary pulp. The paper made from 
this mixture absorbs moisture readily, and retains it. It is used in surgery, and has many other 
technical applications. 

The carbolic-acid paper for packing food is prepared by melting 5 parts of stearine at a gentle 
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beat, and then stirring in thoroughly 2 parts of carbolic acid, adding 6 parts of melted paraffine. The 
whole is well stirred until it cools, after which it is melted and applied with a brush to the paper. 

An incombustible paper is made of vegetable fibre 1 part, asbestos 2 parts, borax one-tenth part, 
alum one-fifth part. 

Tracing Paper is made from tissue-paper of even texture, which is treated with oil and solutions 
of resins or varnishes. 

Names and Sizes of Papers.— Writing papers — ^foolscap, 13^ x 17 in. ; small post, 16^ x 19 ; large 
post, 16| X 20|; demy, 16^ x 20; medium, 17^ x 22 ; royal, 19 x 24; super-royal, 19 x 27. Printing 
oa/wrrs-^emy, 17^ x 22^ ; medium, 19 x 24; royal, 20 x 25; super-royal, 20^ x 271; imperial, 22 x 30. 
Writing papers for printing —double foolscap, 17 x 27; double crown, 20 x 30; double post, 20 x 32. 
Drawing papers —cap, 13x16; demy, 16^x18^; medium, 18x22; royal, 19x24; super-royal, 
19 X 27; imperial, 21^ x 29 ; elephant, 22^ x 27}; Columbia, 23 x 33|; atlas, 26 x 33; theorem, 
28 X 34; double elephant, 26 x 40; antiquarian, 31 x 52; emperor, 40 x 60; also in rqlls of 10 to 150 
lbs., and 40, 44, 48, 50, 54, 68, and 60 in. wide. Tracing papers —double crown, 20 x 30; double 
double crown, 30x40; double double double crown, 40x60. French vegetable--^zn^ raisin (or 
royal), 18 x 24; grand aigle, 27 x 40. Tracing paper is also made in rolls of about 42 in. in width. 

A quire is 24 sheets; a ream^ 20 quires; a bundle^ 2 reams. A sheet folded once forms 2 leaves 
or 4 pages, and is then called a folio; if the latter be folded, the sheet forms 4 leaves or 8 pages, 
and is called quarto^ or, abbreviated, 4fo/ a 12-leaved sheet is called duodecimo^ or 12mo/ one of 
16 leaves, sexiodedmo^ or 16mo; 18 leaves, ododecimo^ or 18mo/ 24 leaves, vigesitno-quarto^ or 
24mo; 32 leaves, trigesiino^ecundo, or 32mo/ 48 leaves, quadrigesimo~octo or 48mo/ 64 leaves, sexa- 
gesimo-quartOy or 64//w. 

Works for Reference. —“British Patents abridged—Manufacture of Paper,Pasteboard, and Papier 
Mach4;^* “Paper and Paper-making, Ancient and Modern,” Herring, 8d edition, London, 1863; 
“ A Practical Treatise on the Manufacture of Paper in all its Branches,” Hoffmann, Philadelphia, 
1873; “A Chronology of Paper and Paper-making,” Muiiscll, 4th edition, Albany, 1870; “Practi¬ 
cal Guide for the Manufacture of Paper and Boards,” Proteaux and Lenormand, translated by 
Horatio Paine, Philadelphia, 1866; “Bamboo considered as a Paper-making Material,” llutlcdge, 
London; “Die Tapeten-und Buntpapierindustrie,” Exner, Weimar, 1868; “ Praktisches Handbuch 
der Papierfabrikation,” Hoffmann, 1875; “ Handbuch dcr gesammten Papierfabrikation, nebst 
Bemerkungen fiber die Anlage und Verwaltung der Papierfabriken,” Lenormand, Weimar, 1862; 
“Die Fabrikation des Papiers,” Mfiller, Berlin, 1862; “Fabricant de Papiers Carton et Art du 
Formuaire,” Lenormand, Paris; “ Fabrication du Papier succ6dan4 des Chiffons,” Payen; “ Manuel 
du Directeur, du Contre-Mattre, et des Chefs d’Ateliers de Papeterie, contenant la Description de 
Moyens Pratiques pour converter le Chiffon et diverses Plantes en Papier,” Piette; “ De I’Industrie 
du Papier,” Planche. See also the following periodicals: Paper-MakePs Moitihly^ New York; 
Paper Trade Journal^ New 

York; Paper Trade Report. 8861. 

er and Review, New York; 

Western Pamr Chica¬ 

go; Centralblatt furdcutsche 
Papierfabrikation, Leipsic; 

Journal des Chifons et de la 
Papeterie, Paris ; Journal des 
Fabricanis de Papiers, Pa¬ 
ris; Moniteurdela Papeterie 
Fran^aise, Paris. F. T. T. 

PAPEU-CUTTIXG MA¬ 
CHINES. Machines used for 
cutting paper or cardboard 
in piles or sheets, and cliicfly 
employed for trimming the 
edges of books. They are 


aiTiO. 


in reality shears, but differ 
from that class of machinery 
in having as a general rule 
but one knife. Twocla.sses 
of machines may be recog¬ 
nized, viz.: those which cut 
by the shearing stroke of a 
large knife, and operate on 
the paper or cardboard when 
in piles; and those which 
have cutting i*ollers or points, 
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and are chiefly used for dividing a few sheets into 
numerous strips at one operation, or to cut several 
strips in succession. 

In the first class of apparatus, the difference be¬ 
tween various makes of machines lies in the gearing 
which transmits motion to the knife. The object 
sought is to give an exceedingly powerful shearing 
cut, and then raise the knife by a quick return mo¬ 
tion. In order to hold the paper while being cut, 
clamps are provided, and these in large machines are 
generally automatic in their action, grasping the paper 
just before and releasing it just after the stroke. 

The simplest form of shearing machine is that rep¬ 
resented in Fig. 8860. It is merely a pivoted curv^ 
blade used for cutting small numbera of cards, which 
are piled on the table or platform and adjust^ by a 
suitable gauge. 

An improved form of power paper-cutter, built by the 
Howard Iron Works of Buffalo, N. Y., is represent^ in 
Fig. 8861. The gearing consists of a crank-wheel, the 
pin on which enters a slot in a vibrating arm pivoted 
to a vertical arm, which by a bell-crank connection at 
A causes the raising and lowering of the knife. In 
rear of the latter the mechanism for moving the self¬ 
acting clamp is shown. The knife is leveled and ad¬ 
justed by the hand-screws shown on the top. This ma¬ 
chine is made large enough to cut paper 62 inches in width. In Soule^s machine the knife is placed 
below the bed, and lifts with a shearing cut against a pile of paper held down on the bed by a damp. 

Various arrangements of European machines are described and illustrated in Engineering^ xix., 44. 

In Figs. 8362 and 8368 are 
shown examples of machines of the 
second class. The Franklin paper- 
cutter, Fig. 3862, manufactured by 
Messrs. Curtis k 3Iitchell of Bos¬ 
ton, has a presscr-bar or clamp 
A, which is brought down upon 
the paper by the rack and pinion 
shown. Above this bar slides a 
carriage whidi carries a sharp 
cutting point The carriage has 
handles so that the point may be 
drawn over the paper, thus mak¬ 
ing the cut The machine shown 
in Fig. 8363 serves both for ruling 
and cutting. The cutting rollers 
are adjusted on the horizontal 
shaft in front, and the ruling roll¬ 
ers, whidi are supplied with ink, 
are attached by curved arms to a 
shaft in rear. 

PARTITIONS. See Carpentry. 

PATTERN - MAKING. See 
Moulddco. 

PEDESTALS, or PILLOW-BLOCKS, are bearings for the support of horizontal shafts, generally 
from beneath. (See Journals.) The approximate weight of the cast iron in pedestals is given by 
the following equation: w = Lid* + 18 lbs., d being the diameter of the shaft. The following is a 


T<xble of Pedestal Proportions, 
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From 7 in. upward the pedestals have two bolts on each side, both in cap and baso-plate. 
94 
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Pillow-blocks are bolted directly to timbers, or are planed on the bottom and secured to a wall- 
plate, Fig. 8364, bolted to beams or to a foundation, or often to the under side of girders. They are 
also frequently bolted to arched wall-boxes built into the walls, or secured to brackets, which may 
be bolted to a wall or post. 

There is some difference of opinion in regard to the metal of which boxes should be composed, 

especially for very heavy shafts, many en¬ 
gineers still advocating the use of bronze, 
iiabbitt’s metal, or some other of the various 
so-called anti-friction metals. For ordinary 
service, in situations where access is not ex¬ 
tremely difficult, American practice inclines 
to the use of cast-iron boxes with sufficient 
lubrication. These are often made (for fast¬ 
running shafts) four diameters in length. 
Fig. 8364 is an example of a pillow-block 
thus proportioned, made by Messrs. VV. Sell¬ 
ers A Co. The steps are supported on the 
spherical parts, and can rotate slightly either 
horizontally or vertically. The ordinary lubrication is at the centre of the pedestal. In addition to 
this, two cup-shaped hollows are formed near the ends of the top step. These are filled with a mix¬ 
ture of tallow and oil, which is solid at ordinary temperatures and melts at about lOO** F. If the 
step heats from failure of the ordinary lubrication, the tallow melts and prevents injury to the shaft. 
A drip-cup is provided under each end. 

PEDOMETER. An instrument for measuring and counting the steps taken by a person in walking. 
One of the simplest forms of the instrument is that devised by Mr. Beojamin F. Church, and manufac¬ 
tured by Messrs. Tiffany k Co. of New 
York, the working parts of which are 
represented in Figs. 8365 and 8366. 

The instrument is carried in the pocket 
like a watch. The recording apparatus 
is impelled by the oscillations of the 
weight A, which is nearly counterbal¬ 
ance by the adjustable bowspring. The 
arm that supports the weight carries the 
pallets that engage the ratchet-wheel B 
at every oscillation of the weight The 
small pinion connected with the ratchet- 
wheel engages a pair of differential 
wheels on the back of the dial C, one 
of which is secured to the dial, while 
the other is placed on a hollow stud, 
carrying an index-hand in front of a 
dial. The wheel that carries the index- 
hand has one tooth less than the other, 
so that when the dial has been turned 
through one revolution the wheel that carries the index-hand will have gained a distance of one tooth, 
recording one revolution to the dial. The instrument may be readily ^justed to any length of step, 
from 17 to 35 inches, a varying scale on the dial being constructed to acUnit of this adjustment. 

PEGGING MACHINE. See Shoe-making Machinebt. 

PENCILS. See Lead Pencils. 

PENS. Metallic pens may be divided into two classes, viz.: those which are entirely distinct from 
the device in which they are held, and which take up only small quantities of ink at a time; ajid 
those of a peculiar construction, which are combined with their holders, the latter serving as recepta* 
cles or fountains for delivering a continuous supply of ink to the pen-point. 

8U^ Pena are chiefly made in Birmingham, England, from cast steel produced from Swedish iron. 
The metal is made into sheets, which are cut into strips of If to 4| in. wide. These are roasted in 
a muffle, cleaned in revolving barrels, and rolled to the requisite tenuity. The pen-blanks are cot 
out by a press, and the central perforation and side slits are made by dies. Annealing follows, and 
then raising or bending the blank into curved shape. Tempering in oil and coloring follows. Slit¬ 
ting is accomplished by a descending steel took 

void Pena .—^The gold is alloyed with silver and copper, and after being cast into ingots is rolled 
into thin ribbons. The form is given by dies, and the slit is cut by thin copper disks, which revolre, 
and are covered with emery-flour and oil. Gold pens are always tipped with iridium in order to 
prevent abrasion of the points. For a detailed description of the manufacture, sec ScienHJie Aaneri^ 
cany xxvii., 178. 

PhuntaituPena are of two kinds, those which supply a continuous flow of ink to an ordinary pen, 
and those which deliver their fluid to a pen of special construction. The number of patents obtained 
for these devices, especially in England, is very great. In fountain-pens of the first class, the ink la 
contained in the bolder, and is usually carried to the pen by a tube. To force the ink down this tube 
is the problem. In some cases a flexible bulb is squeezed by the hand of the writer, and in others 
a piston must be pushed down. None of these pens have come into extended use. The reader inter¬ 
ested in them is referred to the patent records of the United States and Great Britain. 

Fountain-pens of the second class arc of more recent invention, and have proved in some cases 
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saooeesful. They involve two essential features: 1. An ink-reservoir contained in the handle, through 
which passes an air-tube open at both ends. The object of this tube is to admit a supply of air into 
the ink-reservoir so as to compensate for and allow of the escape of the ink. 2. A hollow tip or 
point, in which reciprocates a needle, said needle being caused to move by its pressure against the paper 
on one side, and the resilience of a spring on the other; or instead of having a spring, the needle 
is simply weighted. This needle both forms a valve in the point and at the same time keeps the 
latter free and clear. The needle-point, valve, and air-tube are essentials, and no pen of this kind 
has been made which has proved of any value without them. 

The 8t}jlLogra,fihie Pen is represented in Fig. 8867, and is one of the best embodiments of the above- 
described principles. The air-tube is shown passing through the body of the holder, and to its lower 
end is attached a spiial spring to which the needle is secured. The reservoir is closed above. The 


8867. 



air-tube extends up through a projection, and is open at the top. It may be closed by the screw-cap 
siiowit. At the bottom of the air-tube is a small orifice for the escape of air. The hollow point or 
tip is removable, and it is n e ce ssa ry to take it off and invert the pen in order to introduce the ink. 
In operation, the ink fiows down around the needle and out at the point. Its exit is automatically 
regi^ted by a partial vacuum which forms above the fluid in the reservoir, only suflBcient air enter¬ 
ing to compensate for the escape of ink around the needle. The result is that only a very small amount 
of ink (about one-third of that used in an ordinary pen) is required in writing. The pen works freely 
and easily, but is not suited for ornate penmanship, as its mark is of uniform width. 

The Mackinnen Pen^ which antedates the foregoing, is essentially identical with it in construction, 
except in the needle-valve. The needle is not connect^ to the air-tube, but is loose, and is surmounted 
by a leaden weight which takes the place of the spring. This pen also writes w^, and is by some 
preferred to that above described. 

PERCUSSION FUSE. See Fusis. 

PERBOTINE. See Galico-Pbintino. 

PETRISSEUR. See Bbxad and Biscuit Machinxrt. 

PEWTER. See Allots. 

PHONOGRAPH. A madiine that records sound-vibrations, and subsequently reproduces the same. 
The term—which in some cases is modified into ** phonautographhas been more commonly 
applied to devices which simply record sound-vibrations, usually by sinuous lines on a rotating black¬ 
ened cylinder. Contrivances of this kind are described in the Skeniifie American^ xxxil, 807, 876. 
Latterly the name has been given by Mr. Thomas A. Edison to a remarkable acoustic invention, 
which not only records sound, but reproduces the same by mechanical means, and which is therefore 
both a sound-recorder and a talking machine. 

The most perfect example of a talking machine hitherto constructed is that of Professor Faber of 
Vienna. This inventor worked at the source of articulate sounds, and built up an artificial oigan of 
speedi, whose parts as nearly as possible perform the same functions as corresponding organs in our 
vocal apparatus. A vibratory ivory reed of variable pitch forms its vocal chords. There is an oval 
cavity whose size and shape can be readily changed by depressing the keys on a key-board. A rub- 
bCT tongue and lips make the consonants; a little wind-mill turning in its throat rolls the letter i?, 
and a tube is attached to its nose when it speaks French. For detailed descriptions, see Sdentifie 
Amerieany xxvii., 8. 

The difference between this machine and Edison's phonograph is summed up by Professor A. M. 
Mayer {Popular Science Monthly^ xii., 719) as follows: “Faber solved the problem by reproducing 
the mechanical eaueee of the vibrations making voice and speech; Edison solved it by obtaining the 
mechanical effecle of these vibrations. Faber reproduced the movements of our vocal organs; Edison 

reproduced the motions which 
the drum-skin of the ear has 
when this organ is acted on 
by the vibrations caused by 
the movements of the vocal 
organs.” 

Figs. 3868 and 8369 ex¬ 
hibit the construction of Edi¬ 
son's machine. A cylinder 
F turns on an axle, which 
passes through the two stand¬ 
ards A and B. On one end 
of this axle is the crank D, 
on the other the fly-wheel F, 
The portion of this axle to 
the right of the cylinder has a screw-thread cut on it, which, working in a nut A, causes the cylinder 
to move laterally when the crank is turned. On the surface of the cylinder is scored the same thread 
as on its axle. At .F is a plate of iron A, Fig. 8369, about a hundredth of an inch thick. This 
plate can be moved toward or from the cylinder by pushing in or pulling out the lever If G, which 
tarns in a horizontal plane around the pin /. The under side of this thin iron plate A presses 
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against short pieces of rubber tubing which lie between the plate and a spring attached to E, The 
end of this spring carries a rounded steel point P, which enters slightly between the threads scored 
on the cylinder C. The distance of this point F from the cylinder is regulated by a set-screw ^ 

a^inst which abuts the lever 
H O. Over the iron plate A 
is a disk of vulcanite B 
with a hole in its centre. The 
under side of this disk nearly 
touches the plate A. Its up¬ 
per surface is cut into a shal¬ 
low funnel-shaped cavity. The 
cylinder is coated with a sheet 
of tin foil, against which the 
point P is brought to bear, so 
as to make a furrow. The 
mouth is then placed oloee to 
the opening BB^ and words 
are spoken as the cylinder is 
rotat^ with a uniform motion 
by the crank. The plate A 
vibrates to the voice, and Uie 
point P indents the foil, im¬ 
pressing in it the varying num¬ 
bers, amplitudes, and durations 
of these vibrations. If the vi¬ 
brations given by the voice are 
those causing simple sounds, 
and are of a uniform regular 
character, then similar regu¬ 
lar undulating depressions are 
made in the foil; if irregular, 
the depressions correspond; 
and thus the yielding, unelas¬ 
tic foU receives and retains 
the mechanical impressions of 
the vibrations. In order to re¬ 
produce from these the sound 
whereby they were made, the plate A with its point P is moved away from the cylinder by the lever 
H O, The cylinder is then turned back until the point P is brought opposite the beginning of the 
series of impressions. The point is then moved close up to the foil, a cone of paper or tin is intro¬ 
duced in the mouth-piece to reenforce the sounds, and the crank is steadily turned. The elevations 
and depressions which have been made by the point P now pass under this point, and in so doing 
they cause it and the thin iron plate to make over again the precise vibrations which animated them 
when they made the^ impressions under the action of the voice. The consequence is, that the iron 
plate gives out the vibrations which previously fell upon it, and the original sounds are reproduced. 

Numerous accounts of the construction of the phonograph, discussions of its principles, etc., will 
be found in the files of the Scientific American^ Engineering^ Engineer^ English Mechanic^ and Nature^ 
for 1877, 1878, and 1879. 


PHOSPHOR-BUONZE. See Alloys. 

PIANOFORTE. A musical instrument, the tones of which are produced by the blows of small 
hammers upon a series of tightly-stretched elastic steel strings; the hammers being caused through 
certain connections to rise upon the striking of the corresponding keys of a finger-board, and 
tones being strengthened and rendered melodious by the reciprocal vibrations of a sounding-board 
over or near to which the strings are stretched. 

The two largest pianoforte manufactories in the United States are those of Messrs. Steinway & 
Sons in New York, and Chickering & Sons in Boston. In these establishments every portion of the 
piano is constructed from the raw material (the first-mentioned firm having a foundry for the cast¬ 
ing of its own metal work); and hence they differ from the generality of piano factories, into wbi<^ 
many portions of the instrument, such as actions, keys, etc., enter in a finished state. The method 
of piano-making described in this article is based on the processes of both the above-named msmu- 
facturers, the differences between them lying chiefly in the introduction into the instruments of 
patented devices originated by the respective makers. Messrs. Steinway k Sons, to which firm we 
are indebted for much information embodied in the following article, possess two factories, one in 
New York, the other in Astoria, L. I., both of which are worthy of especial note as model industrial 
establishments. The Astoria buildings comprise a steam saw-mill, iron and brass foundries, and all 
the plant required for the finishing of frames. Here the construction of the piano begins. The 
wood, in the form of huge logs, is cither floated into a water-basin, or by large band-saw mills it is 
at once cut up into planks and boards, which, stacked in the open air, form whole streets of lumber. 
Millions of feet of choice wood are thus kept at hand. For spruce timber, of which sounding-boards 
are made, the seasoning process is allowed to continue for from seven to eight years, during which 
time the boards are subjected to repeated examinations and selections, until finally, out of say 
100,000 feet of material, scarcely 10,000 feet finds its way into the completed piano. It is hardly 
necessary, in view of such facts as the foregoing, to point out why pianos that are properly and 
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carefullj constracted are oostlj to build, or to what qualities they owe their permanence under the 
influence of the most variable climates in the world. The same critical care is exercised in the pro¬ 
duction of all the metallic portions of the instrument, and in the foundry skill of no common order 
is brought to the accurate casting of the iron frames or plates. Some seventy of these are simulta¬ 
neously cast. Samples of the metal are always subjected to proof-stress in a testing machine. The 
metal employed contains 3.34 per cent, of carbon as graphite and 1.20 per cent, of silicon, besides 
manganese and sulphur. This in strength and lightness resembles cast steel, and is found to be 
especially well suited for its purpose. Special investigations ha?e been made into the method of 
prancing the brass alloys us^ for screws, action-supports, and bars; and an example of the fine¬ 
ness of the material is shown in the fact that screws made from it are cast with threads apparently 
as perfect as if cut in the lathe. The Steinway factory in New York city, in which the pianos are 
put together and their finer portions manufacture, has a surface of 176,140 square feet, and con¬ 
tains 165 machines of various kinds, driven by engines of 380 horse-power. The machinery includes 
almost every form of wood-working tool in general use, besides numerous special appliances, such as 
the case-planer, the rim-bending machines, the presses for applying felts to the hammers, etc., which 
are described further on. Labor is subdivided with great closeness, and each workman is encouraged 
to devote himself to but one branch of the trade, so as to acquire particular skill in his specialty. 
The Steinway factories produce some 60 pianos weekly, employ the labor of 1,000 men, and export 
instruments to all parts of the world. 

Designing Planovobtis.—T he essential features of all pianofortes are: Ist, the strings by the 
vibrations of which the musical sounds are produced; 2d, the mechanism for striking these strings, 
whereby they are thrown into vibration; 3d, the sounding body; and 4th, the case wherein the 
strings and the striking mechanism are contained. 

In designing a piano, the first step is the construction of the scale, by which is meant the prepara¬ 
tion of a drawing on which are shown the length and position of every string. This is made either 
of the full size of the plan of the piano, or on a reduced scale, according to the preference of the 
desinier. 

The CoTUtruction of the Scale is chiefly dependent upon the laws of physics governing the vibra¬ 
tions of tense strings. Sounds differ from each other in three essential particulars: Ist, in pitch, 
that is, in gravity or acuteness; 2d, in loudness or intensity; and 3d, in timbre or quality of 
tone. The pitch of the sound always depends upon the number of vibrations communicated to the 
air in a given time. Rapid vibrations produce sharp, shrill sounds; slower vibrations, those which 
are more grave. The low C of a piano gives a deep bass note; the highest C, an acute treble one. 
Not that one of these notes is touched more energetically than the other, but that the string of the 
former vibrates more slowly than that of the latter. Thus the lowest C of a piano makes only 64 
vibrations, while the highest G makes 2,048. A string may be caused to vibrate more slowly by 
augmenting its length or its weight, or by decreasing its t^ion. The laws relating to this are 
briefly as follows: 

1. The vibrations of stretched strings are in inverse proportion to their lengths. To lengthen a 
string, therefore, causes it to vibrate more slowly, and vice versa. 

2. When strings have the saqie length and tension, but differ in weight or thickness, their vibra¬ 
tions are in inverse proportion to their weight. If a given string makes a certain number of vibra¬ 
tions* in a second, another twice as heavy will under similar circumstances give only half the former 
number of vibrations in the same time; so that it is evident that if a string is desired to vibrate 
more slowly, this may be effected either by increasing its length or augmenting its thickness. 

3. The third law, which is that the vibrations of a stretched string are in proportion to the square 
root of its tension, shows that the tighter a string is drawn the faster it vibrates, and the sharper 
or higher its pitch. On the other hand, the looser the string the slower its vibrations, and the flat¬ 
ter or graver the note which it produces. 

While all these laws must be taken into consideration in the constniction of the scale, the first 
two are chiefly regarded by most manufacturers—^the third, or the question of the tension of each 
string, being attended to by the tuner after the piano is completed. The exact tension to which any 
string has to be subjected to produce a given note has been determined by experiment by Mr. Theo¬ 
dore Steinway, as will be explained further on. 

In laying out his scale the manufacturer must consider—1st, the length of his strings; 2d, their 
thickn^; 3d, their arrangement, so as to suit the size and form of the instrument which he pro¬ 
poses to build. In regard to the last, it is obviously necessary that the strings be arranged to the 
smallest possible compass, and at the same time they must be so disposed as to afford ample room 
for the working of the mechanism by which they are to be sounded. In practice, as already stated, 
the scale designer considers the questions of length and thickness, and the necessity for the latter 
consideration will be obvious when it is remembered that in a seven-octave piano, supposing the 
scale to start with a string 2 in. long, the length of the string at the seventh octave above would 
be 256 in. or 21^ ft., which would of course be out of the question within the compass of an ordi¬ 
nary piano. Hence, instead of going on increasing the length of his strings, the piano-maker thickens 
the^ using progressively thicker wires, and finally wire around which thinner wire is wrapped. 

The art of laying down a good piano scale involves the attaining of the theoretically highest pos¬ 
sible intensity of tone in the instrument. It is a very complicated work, dependent on a multiplicity 
of contingencies. The marked improvement in the manufacture of steel wire in its capacity to with¬ 
stand torsion, and to sustain very considerable strains until the limit of elasticity is reached, neces¬ 
sitated the undertaking of new investigations into its properties. With this object, in 1869 Mr. 
Theodore Steinway constructed a machine for the purpose of testing the tension of steel string, and 
by the aid of this obtained data by which he was enabled to correct scientifically the scales in use. 
The results of these experiments are of especial interest. Steinway’s testing machine was used by 
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the musical jury of the Centennial Exhibition of 1876 to select for awards the best of the exhibited 
piano strings. The following table shows the sizes of the steel wire generally used for smooth or 
unwound strings, and its resisting power against the minimum and maximum tension: * 


Table ehowing Tensions in Putno Wires, 


SIZES OF STEEL 
WIRE, NOS. 

DUnMter, in 
BfilUnutret. 

MliainjlC, 1 MAXTMITM, 
in Eagliih Poond*. 

12. 

0.725 

160 

180 

18. 

0.775 

180 

210 

14. 

0.825 

220 

280 

15. 

0.875 

280 

250 

16. 

0.925 

210 

280 

17. 

0.975 

280 

800 


SIZES OF STEEL 
WIRE, NOS. 

Dimeter, in 
MlUlnMtrM. 

1 Mnninni, 

1 MAkDnni, 

fa Englkh PiMBia. 

18. 

1.025 

800 

820 

19. 

1.075 

880 

•40 

20. 

1.125 

885 

850 

21. 

1.175 

890 

400 

22. 

1.225 

400 

400 

28. 

1.8 

450 

460 


The maximum period of vibration of a string does not ooindde with the limit of elasticity, and thia . 
again is not coincident with the breaking point. While in good material these points approach each 
other very closely, they differ in pounds very considerably in an inferior article. It is also of very 
great importance to maintain proper relations between the elasticity of the sounding body and the 
tension brought to bear on the strings, as otherwise the power of the transverse vibrations of the 
strings would not be (as they should) transformed into movements of molecules producing sounds, 
but would simply develop heat and operate destructively on the sounding-board. In this connection 
it is to be understood that vibrations of strings, when transmitted through the air only, cannot be 
heard. A string suspended above an isolating elastic cushion, to which string is attached a weight 
producing strains similar to those above enumerated, does not when struck produce an audible sound. 
The vibrations become perceptible only through the appliance of a resonating board offering large 
vibrating planes, and this is called the ** sounding-board ” in a pianoforte. This sounding-board 
must be built up out of suitable and very carefully selected material, and constructed in such a man- 
ner that the long and wide waves of the lower notes find therein their corresponding modules of 
elasticity. These being shortened in double progression from octave to octave, the movements of 
the strings doubling in rapidity in the same ratio, a correctly constructed sounding-board offers the 
somewhat paradoxical peculiarity that the thinnest and shortest strings require a considerable in¬ 
crease in the thickness and rigidi^ of the board. The aggregate tension on the strings of the small¬ 
est upright piano is 20,000 lbs. In the large concert grand piano it reaches 66,000 lbs. The sound 
given by a vibrating string is due not only to the fundamental vibrations, but to partial vibrations 
which divide themselves oi infinitum (called overtones by Tyndall), adding to the richness of tone, 
though surpassing considerably in their' pitch the capacity of the human ear. In a properly con¬ 
structed scale these factors maintain proper relations to the sounding body. Mr. Theodore Steinway 
has determined that the capacity of a string to make eneigetic transverse vibrations is augmented 
by an increase in the tension, if such a string is brought into connection with a sounding-board, the 
edges of which are subjected to compression. In short scales, the transverse vibrations of strings are 
retarded, or the pitch lowered, by winding around the strings a specifically heavier metal than sted. 

The most notable feature in the Stein way scale is ** the duplex arrangement, which is described as 
“ a second scale of exactly and mathematically proportioned and shorten^ length, added to the prin¬ 
cipal scale. This second or duplex scale is applied between the tuning-pins and the end points of tho 
strings upon the wrest-plank.** Fig. 8370 shows the string and the vibrations into whi^ it falls on 



being struck by the hammer. The duplex scale of a Steinway grand piano is here between A, the 
ttgraffe pin, and the “ capo d^astro ” bar. The advantages gained by this device are more fnU 
and harmonious tones, and the avoidance of dissonances in the partial overtone vibrations. The 
inventor states that “ the intrinsic elasticity of the treble strings, which in proportion to their diam¬ 
eters are greatly strained, is reinstated by means of the duplex scale, which divides the string at its 
termination behind its fixed resting point mathematically by 2, 8, 4, 6, 8, etc. The transverse Tihra- 
tion of the string produces the principal or fundamental tone. This vibration is transmitted elasti¬ 
cally over the crossing or fixed point, and is caused to divide itself into partial tones or overtones.” 

The Chickering Scale^ the manufacturers state, is rather the result of long experience in scale 
construction than an outcome of abstract investigation. The most noteworthy of the scales (daimed 
by Messrs. Chickering & Sons is the so-called circular scale ’’ for square pianos. By drawing the 


* The minimum tension is the lowest point to which a strinf? can be brought and preserve Its tone. The 
tension is said to be reached when the string has been stretch^ to a point i^ve which, if sabtected to a beaww toacK 
it will break. 
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scale on an arc of a circle or ellipse, the distance between the strings on the hammer-line is in¬ 
creased, and thus more room is given to the hammers. 

In actually constructing the scale, the designer generally begins with the highest A note, which 
may be say 2 inches in length, and which is of No. 14 steel wire. The first line put on paper is the 
hammer-line, which joins the points at which the hammers controlled by the keys will strike the 
strings. Along this transverse line the strings are equidistant. Having decided on the length of his 
highest A string, for example, the designer prepares a thin strip of board, on which he marks the 
length of the string an octave lower, then that of the string another octave further down; and in 
this way he gradually lays off on his strip the lengths of all the strings. Of course the general 
arrangement of the strings and their lengths—or rather the length of the first string, which forms a 
base for that of the others—^is determine upon in accordance with the style of the piano. In the 
grand and square piano the strings run horizontally; in the upright they are placed vertically. Hav¬ 
ing laid out his string lengths, the designer then marks the curve which one series of ends of his 
strings make when the other set of extremities are brought to a straight line. This results in group¬ 
ing them in a form identical with or approximating that familiarly known as the harp. In grand 
pianos the inner or remote ends of the strings run in a curve representing the curv^ side of the 
harp, the treble strings lying to the right hand. In squares, usually, the harp curve is represented 
by the ends of the strings toward the right-hand side of the performer, and lying nearer to him. 
The ends of the strings corresponding to the straight side of the harp thus lie in grands in front, 
terminating in this case however in a less marked curve; and the like extremities in the squares, 
which until recently always terminated in a straight line, lie to the left hand and back of the instru¬ 
ment. Nearly all modem pianos possess the ** overstrung scale,’* which was used in the Steinway 
piano in 1856, in which the strings of the bass notes, instead of being stretched in the same horizon¬ 
tal plane as those of the treble, are carried over the latter obliquely. This allows of greater lengths 
of bass strings, and renders it possible to place all the strings farther apart, so as to afford more 
play to the hammers. 

Construction or the Piano. —The Iron PlcUe, — In pianos of the laigcst size the sum of the ten¬ 
sions of the strings, when stretched in attuning, reaches 83 tons. Hence the framing, or those parts 
within the case which serve as a strut or stretcher between the ends of the strings, and which are to 
resist this enormous pull, must be made correspondingly strong and rigid; since by any gradual 
yielding under the pull of the strings their lengths and tensions, and hence their tone, must undergo 
proportionate change. In the earlier instruments having small strings, the frame was of timber only. 
With the progress of metallurgy and the gradual introduction of iron structures, this metal came to 
be used for the plate or platform which receives the strain of the strings. Upon this part of the in¬ 
strument centres a large number of the patented devices which enter into modem piano constmetion, 
and it forms the ground of much of the controversy between rival manufacturers. It seems to 
be undisputed that in 1825 Alpheus Babcock obtained a patent in the United States for a cast-iron 
ring of harp shape, used in a square piano in order to increase the power of its resistance to the 
strings. The Messrs. Meyer of Philadelphia claim that they in 1833 introduced a piano with a 
full cast-iron frame. This claim was allowed by the Centennial Commission. (See official report.) 
It is not necessary to enter into any discussion on the subject, other than to state that Mr. Jonas 
Chickering was one of the first to recognize the value of Babcock’s device, and to modify and 

adapt it to practical use in the pi¬ 
anoforte. Numerous improvements 
in its constmetion have been de¬ 
vised and patented by Messrs. Stein- 
way & Sons, culminating in the form 
of fiwme represented in the grand 
piano. Fig. 3371, and in the upright 
piano. Fig. 3373. In both forms it 
will be obser>^d that the edges of 
the plate are lower than the middle 
portion, producing a so-called cu¬ 
pola form, and that the bars are 
disposed so as to lie parallel to the 
direction of the strings. The man¬ 
ner in which this frame overlaps 
the wrest-plank D is shown in sec¬ 
tion at C in Fig. 3370. It will be 
noted that two cross-bars are used, 
one forming the angular projection 
of the wrest-plank part of the frame 
above noted under the strings, and 
the other nearer the middle of the 
piano, passing over the strings. It 
is claimed that the longitudinal bars 
abut with straight resisting pressure 
directly against the upper cross-bar, 
and that the weak spot in the bracing near the wrest-plank portion, due to the fact that the level 
of the tension is under the brace level, is thus avoided. On the under side of this cross-piece, or 
capo d^astro bar^ as it is called, are placed agraffes which furnish a bearing to the strings. One 
result of this construction is stated to be that the suspended wrest-plank can neither be raised noi 
depressed by the largely increased pull of the strings. Figs. 3372 and 3378 represent the cupola 
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frame of the upright piano, Fig. 8378 showing the strings in place. Compression-screws press the 
sounding-board against the metal frame, and the latter rests directly upon the board and descends at 
certain points between the braces of the wooden case ; here the compression-screws bring to bear a 
pressure sidewise against 
the underbracing ^of the 
sound-board. The Stein- 
waj iron frames are cast 
at the makers’ own foun¬ 
dry from metal capable 
of sustaining a strain not 
less than 6,000 lbs. per 
square centimetre. The 
Cockering frame differs 
from that above described 
in the absence of a capo 
d’astro bar. The agraffes 
are screwed in a solid iron 
flange on the under side 
of the frame parallel with 
the wrest-plank, and an 
additional flange is also 
cast upon the under side, 
running parallel with the 
hammer-Hne, to give great¬ 
er strength and stiffness 
to the head-block. A 
strong construction is said 
to be obtained by using a 
double thickness of iron 
in the rear of the agraffes, 
where the pin-block bolts 
against the frame. 

The Sou-nding-Board.^ 

When a vibrating wire is at rest, its tension is necessarily somewhat less than at any other 
moment, since in order to assume its curved segmental form it must be a little elongated, which 
involves a corresponding increase of tension, fience the pegs by which the ends of a wire are 
attached to the sounding-board are submitted to an addition^ strain twice during each complete 
segmental vibration. The sounding-board, being purposely constructed of the most elastic wood, 
yields to the rhythmic impulses acting upon it, and is thrown into segmental vibrations like those 
of the wire. These vibrations are communicated to the air in contact with the sounding-board, 
and are then transmitted farther in the ordinary way. The amount of surface which a wire pre¬ 
sents to the air is so small, that but for the aid of the sounding-board its vibrations would hardly 
excite an audible sound. The sounding-board therefore plays the same part as the hollow cavity of 
the violin, and is in fact a solid resonator. The wood usc^ for sounding-l^ard construction is spruce. 
An immense supply of this wood is kept on hand. The logs are quartered, and the beards are cut 
from them so as to have a perfectly smooth surface grain, and to measure five-eighths of an inch in 
thickness. The lumber thus prepared is kept under cover for several years, until needed for use, 
when it is subjected to the heat of a drying-room. The boards are jointed together to a bevel, the 
thickness varying from a quarter to three-eighths of an inch at the treble portion. This ** table is 
next sawed into the proper shape, this depending upon whether it is to enter into a grand, square, or 
upright piano. Aft^r shaping and drying, the bars which brace the sounding-board on the bottom or 
rear are firmly glued in place, and the bridges are secured on the upper or front side. The bridges 
are formed of numerous layers of thin maple, and receive iron pins which hold the strings in place. 
In the Steinway piano a “ ring bridge ” is used. This consists in curving the bridge A, Fig. 3872, 
back upon itself. The advantage claimed for this is a greater evenness of tone in the transition 
from the steel to the covered strings. 

The Case .—The principal portion of the case is the skeleton or bottom framework, which sup¬ 
ports the sounding-board, the iron plate, and the strings. In the square piano it consists of a bottom 
built up of a square frame filled in solid, and covered above and below with smooth boards. Above 
this are secured the under-blocking and the wrcst-piece. 

In Fig. 8374 is represented the case of a small Stcinway grand piano, which exhibits a new method 
of manufacture. Tlic entire case is formed of two bent and continuous rims of wood, which at the 
short bend on the right-hand side run in different directions. This frame is strengthened by three 
braces, which are secured to a metal shoe By abutting against the metal part of the wrest-plank. 
The portion C beneath the key-board is solid. Generally the curved rim of a grand piano is built up 
of several thicknesses of thin wood successively bent around a form. Messrs. Stcinway & Sons have 
recently succeeded in bending the entire rim of a single plank inch in thickness upon a specially 
devised press. The same firm also use an ingenious vertical planer, which consists of a planer-knife 
attached to a rapidly rotating cylinder, for smoothing the exterior surface of piano cases. The 
entire case of a grand piano is dressed at a single operation, the workmen simply guiding it in con¬ 
tact with the knife. In cutting veneers of ordinary wood in the same factory, huge logs of the 
desired wood are first steamed, and then chucked bodily in a large machine, and caused rapidly to 
rotate. While turning, a horizontal knife is brought in contact with the wood, and made to slice off 
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the latter in thin sheets some 12 ft in length. The choicer grades of wood, especially rosewood, are 
cut into veneers by large drcalar saws which produce very fine work. 

The portions thus far described having been completed, the sounding-board is glued in, and the iron 
frame adjusted; this last is placed in the skeleton 
of the upright piano, and in the completely finished 
case of the grand or square instrument. It will be 
seen, therefore, that at this stage of the manufacture 
the cabinetmaker’s work is virtually completed. The 
cases are veneered, and are subjected usually to nu¬ 
merous vamishings, with occasional rubbings with 
pumice or rotten stone. The legs and lyres, which 
are of whitewood, are roughly carved out by a carv¬ 
ing machine, and subsequently finished by hand. 

These are always stained and grained in imitation 
of the wood of the case. 

Strings .—The wire used for strings in the piano 
is of steel, ranging in size in grand pianos from 
No. 13 to No. 25. In order to increase the thick¬ 
ness of the strings used for the bass notes, these are 
wrapped with wire either of iron or copper, varying 
in size from No. 16 to No. 40. In upright pianos, 
the nine lowest notes of the bass are double-wound. 

The machine for applying the wrapping consists sim¬ 
ply of two rotating hooks actuated very rapidly by 
suitable gearing, between which the wire is fastened. 

At the point where the winding on of the outer wire 
is to begin, the inner wire is slightly flattened by a 
blow of the hammer. The end of the wrapper is 
thus easily secured, and as the main wire rotates the 
coils of the wrapper multiply until a sufficient sur¬ 
face is covered, when the wrapping wire is divided 
through its coming in automatic contact with a sta¬ 
tionary knife. 

The stringing consists in placing the wires in proper position over the iron plate and sound-board. 
Where but a single wire is employed to produce a note, it is fastened first to the hitch-pin, which, as 
already explained, is inserted in the iron frame; then it passes over the bridge, and is held in posi¬ 
tion by the bridge-pins; thence it passes through the agraffe, and finally is secured and twisted 
around the tuning-pin, which, passing through the iron plate, has its bear¬ 
ing in the wrest-plank. Elach of the three strings which are toned in unison 
to produce each note in a grand piano is thus secured. Where a double 
string only corresponds to a note, then the ends are fastened to separate 
tuning-pins, and the loop or bight is passed around the hitch-pin. 

There are three usual modes of giving strings a bearing, namely: the 
wire bridge, the wood bridge, and the various forms of agraffe. In the 
Chickering upright piano both the wire and wood bridges are used. Nearly 
all pianos have agrees. The wire bridge is a strip of wood having a wire 
ridge, over which the string is passed, and then is led under a strip of brass 
prior to being secured to the tuning-pins. This form of bridge is necessitated 
by the general construction of the Chickering upright piano, and it is more 
especially used in the high notes to give brilliancy of tone. The wood bridge 
is simply a bar of wood having pins in it, between which the strings pass. 

The agraffe has been the subject of a large number of improvements and 
special inventions. Essentially it is a stud or pin pierced with two or three 
holes for the wires, and made fast below the wrest-plank. The device used 
in the Chickering piano is known as the double-bearing agraffe, the orifices 
in it being relatively placed at such an angle that a doable bearing to the 
string is afforded. In the Steinway piano, the capo d’astro agraffe already 
described is used instead of wire and wood bridges. It permits the estate 
lishment of the duplex scale in one separate and independent piece, under 
which the wrest-plank, subjected to the effects of different temperatures, 
may expand or shrink without disturbing the length of the sede. This 

agraffe is made of copper alloy, and is 
strengthened by a steel cap or facing 
along its upper edge. 

It is the work of the stringer to apply 
the strings as we have described. Ajs be 
fastens each string in place, he ** chips 
it up,” as the operation of sounding it to 
see that it attains approximate pitch is 
termed. This is done simply by snap¬ 
ping the string with a bit of wood. Simultaneously with the operations already dcscriM, the work 
of action- and key-making is progressing, and the iron frame adjusted. 

The Action is the machinery through which the impulse given by the finger of the performer is 
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transmitted to the string of the instrument. The operation of any action is as follows: 1. The 
damper is lifted from the string. 2. The hammer is caused to strike and fly back. 8. The damper 
is replaced the instant the Anger is lifted from the key. It will be evident that the prime require¬ 
ment of the action is instantaneous response to the pressure of the finger, noiseless and certain 
operation; and besides this, it must consist of the fewest possible number of parts. 

Fig. 8376 represents the Stein way upright piano action, the operation of which is as follows: 
On pressing the key, the riser A is Ufted, thus raising the inner end of the pivoted jack-bed B. To 
the jack-b^ is secured the jack, the upper end of which abuts against the leather-covered shoul¬ 
der on the hammer- 
butt C. To this butt 
is attached the ham¬ 
mer 2>, which is thus 
thrown forward 
against the string. 

Connected to the 
jack-bed is the fly 
which touches the 
damper-trip E, 

This connects by a 

rod with the damper F, It will be seen that the effect of pushing down the key is first to remove 
the damper from the string, and then to throw forward the hammer. The hammer immediately 
recoils, but is held from coming back to its normal position so long as the key is held down by the 
back-catch hunter coming in contact with the back-catch which moves up to meet it. The ham¬ 
mer is thus held from vibrating as long as the key is held down; but the moment the key is released, 
the hammer falls back against the hammer-rest H, 

Fig. 8376 represents the Steinway repetition grand action, and also shows a section of the tubular 
frame referred to farther on. 

Fig. 3877 represents the form of upright action made by Messrs. Dunham k Sons of New York. 

Its construction, which is notably simple, will 
be easily understood from the engraving. 

There is scarcely any portion of the piano 
in which more accurate work is required in 
the construction than the action. It is com¬ 
posed, as already indicated, of a large num¬ 
ber of parts, but not one of these can be 
slurred over or imperfectly made. The wood 
used is apple, holly, and maple, cedar being 
employed for hammer-stems in the upper 
notes, where lightness in the movement is 
essential. As each note has special mechan¬ 
ism, it follows that any complete action con¬ 
sists in the seven-octave piano of 88 individ¬ 
ual actions—88 hammers, 88 jacks, etc., etc.; 
and consequently there is occasion for a large 
number of pieces to be made exactly alike. 
The method in which this is done will be 
readily understood by taking hammer-heads 
as an example. A strip of wood is passed 
through a moulding machine, and is thus 
form^ of a cross-section of the shape of the 
head (see Fig. 8878). It is then sawed into 
pieces of the proper width of each head. 
These pieces are secured side by side, and 
while they are thus held the felting which is 
to cover them is glued on in a continuous 
strip. In the Steinway factory the felting is 
cut as shown at B in Fig. 8879, and the ham¬ 
mers are placed over it as at A. The ham¬ 
mers are then forced down by a screw-press, 
and at the same time the felting is brought up 
around the sides of the hammers, which are 
left in the press until the paste is dry, after 
which the felting is divided, separating each 
hammer with its covering. Hammer-butts 
are made in precisely the same way. There 
are a number of operations performed on the 
parts of an action which it is hardly possible to describe in detail. Ingenious ^ring lathes are 
used for drilling the pivot-holes, and these last are bushed with felting. A special machine has been 
devised for drilling a bearing from opposite sides simultaneously, so as to avoid the minute inaccu¬ 
racy due to the possible bending of a drill hardly three-quarters of an inch in length in passing 
through the wood. One workman inserts the springs, another the pins, and thus the labor is dif¬ 
ferentiated down to a remarkable degree—a necessary consequence of the repeated handlings the 
material has to go tbrongh. Some idea of the variety and number of the manipulations may be 
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gleaned from the fact that the handlings of the parts of a complete upright piano action aggregate 
some 27,000. 

The best felting used for hammerdieads, etc., is made of Silesian wool, and is prepared in sheets 
of about 30 X 40 inches in dimensions. Each sheet is made varying in thickness from 1 inch to one- 
eighth of an inch. A strip cut across the bevel of the sheet thus gives the different thicknesses 
applicable to a complete set of hammers, the hammers for the bass notes having the thickest cover¬ 
ing. The reason of this is obvious when it is remembered that the increasing weight of the hammer 
allows of a harder blow being given, and thus of the heavy strings being thrown into more prompt 
and perfect vibration. There are always two, and in many cases three coverings on a hammer-heaicL 
The first is of hard felt, the second of soft white felt, and the third, found most frequently in square 
pianos, is of a finely dressed buckskin. The best felt is now made in America. 

For supporting the action, instead of using wooden bars, in the Steinway pianos brass tubes filled 
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with wood are employed. This combination is claimed to give increased strength, and to be un¬ 
changeable by atmospheric influences. The tubes are soldered to metal hangers iq upright actions, 
and to metal standards in the grand action, as shown in Fig. 3380. 

The Keys are made of pine boards cut in lengths suitable to the form of piano under construc¬ 
tion, and then jointed edge to edge. The dimensions of the composite board thus prepared must in 
width be exactly equal to the proposed length of key-board, and in length sufficient to extend back 
under the action. The middle boards of the piece have a grain running directly crosswise the piano, 
from front to back. The boards at the sides are jointed at an angle, so that their grain runs in 
diverging directions. This board is first carefully examined to see that the joints are perfect, and is 
then marked off, the narrow front portion into keys exactly as they appear in ivory on the piano, 
and the wider rear part to continuations of the same. It passes to a workman, who glues a strip of 
ivory along the front edge. A second operative then similarly attaches the pieces of ivory on the 
upper surface, which form the wide front portions or heads of the white keys (outside the line of 
black keys); and when this is diy, he applies the narrow strips which form the rear or **tails” of 
the same. The beat wood for key-boards is the American white clear pine. Holes are then made 
in the board for the pins on which the keys balance, and then the entire board is cut up into the 
several keys. Upon those of the latter which are to be black or upper keys of the scale, pieces of 
ebony are glued. The completed set of keys is then adjusted on the pins already inserted in the 
base-board upon which they are to rest in the piano, and each key is carefully balanced, so that the 
distance each will descend when pressed by the fingers shall be the same. 

Assembling and Tone-regulating. —The various portions of the piano as described are all assembled 
under the hands of the finisher. This workman adjusts the action, and cuts down the felting on the 
hammer-heads, so that their easy working is secured. The instrument is then trimmed, and at this 
time the pedals are inserted. The action of the two pedals is as follows: In the grand piano, the soft 
pedal shifts the key-board and associated hammers in such a way that each hammer acts on two of 
the wires corresponding to it, instead of on the complete set of three wires. In upright pianos, the 
same pedal moves the hammer-rail nearer to the hammer, so that the latter is carried nearer to the 
string, and hence does not strike it with so forcible a blow. In the square piano, the soft pedal 
controls a bar to which are secured pieces of felt—or buff stops—^which by its action are brought 
forward so as to come between hammer and string, and thus deaden the blow of the hammer. Aie 
loud pedal in all pianos simply raises the dampers from the strings. In the Steinway piano a third 
pedal, known as the sostenuto or tone-sustaining pedal, is employed, which consists simply of a hori¬ 
zontal flanged bar which is rotated on its axis by the pressure upon the pedal. The effect of rotating 
the bar is to cause its flange or projecting portion to engage with and hold up from the strinn such 
dampers as may be raised by the player pressing upon the keys, the tones corresponding to wnidi he 
wishes prolonged, and which leaves both hands free to play other notes. 

After the piano is, as it were, put together, it passes to the hands of the toner, and by his ma¬ 
nipulation of the hammer-heads it is given a singing, resonant quality of tone. This is done in various 
ways. When it is desired that the felt on the hammer-heads shall be softer, needles are used to 
prick it up. In square pianos, small pieces of fine leather are glued over the felt. (Generally a 
skillful toner can produce any desired quality of tone, ranging between one that is soft and singing 
and one that is hard, sharp, and brilliant. Before toning, the instrument is carefully examined and 
regulated. During all the processes following the stringing the piano is frequently tuned, and, in 
fact, it is thus treated both before and after passing into the hands of each workman. After toning, 
the piano is again inspected, and then in complete form is sent for a thorough final examination by 
an expert. The repeated tunings have by this time brought the strings down to firm bearings, and 
the mechanical portions have become well settled and adjusted to their places, so that nothing remains 
to be done but to subject the instrument to a general scrutiny for defects which may have escaped 
previous notice. If any are found, the piano is returned to the proper workmen, and the faults are 
corrected. If none are noted, it receives a final tuning, and is sent to the warcrooms. G. H. B. 

PICKAXE. See Axes and Mine Appliances. 

PILE-DRIVING MACHINES. In all cases, whether manual or steam labor is employed, the pile 
is driven by a blow which is given by a ram or monkey. The sinking of the pile depends on oondl- 
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tions of tenacity and consolidation of the ground into which it is driven, and these are too varied and 
complicated to be capable of general expression. The following table has been calculated according 
to the laws of falling bodies (see Dynamics), showing in one column the time of descents in seconds 
of any ram falling from 1 to 40 ft, and in the other the force in tons with which a ram weighing 1 
ton w^ strike in falling from the same height. The force of the blow given by a ram of any otW 
weight than 1 ton may be ascertained by this table, by multipljring the number in the column headed 
Force in Tons by the weight of the ram. Thus, if it is requir^ to determine the force of a blow 
given by a ram of 16 cwt. falling from a height of 80 ft., opposite 80 we find the tabular number 
48.9; hence, 16 x 48.9 = 702 cwt = 36 tons 2 cwt, the force required. 
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Opinions vary as to the best weight of ram. A heavy ram with a short fall, however, is to be pre¬ 
ferred to a light one with a long fall, the latter being more likely to split the pile; the blow given by 
the former is more solid, and, having a shorter fall, the blows are delivered quicker. In machines in 
which the ram is raised by hand, it is not advisable to use one of greater weight than 1^ ton, as it 
then becomes unwieldy. Generally, however, the weight of the ram should be proportional to the 
sectional area of the pile to be driven. Piles having a diameter of 10 to 14 in. require to be driven 
with a ram weighing from 1,000 to 1,700 lbs. Sheet piles, with a breadth of 9 in. and a thickness 
of 3 or 4 in., require a ram weighing from 1,000 to 1,700 lbs. The weight of a ram required for a 
pile of any ^ven dimensions with a certain ifall may be determined from the following equations: 
Let /^equfd the height of the fall in feet, W the weight of the ram in pounds, B the breadth and 7'the 
thickness of the pile in inches. Let L represent the length of the pile in feet and Wi its weight in 

~ ^ square, put- 

o n 1 Ij / X IP \ 

ting S for the length of one of the sides in inches, the formula becomes ]P= f ^ ^ )• 

By the same formula, by simple inversion and reduction, the value of or the fall proper for a 
given weight of ram, can also ascertained. 

Steam is almost exclusively used as a means for raising the ram in modem pile-driving machines. 

Tlu Nasmyth Pile Driver^ Figs. 8881, 8382, and 8383, is an example of this class of apparatus. 
Fig. 3381 is a front and fig. 8882 a side elevation, and fig. 3388 a sectional view. A is the platform 
on which the machine is erected, formed of massive timbers and secured by iron brackets in which 
locomotive wheels a are fitted to work upon rails disposed parallel and close to the line of piling on 
which the machine is desired to operate. C is the vertical guide-^le, bolted to one side of the platform 
and counterbalanced by the boiler placed at the other side. 2) is a strong timber support, and h b 
are adjustable stays. On the summit of the upright C are the brackets which carry a chain-pulley 
over which works the chain c, one end of which is passed round a barrel worked by the engine, and the 
other end is attached to the pile-driving apparatus. The driving engine consists of a cylinder F^ fig. 
3383, bolted to the pile-case O. The interior surface of the latter serves as a guide for the hammer- 
block, while it is itself guided along the upright C by pieces d, which embrace the projecting slips of 
iron e bolted in front of the upright throughout its entire Icn^h. The lower end of the pile-case is 
open, to admit the head of the pile, and is furnished with cast-iron jaws bolted to its interior sur¬ 
faces ; these are so formed as to rest upon the shoulders of the pile which, if we suppose the chain- 
barrel to be left free to revolve, thus becomes the sole support for the weight of the whole mass of 
the driving apparatus. By these arrangements it will be seen that as the pile is, by successive steps, 
forced into the ground by the action of the hammer (the chain-barrel being thrown out of gear with 
its driving apparatus during the process), the pile-case with all its appendages, weighing about three 
tons, is left at liberty to bear upon the shoulders of the pile, and follow down along with it, while at 
the same time, and by the same means, the pile itself is guided into a vertical course. 1 is the steam- 
boiler, J the steam-dome, and K the jointed steam-pipe leading to the cylinder F. Referring to Fig. 
8388, L is the steam-valve chest, within which is the D-valve k ; Ms the exhaust-port. At m are 
numerous small holes in the cylinder to allow of escape of steam in case the piston should rise 
above them and thus reach too great a height. M is the piston; JVis the piston-rod, having at its 
lower extremity an enlargement n for the purpose of affording means for a slightly elastic connec¬ 
tion by bard-wood washers, between the piston-rod and hammer-block. O is the hammer-block, con- 
rtsting of a rectangular mass of cast iron weighing 30 cwt., and adapted to slide freely within the 
pile-case O, At its upper extremity is a recess in the form of an inclined plane o o, for the pur- 
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pose of acting upon the Talve-lever so as to permit the escape of steam after it has raised the ham¬ 
mer to a sufficient height. P is the hammer fitted to the block by a wrought-lron key o. Q is the 
latch-lever. /> is a small solid piston working in a cylindrical part of the valve-chest, and attached 
to the valve by a short connecting-rod. Its under surface is constantly acted upon by the pressure 
of the steam within the valve-chest, so as to cause the steam-valve to assume the position indicated 

8381. 8382. 



in Fig. 8883, unless counteracted by a superior force, q is the valve-spindle; r, the valve-lever; «, 
the trigger, the function of which is to keep the steam-valve in such a position as to prevent the 
admission of steam into the cylinder during the descent of the hammer-block; the parallel bar against 
which the latch-lever acts at the termination of the stroke, for the purpose of releasing the valve- 
spindle from the trigger, in order to allow the steam to be admitted for a fresh stroke; a, the {paral¬ 
lel-motion bell-cranks; and v, a buffer-box for restricting the travel of the valve. The inanhl«#> |s 
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rendered locomotive bj the horizontal engine Jl, which oommunicatea with the supporting wheels by 
suitable gearing. Fig. 3361, is the pile, shown suspended by the chain d and ready to come 
under the action of the driving machinery, which is as follows: 

The pile-case G (7, with its attached machinery, is lowered down over the head by reversing the 
small engine R, so that the jaws / / rest upon the shoulders of the pile, which sinks down into the 
ground by the effect of the superincumbent weight, till it has reached soil sufiBciently firm to support 
it; this is indicated by the chain c c becoming slack. The pinion y is then thrown out of gear, and 
the steam is admitted into the driving-cylinder F by turning the handle t. The hammer-block O is 
by this means raised till the inclin^ plane o' o", coming in contact with the valve-lever r, causes 



the valve k to assume a position which allows the steam which had served to raise the hammer to 
blow out into the air, and the hammer descends and discharges its momentum in the form of an 
energetic blow on the head of the pile. During the descent of the hammer-block, the steam-valve 
is retained in its proper position by the action of the trigger « ; but by the effect of the concussion 
npon the head of the pile, the valve-spindle is relieved from contact with the trigger, and the steam- 
valve assumes the position indicated in Fig. 8383, in which circumstances the steam is allowed to act 
freely under the piston, for the purpose of again raising the hammer. 

The ordinary form of pile-driver used for sinking short piles for building foundations consists 
simply of an upright guiding-frame for the hammer or ram, as shown in Fig. 8884. The hammer is 
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grasped by tongs shaped as shown in Fig. 8885, the upper arms of which, when the hammer is raised 
to the top of the frame, enter between inclin^ planes, as shown in Fig. 3886. The arms are thus 
brought together, causing the lower jaws to open and release the hammer, which descends upon 
the pile. The lifting is done by a small engine, to the barrel of which the hoisting rope is taken 
after being led over a pulley at the summit of the frame. 

8haw*6 Gunpowder PtU-Driver is represented in Fig. 8387, in sectional eleyation and plan. M is 
a mortar of cast steel, and N a cast-iron weight. The piece M is elliptical in section, as shown, and 
embraces the head of the pile by a recess in its lower part. In the upper part is a cylindrical open¬ 
ing in which the charge is placed. The diameter of this opening is 5| in., and its depth 24| in. 
The weight is cylindrical, with a recess in the upper part 8^ in. in diameter and 21 f in. deep. It 
carries below a wrought-iron rod, terminating in a piston with steel rings P, making a tight fit in the 
mortar M. In the under part of the cast-iron cross-piece T of the frame is fixed a second piston O, 
corresponding to the opening in the weight N, The brake employed for stopping the latter is com* 
posed of a T-iron P, 3^ in. by 2,\ in. by seren-sixteenths of an inch, with planed faces, held in 
position by parallel jointed levers L, and moving upon the supports fixed to the bracing of the main 
beam. The weight is adapted on its rear face to receive the action of the brake, which is worked 
from below by a lever brought down to the carriage. The total weight is about 6 tons. The ma¬ 
chine is worked by two men, one for controlling it, and the other for introducing the charge. Six or 
eight workmen arc also required to handle the piles and move the machine. The weight N being 
suspended so high* that the plunger has at least 89 in. elevation above the mortar which rests on 
the pile to be driven, the man working the brake gives the order to fire. On this, the second at¬ 
tendant places the charge in the mortar, the brake is released, and the weight falls. On the arrival 
of the plunger Pin the mortar, which it fits closely, the air is compressed, forming an elastic cushion, 
the action of which is exerted on the pile, and helps to drive it by pressure. The air, thus compressed 
from 20 to 25 atmospheres, is heated sufficiently to ignite the charge. Then to the force of the ex¬ 
plosion has to be added that due to the expansion of the gases, and the pile is forced downward, but 
without any shock. 

A full description of this apparatus will be found in Engineering^ xxi., 409. Sec also article 
“ Pile-Driver,” in Spends “ Dictionary of Engineering,” and a series of papers on the “ Cost of Driv¬ 
ing Piles,” Engineering^ xxiii. For general data on pile-driving, see Rankine's Civil Engineering.” 
As to use of piles for foundations, see Foundations. 

PILLOW-BLOCKS. See Pedestals. 

PINCERS. See Forging. 

PISTOL. See Fire-Arms, Construction of. 

PISTONS. A piston or plunger is a sliding piece which is either driven by fluid-pressure, or acts 
against fluid-pressure as a resistance. Pistons and plungers are commonly circular in section, and are 
guided by cylindrical bearing surfaces so as to reciprocate in a straight path. Other forms of piston 
are occasionally used. A jmnger is a single-acting piston—that is, a piston receiving the action of 
the fluid on one face only; and it is guided, not by the cylinder itself, but by a stuffing-box in the 
cylinder-core. The bearing surface of the plunger, therefore, requires to be longer than the stroke. 
A large hollow piston-rod is termed a trunk. The pistons of pumps are often termed buekeU, 

A piston may be simply turned to fit the cylinder accurately; but, however good the fit at first, 
the wear of the cylinder and piston will gradually enlarge the clearance between them, and the leak¬ 
age will steadily increase. If a series of recesses are cut aroimd the piston^s dreumferenoe, the 
leakage for any given width of clearance space is less, because the fluid loses its energy of motion at 
each sudden enlargement of the section of the annular space between the piston and cylinder through 
which it is escaping. Pistons of this kind are used for quick-running pumps, where a small leakage 
is not very prejudicial. In early forms of pistons iron packing-rings were employed, forced out by 
hemp packing behind them, which packing was tightened by a projecting lip on the follower. The 
rings in modem practice are commonly set out by flat steel springs, which are either adjustable by 
set-screws, or have sufficient elasticity to act without adjustment. In cases where the springs are 


8388. 


8389. 




' adjustable by set-screws, great care is necessary in setting out the rings, since this operation is 
generally performed when the cylinder is cold, and the rings expand considerably when heated. In 
some instances, as in the piston of the Porter-Alien engine, no springs arc us^, the only pacldng 
consisting of light rings, set out by their own elasticity. In another form of piston the packing- 
rings are set out by the pressure of steam, which is admitted to the interior of the piston. 
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In Wheelock’s piston-packing, Figs. 8388 and 8889, which is largely used in this country, the 
rings are in sections, joined in such a manner, as is claimed by the inventor, that they can adjust 
themselves and work without leaks in cylinders that have become worn and have irregular sections. 

In hydraulic pistons, cup-leathers are frequently employed. The fluid-pressure acting on the flexi¬ 
ble leather cups, aided by their own elasticity, makes an exceedingly stanch joint, whatever the pres¬ 
sure may be. The cup-leathers are usually so arranged that one acts when the piston moves in one 
direction, the other when the piston travels in the reverse direction. 

The following formula^ are given by Unwin (“Elements of Mechanism,’’ London, 1877) for the 
strength of pistons of wrought and cast iron, regarding them as simple metal disks supported at 
the centre and uniformly loaded. The thickness would be = .0051 dVP lot wrought iron, and 
.0083 dV P for cast iron; in which expressions P = greatest difference of the pressures on the two 
sides, estimated per unit of area, and d = diameter of the piston. R. H. B. (in part). 

PLANES. The chisel, when inserted in one of the several forms of stocks or guides, becomes the 
plane, the general objects being to limit the extent to which the blade can penetrate the wood, to 
provide a definitive guide to its path or direction, and to restrain the splitting in favor of the cutting 
action. In general, the sole or stock of the plane is in all respects an accurate counterpart of the 
form it is intended to produce. Although convex surfaces, such as the outside of a hoop, may be 
wrought by any of the straight planes applied in the direction of a tangent, it is obvious that the 
concave plane would be more convenient. For the inside of the hoop, the radius of curvature of the 
plane must not exceed the radius of the work. For the convenience of applying planes to very 
email circles, some are made very narrow or short, and with transverse handles, such as the plane 
for the hand-rails of staircases. The sections of planes are also either straight, concave, convex, or 
mixed lines, and suited to all kinds of specific mouldings, but we have principally to consider their 
more common features, namely, the circumstances of their edges and guides: first, of those used 
for flat surfaces, called by the joiners bench-planes; secondly, the grooving-planes ; and thirdly, the 
moulding-planes. The various surfacing planes are nearly alike as regards the arrangement of the 
iron, the principal differences being in their magnitudes. Thus the maximum width is determined 
by the average strength of the individual, and the difficulty of maintaining with accuracy the recti¬ 
linear edge. In the ordinary bench-planes the width of the iron ranges from about 2 to 2^ inches.* 

The lengths of planes are pnncipally determined by the degree of straightness that is required in 
the work, and which may be thus explained: The joiner’s plane is always either balanced upon one 
point beneath its sole, or it rests upon two points at the same time, and acts by cropping off these 
two points, without descending to the hollow intermediate between them. It is therefore clear that, 
by supposing the work to be full of small undulations, the spokeshave, which is essentially a very 
ikori plane, would descend into all the hollows whose lengths were less than that of the plane, and 
the instrument is therefore commonly used for curved lines. But the greater the length of the plane, 
the more nearly would its position assimilate to the general line of the work, and it would succes-. 
sively obliterate the minor errors or undulations; and provided the instrument were itself rectilinear, 
it would soon impart that character to the edge or superficies submitted to its action. The following 
table may be considered to contain the ordinary measures of surfacing planes: 


NAMES OF PLANES. 
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The succession in which they are generally used is the jack-plane for the coarser work, the trying- 
plane for finer work and trying its accuracy, and the smoothing-plane for finishing. 

The leading difference between the jack-plane and the trying-plane is in the shape of the iron, as 
shown in Figs. 3390 and 8391. If the iron of the jack-plane be looked at from the front end of the 


8890. 8391. 



plane, the form of the edge is seen to be curved, as in Fig. 3390; but the iron of the trying-plane is 
straight, as in Fig. 3891. Upon the curvature of the edge depends the eflBcient action of the jack. 
In using the jack, the convex sharp edge is pushed along a horizontal plank, penetrating to a depth 
determined by the projection of each vertical section below the sole of the plane. The ends of this 
convex edge are actually within the box of the plane; consequently (sidewise), all the fibres are 
separated by cutting, and are therefore smooth and not tom. The effect of this upon the entire sur- 

• Tha **‘irork^ is scarcely a proper name for the plane-iron^ which Is a cutier or blade, composed partly of Iron and 
steel; bat no confusion can arise ffom the IndlscrimiaAte use of any of these terms. 
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face is to reEder it irregularly corrugated. It becomes, as it were, a series of valleys and separating 
hillocks, the valleys being arcs from the convexity of the tool, and the separating hillocks the inter- 
sections of these arcs. To remove these lines of separation is the object of the trying-plane. This 
is longer than the jack, because the sole of the plane, which is level, is, so far as its size goes, the 
counterpart of that which the surface of the wood is to be; further, the trying-plane should be 
broader than the jack, because its object is to remove the valleys and not to interfere with the wood 
below the bottoms of the latter. The result therefore of the trying-plane following the jack is, first, 
to remove all the elevations left by the jack; and second, to compensate by its great length for any 
want of lineal truth consequent upon the depth of bite of the jack. 

The mouth of the plane is the narrow aperture between the face of the iron and the wear or 
face of the mortise. The angle between these should be as small as possible, in order that the wear¬ 
ing away of the sole, or its occasional correction, may cause but little enlargement of the mouth of 
the plane; at the same time the angle must be suflScient to allow free egress for the shavings, other¬ 
wise the plane is said to choke. In all the bench-planes the iron is somewhat narrower than the 
stock, and the mouth is a wedge-formed cavity; in some of the narrow pianos the cutting edge of 
the iron extends the full width of the sole, as in the rebate plane. 

The amount of force required to work each plane is dependent on the angle and relation of the 
edge, on the hardness of the material, and on the magnitude of the shaving; but the required force 
is in addition greatly influenced by the degree in which the shaving is heni for its removal in the 
most perfect manner. The spokeshavc cuts perhaps the most easily of all the planes, and it closely 
assimilates to the penknife; the angle of the blade is about 26”, one of its planes lies almost in con¬ 
tact with the work, the inclination of the shaving is slight, and the mouth is very contracted. The 
spokeshave works very easily in the direction of the gitiin, but it is only applicable to small and 
rounded surfaces, and cannot be extended to suit large flat superficies, as the sole of the plane cannot 
be cut away for such an iron, and the perfection of the mouth is comparatively soon lost in grinding 
the blade. Plane-irons are usually ground at the angle of 26”, and sharpen^ on the more refined 
oilstone at 36”, so as to make a second bevel or slight facet; the irons so ground are placed at the 
angle of 46”, or that of common pitch ; it therefore follows that the ultimate bevel, which should bo 
very narrow, lies at an elevation of 10” from the surface to be planed. In the planes with double 
irons, the top iron is not intended to cut, but to present a more nearly perpendicular wall for the 
ascent of the shavings; the top iron more effectually hreaka the shavings, and is thence sometimes 
called the break-iron, Kow, therefore, the shaving being very thin, and constrained between two ap¬ 
proximate edges, it is as it were bent out of the way to make room for the cutting edge, so that the 
shaving is removed by absolute cuttingy and without being in any degree split or rent off. 

Some variation is made in the angles at which plane-irons are inserted in their stocks. The spoke¬ 
shave is the lowest of the series, and begins with the small inclination of 26” to 30”; and the gen¬ 
eral angles and purposes of ordinary planes are nearly as follows : Common pitchy or 45® from the 
horizontal line, is used for all the bench-planes for pine and similar soft woods; York pitchy or 60” 
from the horizontal, for the bench-planes for mahogany, wainscot, and hard or stringy woods ; mt'd- 
dle pitchy or 66”, for moulding-planes for pine, and smoothing-planes for mahogany and similar woods; 
half-pitchy or 60”, for moulding-planes for mahogany, and woods difficult to work, of which bird’s- 
eye maple is considered one of the worst. 

Boxwood and other close hard woods may be smoothly acrapedy if not cut, in any direction of the 
grain, when the angle constituting the pitch entirely disappears; or with a common smoothing-plane, 
in which the cutter is perpendicular, or even leans slightly forward. This tool is called a acraping* 
planey and is used for scraping the ivory keys of pianofortes, and works inlaid with ivory, brass, and 
hard woods; this is quite analogous to the process of turning the hard woods. The cabinet-maker 
also employs a scraping-plane, with a perpendicular iron, which is grooved on the face, to present a 
series of fine teeth instead of a continuous edge; this, which is called a toothing-plancy is employed 
for roughing and acratching veneers, and the surfaces to which they are to be attach^, to make a 
tooth for the better hold of the glue. The smith’s plane, for brass, iron, and steel, has likewise a 
perpendicular cutter, ground to 70” or 80”; it is adjusted by a vertical screw, and the wedge is 
replaced by an end screw and block. 

It IS well known that most pieces of wood will plane better from one end than from the other, 
and when such pieces arc turned over they must be changed end for end likewise. The plane work¬ 
ing udth the grain would cut smoothly, as it would rather press down the fibres than otherwise; 
whereas, against the grainy it would meet the fibres cropping out, and be liable to tear them up. 
The workman will apply the smoothing-plane at various angles across the different parts of sn^ 
wood according to his judgment; in extreme eases, where the wood is very curly, knotty, and croas- 
gmined, the plane can scarcely be used at all, and such pieces are finished with the steel scraper. 
This simple tool was originally a piece of broken window-glass, and such it still remains in the bands 
of some of the gun-stock makers; but as the cabinet-maker requires the rectilinear edge, he employs 
a thin piece of saw-plate. The edge is first sharpened at right angles upon the oilstone, and it is 
then mostly burnished, either square or at a small angle, so as to throw up a trifling burr or wire- 
edge. The scraper is held on the wood at about 60”, and as the minute edge takes a much slighter 
hold, it may be used where planes cannot be well applied. The scraper does not work so smoothly 
as a plane in perfect order upon ordinary wood ; and as its edge is rougher and less keen, it drags 
up some of the fibres, and leaves a minute roughness, interspersed with a few longer fibres. 

We may plane across the grain of hard mahogany and boxwood with comparative facility, as the 
fibres are packed so closely, like the loose leaves of a book when squeezed in a press, that they may 
be cut in all directions of the grain with nearly equal facility, both with the flat and moulding planes. 
But the weaker and more open fibres of pine and other soft woods cannot withstand a cutting edge 
applied to them parallel ucith tlieniadvcay or laterally, as they are tom up, and leave a rough onfin- 
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ished surface. The joiner uses therefore for soft woods a very keen plane of low pitch, and slides 
it across obliquely, so as to attack the fibre from one end, and virtually to remove it in the direction 
of its length; so that the force is divided and applied to each part of the fibre in succession. The 
moulding^planes cannot be thus used, and all mouldings made in soft wood are consequently always 
planed lei^thwise of the grain, and added as separate pieces. As however many cases occur in car¬ 
pentry, in which rebates and grooves arc requii^ directly across the grain of pine, the obliquity is 
then given to the iron, which is inserted at an angle, as in the skew-rebate and fillister, and the 
stock of the plane is u^ in various ways to guide its transit. 

AdjiuiabU iron planes have very largely come into use in this country, and in many particulars 
are more convenient and effective than the wood-stocked tools. Three forms of Bailey’s adjustable 
planes are illustrated in Figs. 8892 to 8396. The plane-iron is fastened down to its bed by means 
of a lever and a cam operated by a thumb-latch, instead of being wedged in, as in the common 
bench-plane; and when thus fastened it can be readily set forward or withdrawn as desired by 
means of the thumb-screw, which is placed under the bed-piece and convenient to the right hand of 
the workman. Fig. 8392 is a jack and fig. 8898 a smooth plane. Fig. 8894 represents a circular 
plane provided with a flexible steel face, which can be adjusted into either convex or concave shape 

339a 



by means of thumb-screws at each end, so that the plane can be used upon curved work. In Figs. 
3395 and 8396 are represented two forms of adjustable block-planes. These are adjusted by a screw 
and lever movement, and the mouth can be opened wide or made close as the nature of the work 
may require. 

MoMing-Planes .—All the planes hitherto considered, whether used parallel with the surfaces, as 
m straight works, or as tangents to the curves, as in curved works, are applied under precisely the 
same circumstances as regards the angular relation of the mouth, because the edge of the blade is a 
ri^t line parallel with the sole of the plane; but when the outline of the blade is curved, some new 
oonditionB arise which interfere with the perfect action of the instrument. It is now proposed to 
examine these conditions in respect to the semicircle, from which the generality of mouldings may be 
considered to be derived. A small central portion may be consider^ to be a horizontal line; two 
other small portions may be considered as parts of vertical dotted lines; and the intermediate parts 
of the semicircle merge from the horizontal to the vertical line. 

The reason why one moulding-plane figured to the half-round cannot, under the usual construction, 
be made to work the vertical parts of the moulding with the same perfection as the horizontal, exists 
in the fact that, whereas the ordinary plane-iron presents an angle of some 45"* to 60** to the sole of 



the plane, which part is meant to cut, it presents a richt angle to the side of the plane, which part is 
not meant to cut. Thus, if the parts of the iron of the square rebate-plane, which protrude through 
the sides of the stock, were sharpened ever so keenly, they would only scrape and not cwf, just the 
same as the scraping-plane with a perpendicular iron. When, however, the rebate-plane is meant to 
cut at the side, it is called the side rebiue-planc^ and its construction is then just reversed; that is, the 
is inserted perpendicularly to the sole of the plane, but at a horizontal angle or obliquely to the 
*ide of the plane, so that the cut is now only on the one side of the plane, which side virtually 
becomes the sole. A second plane sloped the opposite way is required for the opposite side, or ihe 
planes are made in pairs, and are used for the sides of grooves and places inaccessible to the ordinary 
Kbate-plane. The square rebate-plane, if applied all around the semicircle, would be everywhero 
effective so long as its shaft stood as a radius to the curve, as then the angle of the iron would be in 
the right direction in each of its temporary situations. But in this mode a plane, to be effective 
throughout, demands either numerous positions of the plane, or an iron of such a kind as to combine 
these several positions. Theoretically speaking, therefore, the face of the cutter suitable to working 
the entire semicircle or bead would become a cone, or like a tube of steel bored with a hole of the 
same diameter os the bead, turned at one end externally like a cone, and split in two parts. 
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As all the imperfections in the actions of moulding-planes occur at the Tertical parts, there is a 
general attempt to avoid these difiBculties by keeping the mouldings flat, or nearly without vertical 
lines. For example, concave and convex planes, call^ hoUom and rounds^ include generally the fifth 
or sixth, sometimes about the third of the eircle; and it is principally in the part between the third 
and the semicircle that the dragging is found to exist; and therefore, when a large part of the circle 
is wanted, the plane is applied at two or more positions in succession. In a similar manner large 
complex mouldings often require to be worked from two or more positions with different planes. 



even when none of their parts are undercut, but in which latter case this is of course indispensable. 
And in nearly all mouldings the plane is not placed perpendicularly to the moulding, but at on angle 
so as to remove all the nearly vertical parts as far toward the horizontal position as circumstances 
will admit. 

Various forms of wooden moulding-planes are represented in Figs. 8397 to 8401. 

Kg. 3402 represents Traut’s adjustable plane, which consists of two sections: a main stock, with 
two bars or arms, and a sliding section having its bottom or face level with that of the main stock. 



The tool can be used as a dado plane of any width, by inserting the bit into the main stock and 
bringing the sliding section up to the edge of the bit. The two spurs, one on each section of the 
plane, are thus brought in front of the edges of the bit. A gauge on the sliding section regulates 
the depth to which the tool cuts. By attaching a guard-plate to the sliding section the tool is con¬ 
verted into a plough, a fillister, or a matching plane. 

Fig. 3403 represents a tonguing and grooving plane. The stock of this tool is made of metal, 
and it has two cutters fastened into the stock by thumb-screws. The guide or fence, when set as 




shown, allows both of the cutters to act; and the cutters being placed at a suitable distance apart, 
a tonguing plane is made. The guide or fence, which is hung on a pivot at its centre, may be 
swung around, end for end; thus one of the cutters will be covered, and the guide held in a new 
position, thereby converting the tool into a grooving-plane. A groove is cut to match the tongue 
which is made by the other adjustment of the tool. 

PLANING MACHINES, METAL. The duty of the metal-planing machine is to produce flat sur¬ 
faces on metal. Its essential parts are: a traversing table, on which the work is fastened; a bed, 
to receive said table and guide it in a right line; a cross-slide, to support the slide-rest carrying the 
tool; standards bolted to the bed and supporting ihe cross-slide; and the mechanical devices for 
feeding and regulating purposes. 

The principal features of difference, and in most cases of advantage, existing in American machines 
as compared with those of European makers, are: 1. The employment of two driving-belts, one for 
the forward and the other for the back movement; 2. Frictional or other devices for actuating feed, 
independent of the tappets on the carriage, which arc employed to shift the belts only; 8. Narrow 
driving-belts moving at a high speed to facilitate shifting or removing the carriage movement; 4. 
The arrangement of the gearing in machines having what is called rack movement, so that a large 
wheel instead of a small pinion is employed as a last mover. Nearly all American makers employ 
the rack-and-pinion movement; the Sellers machine, which is illustrated farther on, being the most 
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conspicuous exception. The gearing, and indeed all parts, have been increased in strength, and the 
racks and all wheels are in most cases cut. The advantage of two belts instead of one lies in the 
fact that the extra belt for running back is driven at double the speed of the one for cutting, and 
takes the place of what may be called the differential gearing which has to be employed on single¬ 
belt machines. The difference in the speed of movement is attained by pulleys of different diameter 
on the countershafts, so that the same pulleys and wheels on the machine answer for the forward 
and backward movement. In this way the amount of detail is greatly reduced; the weight of the 
reversible gearing is much less; and as belts are substituted for wheels, there is an absence of that 
noise and jar which is common to most machines operated with one belt. With two belts, the dis¬ 
tance they have to be moved in shifting is only one-half as much as for a single one; that is, with 
one belt a loose pulley must be introduced between the two driving-pulleys, so that the belt will not 
lodt the machine by being partially on both pulleys at a time. In the base of two belts, they are 
not shifted simultaneously, but one is moved before the other, so that intermediate loose pulleys are 
not required. 

Fric^onal Feeding Devieee .—^There are in use four plans of actuating the feeding-gear of planing 
machines, as follows: 1. By tappets on the carriage, the reversing and feed movement being accom¬ 
plished by the first mover; this is the common plan in European practice. 2. By clutches which are 
engaged and disengaged by positive mechanism. 8. Friction-clutches which maintain a constant 
torsional strain from right to left throughout the stroke of the machine. 4. Friction-clutches which 
are engaged and disengaged as soon as the feed-movement is performed, and consume no power when 
not acting. 

The tappet-feed baa nearly disappeared in American practice. Planing machines are ** handled,** 
as it is termed, mainly by means of the shifting gearing; that is, the table is stopped and started, 
moved forward or back in setting tools, and so on, by means of a handle operating the belt-shifting 
eyes. The overhead shaft is seldom stopped for any temporary purpose, and it is easy to see how 



ineonvenient It would be to have the feeding-gear combined with the shifting or reversing move¬ 
ments. (See FngvMerina^ xxii.: “ Machine Tools at the Centennial Exposition.*’) 

The Flanvig Mathine^ invented by Bodmer in 1841, and subsequently greatly improved by 

Messrs. WUliam Sellers & Co. of Philadelphia, is chiefiy notable for its meth^ of giving motion to 
the rack. This is imparted by a peculiar form of spiral pinion upon a driving-shaft, which crosses 
the bed diagonally. This machine is illustrated in a full-page engraving, and m Figs. 8404 to 8411. 
In addition to the peculiar mechanism above noted, one of its essential features is the employment 
of slide-rests for operating upon horizontal surfaces, while the ordinary slide-rest is working upon ver¬ 
tical ones. This not only effects a great saving of time, but insures that the finished su^aces shall 
stand at right angles, independently of any skill in setting the work. The table is furnished with a 
rack, which receives motion through a peculiar form of spiral pinion, A in the plan view. Fig. 8404. 
This is placed upon a driving-shaft wUch, as above stated, crosses the bed diagonally and passes 
oat in the rear <ff the upright, on the side where the workman stands. This shaft is driven from the 
pulley-shaft by means of the bevel-wheel and pinion C and D. By this simple driving arrangement, 
a very smooth and unifojm motion is imparted to the table; the pinion has four teeth, and is in 
fact a short piece of a coarse screw, the position of the teeth upon the same being like the threads 
of a screw of a steep pitch, and of a like number of threads to that of the teeth in the pinion. The 
driving-shaft revolves in bearings at both ends of the spiral pinion; these bearings are cast in the 
bed and connected by a trough surrounding the pinion, which trough is covered by caps under the 
rack, thus preventing chips and dust from reacldng the pinion; the oil placed upon these bearings 
can escape only into this trough, and furnishes sufficient lubricating material for the pinion and 
radc. The disposition of the driving-shaft and gearing, which is shown in Figs. 8404 and 8405, may 
be considered as an improvement over the frequently adopted plan of placing the driring-gear 
and pulley in front of the uprights on the side of the machine opposite to the attendant; in which 


Digitized by v^ooole 




















iM 


55 



Digitized by ^ooQle 



























PLANING MACHINES, METAL. 


651 


position these parts and the belts are apt to Interfere with the planing of pieces overhanging on that 
side of the table, and are out of reach of the operator. The transmission of motion to the table from 
a high-speeded belt is accomplished by a single pair of bevels, the larger of which may be easily 
made of such diameter relative to the pinion as to give the required reduction of speed and trans¬ 
mission of power without the intervention of gearing. 

The device for shifting the belt, shown in Fig. 3404, consists of a curiously-shaped lever Z, vibra¬ 
ting horizontally upon a fulcrum-pin placed between the fulcrums of the two belt-shifters M and 



the whole being supported upon an upward extension from the cap of the rear bearing of the pulley- 
shaft. The middle arm is provided on opposite sides with an internal and an external projection or 
tooth, these teeth meshing with corresponding notches and projections on the respective shifters; 
the teeth ilpon the middle lever arc relatively so disposed that the motion of one shifter is effected 
and completed before that of the other is commenced, which arrangement combines, with the least 
possible lateral motion of the belt in shifting, the important advantage of entirely removing the one 
belt from the driving-pulley before the other begins to take hold to reverse its motion. The shifting 
is thus effected with very little power, and the shrieking and undue straining of belts avoided. The 
variation of stroke of the table is obtained by means of the usual adjustable stops on the side of the 
table, which stops actuate the above-described shifting device by means of a double-armed lever and 
link connection. 

The usual screw and central feed-shaft are provided on the cross-head for transmitting either 
a horizontal or a vertical feed-motion to the planing tool in either direction. They receive a 
variable amount of motion for any required feed through a ratchet-wheel, fitted interchangeably to 
their squared extremities at the front end of the cross-head, where the ratchet-wheel is actuated 
by the toothed segment shown in Fig. 8405 at A. This receives at each end of the stroke the 
required alternate movement in opposite directions from a crank-disk B below, by means of a light 
vertical feed-rod. As shown in Figs. 8407 and 8408, the crank-pin on the feed-disk below is so 
arranged that its throw and amount of feed can be conveniently varied and adjusted during the cut¬ 
ting stroke of the table, while the machine is in motion. By means of an ingeniously-contrived 
double pawl and ratchet-wheel, deriving motion from a pinion on the front end of the pulley-shaft, 
the crank-plate is at each reversion of the stroke alternately moved a half revolution, and disengaged 
in either direction; fric¬ 
tion is only employed 
to throvr the pawl into 
gear at each change of 
motion, whereupon a 
positive motion of the 
crank-disk is kept up 
by the ratchet - wheel 
until the pawl is disen¬ 
gaged from the teeth 
of the ratchet-wheel by 
a positive stop. Figs. 

3409, 3410, and 3411 
show the construction of 
the cross-slide and main 
slide-rest. In nearly all 

modem planing machines the cutting tool is hung to what is called an apron, so adjusted as to allow 
the tool to swing loose on the back stroke of the planer-table, but to be held rigidly when cutting. 
In large planes, when the weight of the tool is great, and in all fine planing, this liberation of the 
tool is not sufficient of itself. In the present machine arrangements are provided whereby the tool- 
point can be lifted clear of the work on the back stroke, and dropped into place ready for the 
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cut after the article to be 
planed baa passed under it. 
This is effected by lifting 
the tool, in every position 
of the slide-rest, from with¬ 
in the cross-head, without in¬ 
terfering with any of the ma¬ 
chinery working the feeds, 
which occupy the centre, 
about which the adjustable 
part of the saddle rotates. 

An example of the ad^ 
tation of this planer to spe¬ 
cial uses is represented in 
fig. 8412, which is a ma¬ 
chine for planing connect¬ 
ing-rods and similar work. 
It is arranged with two sets 
of uprights and standards, 
with a double saddle on 
each cross-bead, carrying 
four cutting tools as shown, 
so that it may be employed 
to plane the four ends of 
two connecting-rods or four 
single bars or rods simul¬ 
taneously. The shortn^s 
of the uprights gives great 
rigidity. The mechanical 
contrivances for operating 
the table are the same as 
already described. 

The Fredand Tool Worka 
Planer, — Figs. 8413 and 
8414 represent a plan and 
front elevation of a plan¬ 
ing machine construct^ ly 
the Freeland Tool Works, 
New York. This machine, 
which is 8 ft. in width by 8 
ft. in height, is driven by 
two belts running at right 
angles to the line of the ma¬ 
chine on the pulleys shown 
—the belt on the large pul¬ 
leys driving the ^paratus 
while cutting, and the belt 
on the small pulley driving 
the reverse way. The pow¬ 
er is transmitt^ throu^ a 
series of spur- and beTel- 
gears to the main shaft, 
which extends across the 
machine and is firmly sup¬ 
ported in substantial bear 
ings. This shaft carries a 
Bohd V-pinion about 10 in. 
in diameter, which gears 
into a corresponding rack 
on the bottom of the table, 
and which, it is said, un- 
parts to the table a motion 
as steady and free from jar 
as if driven by a screw. 
The table is strongly ribbed, 
and has T-grooves and also 
square holes for plugs and 
bolts to secure the work by. 
The cross-slide has two load¬ 
ers which are entirely inde¬ 
pendent of each other, haT- 
ing up, down, and trans¬ 
verse feed-motions, and. 
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be adjusted to anj angle. The feed-motion is communicated bj a vertical rod on the side of the 
machine. The cross-slide is raised or lowered by power. A shaft on top of the cross-brace, having 
a pulley on one end, gears into the elevating screws and raises or lowers as desired. The beds of 
these machines are so constructed that, when necessary to accommodate very large work, one of the 
uprights may be shifted back from its usual position. Fig. 8416 represents the belt-shifting device 
used in connection with the above-described planer. 

FUmer^TooU .—^The cutting tools used in planers are similar to those employed for turning. (See 
Lathk-Tools, Tornino.) It is easier, however, in planing-tools, to conform to the principle of keep¬ 
ing the cutting edge level with the centre of the tool-steel, as shown in Fig. 84 IQ. The cutting edge 
of the tool may be di*agged much more in planer-work than in lathe-work, because the distance be¬ 
tween the cutting edge and the perpendicular line passing through the body of the tool is not of so 
much consequence. Tools having as much drag as is shown in Fig. 8417 are often employed. In 



cases where the tool is necessarily weak, and yet must be keen in order to make a clean cut, it is well 
to give it a front rake by curving the front face as shown on the grooving-tool. Fig. 8418. 

Power required for Metal-Planere. —^According to Hartig’s experiments, the power required to plane 

away cast iron is found by the formula P= W ^.0156 + qoq which P represents the power 

required, W the weight of cast iron removed per hour in pounds, and 8 the average sectional area of 
the shavings in square inches. 

For planing steel, wrought iron, and gtm-metal with cuts of an average character, the same authority 
gives: 

Planing steel.P= 0.112 W. 

Planing wrought iron..P = .062 W. 

Planing gun-metal. P= .0127 W. 

PLANING MACHINES, WOOD. These machines are designed for producing planed surfaces, 
and for reducing material to any desired dimensions. The methods of feeding the timber and of 
using the cutters vary with the character of the work to be done. Two principal classes of machines 
may however be recognized, viz.: those in which the table is moved by the feeding mechanism, and 
those having a stationary table, the feeding being accomplished by means of rollers. They may also 

be divided as regards the mode of cutting: one class having a horizontal arm with a cutter fixed in 

each end of it, the arm revolving over the timber as the latter is carried on the moving table; while 
in the second class the cutting is performed by a rotating cylinder carrying two or more knives. 

Surface-Planers are those which are primarily intended for smoothing, trimming, or squaring up 
lumber where it is desirable to have it perfectly out of wind. 

The Daniels or traverse planing machine cuts the surface at right angles to the grain of the wood, 
and belongs to the class in which the cutters are attached to the end of a rotating horizontal arm. 
An example of an improved machine of this class, devised by Mr. J. Richards, is given in Fig. 3419. 
The framing is of iron, and the carriage is of similar material with a wooden face. The timber is 
held to the carriage by the pivoted pawl shown at A and the wedge P. The two cutting tools, C and 
D, are attached to the horizontally revolving frame P, which is driven by the belt P. The pulley 
G is made long to accommodate the rise and fall of the cutter-head and frame P, to suit varying 
thicknesses of timber, the belt always maintaining its horizontal position notwithstanding the vertical 
hei^t of the pulley O. The pulley Q is carried by a vertical frame, which is adjusted for height 
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bj a screw operated through the medium of the hand-wheel the bevel-gears /, and the screw 
the last being attached to the frame. The feed provided is a rack and wheel beneath the fi’ame, and 
is capable of three changes. 

Another form of surface-planer is represented in Fig. 8420. This smooths but one side in its 
operation, the lumber passing between two pairs of rollers under the pressure-bars, and being gauged 
to an accurate thickness bj passing over a smoothly-finished table, which is adjustable to the re¬ 
quired thickness. The frame or column of the machine is a continuous casting, having the cross¬ 





pieces, sides, and bearings for the cylinder all combined in one piece, forming an indexible frame. 
The feeding-rolls arc geared and readily started and stopped while the cylinder is revolving. The 
table or platen is cast in one piece; it is provided with friction-rollers and adjusted by a hand-wheel 
and screws connected by bevel-gearing, and the thickness of the stuff being planed is indicated by a 
finger and graduated plate. The pressure-bars are arranged closely to the periphery of the cutting 
edge of the cylinder, the bar before the cut swinging from a centre as it rises to the thickness of the 
rough material, and after the cut being slightly flexible and adjustable to the wear of the different parts. 

Planers and Matchers. — Among 
planing machines, the Woodworth or 
horizontal rotating cylinder planer, 
with the combinations of pressure- 
rolls or bars for surface planing and 
vertical rotary heads for tonguing 
or matching and grooving, is nota¬ 
ble among the first in importance, 
for its present perfection of con¬ 
struction, and the speed with which 
it accomplishes its work. An exam¬ 
ple of a four-roll machine of this 
type, as manufactured by Messrs. J. 
A. Fay & Co., is given in Fig. 3421. 
This will surface up to 24 in. wide 
and 4 in. thick, and tongue and 
groove and match up to 14 in. in 
width. It has four feeding-rolls of 
large diameter, which will admit stuff 
4 in. in thickness. A weighting at¬ 
tachment is provided, which insures 
uniform pressure on the lumber with¬ 
out regai^ to the variations in thick¬ 
ness caused by uneven sawing. The 
cylinder carries three knives, and is 
fitted with three lips. 

The mode of operation and details 
of planers of this class will be un¬ 
derstood from the full-page plate of 
the Woods planer and matcher, and 
the sectional view of the same shown in Fig. 3422. -V represents a board or piece of wood, which 
is passed into the machine over the friction-roll R and the table 7"*. A* A* are the lower fcfd- 
rolls over which the l>oard pas.ses. A* yl* are the upper feed-rolls, which are actuated by expan^n 
gearing (Fig. 3425) in connection wdth the lower rolls, and which bear upon the surface of the board 
with an adjustable weighted pressure (shown in Fig. 3424), allowing them to be set at any length for 
the desired tliickness of lumber to be planed. B is the top cylinder, carrying three or more cutters 
and revolving at a speed of 3,000 or 4,000 revolutions per minute. C is the yiclding-hingcd pres- 
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in a similar manner after the surface has been planed. G is the under cylinder, which revolves in 
the opposite direction to the top cylinder, and carries cutters which act upon the under surface of the 
board, which is held down by the pressure-shoe J, II and //* are pressure-bars acting upon the 
same general principle as C and D. 

5 is a round bar extending across the 
machine, upon which slide the inatch- 
er-frames, containing spindles O, run¬ 
ning in boxes and /**, and carry¬ 
ing the head M. 

Each machine is provided with two 
sets of matcher-frames and -heads, 
which are adjustable across the ma¬ 
chine to any desired position, being 
moved by screws and rods extending 
to the work-end of the machine, where 
their position is indicated by scales 
and pointers and regulated at the will 
of the operator. Between these match¬ 
er-heads passes the board to have its 
edges tongued and grooved, the chip- 
breakers aV, Figs. 3422 and 3423, be¬ 
ing pressed against the edges in close proximity to the line of the cutters, and preventing the splin¬ 
tering or turning out of knots and cross-grained parts. 

Fig. 3426 represents a section of the top cylinder with bars, etc. Fig. 3424 shows the manner of 

connecting the top-cylinder boxes by a yoke run¬ 
ning underneath the bed of the machine (see 
Fig. 3422). The boxes on the top cutter-head are 
tied together by means of a yoke extending across 
and undemcatli the bed of the machine, thus giv¬ 
ing free access to set, reset, and sharpen the cut¬ 
ters. The object of having the boxes tied togeth¬ 
er is to keep them in line, and avoid cramping 
and twisting of journals. Fig. 3425 gives a per¬ 
spective view of the expansion gearing. 

The Jland-Ucdinrf Flaning Machine^ Fig. 3427, 
is largely employed for the simpler operations of 
the workshop. The revolving cutters arc upon a 
cutter-bar as shown. The face of the work to be 
planed is rested upon the face of the table. The 
table is composed of two parts, one in front and 
one in the rear of the cutter-bar. The work is 
placed on the front half of the table, which is 
adjusted in distance below the top of the circle 
described by the revolving cutters to regulate the 
amount of the cut. The back half of the table is stationary, with the plane of its surface in a right 
line with the top of the circle of motion of the revolving cutters. The object of this arrange¬ 
ment is as follows: The surface of the front table, upon which the work lies previous to its being 
fed to the cutters, acts as a 
guide in that operation; but 
after the work has passed 
the cutters, the part planed 
meets the surface of the rear 
table, which acts as a guide 
to the planed surface, and 
prevents the work from rock¬ 
ing upon the table, as it oth¬ 
erwise would do. The gauges 
shown upon the tables arc for 
guides to rest work against, 
and serve to regulate the an¬ 
gle at which the surfaces are 
planed. 

Planer .—The term 
pony-planer is applied to 
small planing machines. That 
shown in Fig. 3428 is expres.‘^- 
ly designed for fine work. 

The table raises and lowers 
to adjust the depth of the 
cut, and a scale of inches is affixed to the front of the machine to facilitate selling the table for the 
thickness of the work. It is provided with a belt-tightener, by means of which the belt is made 
to be tight upon the pulley, causing it to revolve and the machine to start; or, the belt running 
loose, the machine w ill stop. 
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Pwoer required for Wood-Planen ,—^In planing and moulding machines which are driven at higjh 
speeds, a large proportion of the total power is absorbed in driving the machine itself. The formula, 



according to Hartig, is (empty), P =-, in which P represents the total power absorbed, and N 

2000 

the sum of the turns per minute made by the several shafts. 

The net power required for moulding and shaping wood is given by the following formulas: 


P= .0566 + 


Bed Beech, using Gutters. 

.00781 

P =.08896 + 

h 


Bed Beech, using Cutting Disks. 
P=.0895 -f 9.138s. 


Here P = horse-power required to produce 1 cubic foot of shingles per hour, h = the height of 
wood cut down to form the moulding in inches, and s =: the average sectional area of the shavings 
in square inches. 

PLANOMETEU, or SURFACE-PLATE. This is a truly-surfaced metal plate used as a test for 
the production of other flat surfaces. By its aid the spring due to the pressure placed upon the 
work by holding it in the screwed-up jaws of a chuck, or by supporting in any other way with suf¬ 
ficient force to detain it against the pressure of a cutting tool held in a machine, may be detached 
and removed by subsequent manipulation performed when the surface-plate is at rest and not under 
such pressure. In surfaces cut by a steel tool there are always marks denoting projections and 
depressions, which are termed tool-marks; and in surfaces trued by grinding processes, the softer 
parts of the metal will grind away when the process consists of permitting one metal face to come in 
contact with the other, with a film of grinding material between. If the plate is operated upon 
by a revolving wheel, the surface will exhibit innumerable fine scratches, and the harder parts of 
the metal will become locally heated, causing local expansion ; so that it is an excellent wheel-ground 
surface that will show 6 per cent, of its area in actual contact when placed upon another smooth 
and truly-surfaced plate. The advantage of ground surfaces is, that the metal may be hardened 
with a view to resist the abrasion due to being rubbed upon other surfaces to test them. The usual 
method of producing true plane surfaces is to finish them with a scraper, removing with this to<d 
the parts which testing shows to protrude. The defect of this system is, that the surface formed by 
scraping consists of innumerable small hills and hollows, the tops of the hills being a true surface; 
but since the depths of the hollows are variable, the plate soon becomes untrue, because the bearing 
surface becomes locally increased where the hollows are the shallowest, and the wear on the increased 
surface is less than at other parts. 

To keep a surface-plate true, it is of the utmost importance that all the area covered by the work 
shall be in equal contact, because there is much more wear upon the middle than at and toward the 
edges of the surface. This arises from the practice of workmen to use the middle part of the sur¬ 
face more than the outer portions, especially when the plate is (as frequently is most convenient) 
balanced upon the work. As an improvement upon the scraping process, filing and polishing have 
been used to produce plane surfaces of great truth, smoothness, and finish. The rationale of thia 
process is as follows: All metal bodies become deflected by their own weight in sufficient dmee to 
be of practical importance in a surface-plate of even 8 inches square. The amount of the defiectiem 
will always depend upon the weight and disposition of the metal and position of its resting points. 
If we take a bar of steel, say 6 inches square and 86 inches long, and true its surface to a true 
plane, and then rest it upon a piece of wood placed beneath, midway its length, as in Hg. 3429, 
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it will deflect in the direction denoted to such a degree that a surface-plate applied to the upper sur¬ 
face will swing upon the centre and not touch at the ends at all. If, however, we place two 
pieces of wood beneath the plate, one at each end, contact will take place at the ends and not in the 
middle, showing deflection in an opposite direction. It becomes necessary then to provide in some 
way against this deflection. This is usually done as follows; Upon the ribs at the back of the 
Burfaoe-plate, shown in Fig. 8430, there are provided three small projecting lugs or feet Ty at A^ By 
Cy and upon these lugs the plate rests without rocking, even though the surface on which it stands 
be an uneven one. Thus, whatever sag or deflection the plate may have will always be in the same 
direction, and may therefore be allowed for in the truing process. The long ribs upon the back of 
the plate should be as near as possible in the line of strain between the three feet or lugs, and the 
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cross-ribs should be at equal distances apart. All the ribs should bo of a thickness equal to that of 
the plate itself, so that changes of temperature will cause the ribs aud plate to expand or contract 
equally. 

To obtun an original true plate, it is necessary to make three. These are shown in Fig. 8481, and 
are marked respectively 1, 2, and 8. At the outset a plate is selected which we will term No. 1, and 
to this a second plate. No. 2, is fltted. Then No. 1 is again employed as a standard whereby to fit 
No. 3 (not operating upon No. 2 at all). No. 8 is then tested by No. 2, and any error existing be¬ 
tween these two is proof of a want of truth in No 1. 

Suppose, for example, that, as shown in the figure. No. 1 is hollow; then No. 2, fitted to it, will be 
rounding. No. 8, also fitted to it, will also be rounding, and the two latter, put together as in the 
figure, will disagree to twice the amount that No. 1 varies from a true plane. When we have three 
such surfaces to begin with, it is of great importance, if possible, to select the truest plate of the 
three to take the position of No. I, b^usc it is accepted provisionally as a true surface. If, on the 
contrary, it is the least true of the three, fitting the other two upon it will operate to diminish their 
troth, and the operation will serve merely to show the want of truth in No. 1. To select the truest 
plate, the following is an excellent plan: A true straight-edge should be wiped quite clean and placed 
upon the surface-plate in various positions, as lengthwise, crosswise, and across the comers of the 
plate. While in each position, take hold of one end, and, without placing any vertical pressure upon 
it, move it laterally back and forth a little, say about 2 inches, to see where it takes a fulcrum on 
the surface of the plate. If the centre of its movement is at the centre of the surface-plate, then 
the surface of the plate is rounded, or highest in the middle; if it moves on the plate first most at 
one end and then most at the other, the surface is hollow; while if it moves with an irregular and 
shuffling movement, it denotes that the surface is as true as the straight-edge will test. There is, 
however, in this method of obtaining a true surface, an error which appears to have been formerly 
overlooked, because, while the bottom plate has a fixed point to rest upon, the top one has not. For 
example, in Fig. 3431, where No. 2 is shown resting upon No. 8, it is evident that No. 3 has its own 
weight and that of No. 2 also tending to deflect it, while No. 2 has also its own weight acting to deflect 
It in turn to fit No. 3. Suppose, however, that in Fig. 8432 the face of the plate A is hollow jto the 
one hundred thousandth of an inch. If another plate be rested upon it, though the latter be abso¬ 
lutely true, yet it will deflect to suit the rounded shape of A, and its deflection will be in an exactly 
opposite direction to the top plate No. 2 shown in Fig. 3431. Hence the direction of the deflection 
of the top plate varies as its point of hardest contact upon the bottom one varies in location. Were 
we to stand both plates on edge and true them with the faces standing vertical, neither plate would 
deflect, because the plane of the surfaces lies parallel to the line of deflection; consequently only 
the edges of the plate would show the deflection. But in this position we have removed the nature 
deflection of the surface of the bottom plate. This, even if true when stood on edge, would, when 
placed upon its feet with its face up, that is, in its natural position, deflect and be hollow. Either 
of the plates, however, would be true for use with the face downward, that is, as a top plate; and the 
natural conclusion is as follows: After the three plates are test^ interchangeably as described, two 
of them should be fitted together while tested standing on edge; and as much should be removed 
from one as from the other during the process. One of these two plates is next fitted to the third. 
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80 that when the last stands upon its feet face upward there will be apparentlj equal contact between 
the two all over the surface, and yet when stood upon edge the third plate roust appear to be round¬ 
ing. The third plate must be tested with the other of the two plates which were trued while stand¬ 
ing on edge; and when it shows to be roimding with cither of the other two plates when tested 
standing on edge, and yet true when tested as described with regard to Figs. 3431 and 3432, then 
we have allowed for the deflection, as near as can be, on the bottom or third plate only, when the 
same is standing upon its feet. It must be borne in mind, however, that this plate, if rested upon 
another untrue surface, will deflect to a certain amount in conforming to that surface. The new 
process referred to as adopted by the writer is thus described in the Scwniijic American: 

** The planed surfaces of the plates were draw-filed with the finest of files, the bearing-marks 
being removed with the high spots of the file only. Each file was chalked before being applied to 
the work, and then a few light strokes of the file were made; after which the teeth of the file were 
closely examined for the dark spots, which spots indicated which teeth stood the highest. Then only 
such parts of the file were used as showed the teeth in the middle of the width of the file to be cat¬ 
ting, and which were cutting without any action of the teeth beyond them after passing an area of 
teeth which were not cutting. By this means the file could be so used that the cutting teeth had 
contact with the part of the surface requiring to be filed, and yet no other part of the file was doing 
execution. After having, with a Grobet file, effaced all the marks made by the superfine smooth file, 
and fitted the plates until the marks showed evenly all over, No. 1 French emery-paper was applied, 
first lengthwise and then crosswise of the plate. The paper was wrapped, in not more than two 
folds, around the file, which was done to preserve the edges of the plate from becoming rounded 
from the action of the emery-paper. The next operation is to move the test plate upon the lower 
one, backward and forward as well as sidewise, until the marking spots which were at first dark 
have become bright through abrasion. The emery-papering process is to be continued until the file- 
marks are effaced all over the plate; while at the same time the test surface-plate marks are dis¬ 
tributed evenly all over, that is to say, in spots of about equal area and at equal distances apart.*’ 

The next process is to take a piece of Water-of-Ayr stone having a flat surface, and apply it well 
over the whole surface of the plates, the effect being to remove the fine high spots upon the polished 
surface, which are plainly seen with a magnifying glass. ^ 

“ To prevent the emery-paper from cutting in lines, it is moved in circles, say five-eighths of an 
inch diameter, and pressed firmly upon the plate upon the bright marking spots. After the whole 
of the marks left by the test have been operated upon in this manner, care being taken to operate 
more freely on those spots where the test-marks were the heaviest, the process is continued with No. 

1 French emery-paper, and subsequently with numbers 00, 000, and 0000, commencing by using the 
0 grade upon a file and rubbing it lengthwise and crosswise of the plate, and finishing by the piece 
of wood and circular motion. A fine film of oil is then to be placed upon the test-plate, which is 
then freely applied in order to give it a better bearing if possible; and the plates are well rubbed 
together and interchanged. Aher each grade of emery-paper the stone roust be applied to remove 
the little hillocks which, though not visible to the naked eye, still show under a lens. The surfaces 
of the plates should show a polish of equal color all over, and therefore of equal contact; for if the 
contact is harder in one spot than another, the color of the polish will, if the surfaces arc dry and 
well rubbed together and interchanged, show it plainly. To finish, the plates must be put together, 
allowing a film of air to be between them, and one plate to, as it were, float upon the other; Uie top 
one is then touched sufiiciently to set it in motion in all directions; and if any one part of the plate 
is found to act as a centre of motion more frequently than the others, out of a test of about 20 
motions, that part is very lightly touched with worn emery-paper of the 0000 grade.** 

If the plates are lowered vertically one on to the other, the film of air will remain between them; 
but if they are placed in contact at the comers only, it becomes very difficult to slide one upon the 
other. At first, while fitting the plates, it is well to slide one over the other, so that the air will 
press the two together and make the bearing-marks show more plainly; but the atmospheric pres¬ 
sure will also to some extent warp the plates, making one fit the other, and destroying the test by 
showing bearing-marks where, but for the atmospherie pressure, the surfaees would not touch. If 
the plates however are placed vertically, one fairly down upon the other, the test and contact marks 
are very fine as well as distinct. A pair of plates thus fitt^ were tested at the Centennial Exhibi¬ 
tion, and the result was that, the surfaces being 8 by 12 inches, it required 341| to slide one 
upon the other. J. R. 

PLANTER. See Agricultural Machinert. 

PLASTER-CASTING. See Castiko. 

PLATE-BENDING MACHINE. See Iron-working Machineet. 

PLATFORM CAR. See Railway Cars. 

PLATING, ARMOR. See Armor. 

PLATING, ELECTRO-. See Electro-Metallurgy 

PLOUGHS. See Agricultural Machinery. 

PLUMBAGO. See Graphite. 

PLUMBER-BLOCK. See Journals. 

PNEUMATIC CAISSON. See Foundations. 

PNEUMATIC DISPATCH. A system of tubes through which packages are driven by the aetton 
of compressed air, or by normal atmospheric pressure acting against a vacuum. Pneumatic dispatch 
has been largely adopted in Great Britain and France, and to a limited degree in this country. In 
addition to one line of 4^ ft. pneumatic tubes for the transmission of large packages, mail-baK etc., 
there is in London an extensive system of small tubes in operation, for the sending of telegraph 
messages. The small tubes are from 1| to 2^^ in. in diameter, and are under the control of the Post- 
Office Department. They arc divided into about 20 sections, and their aggregate length at the prea- 
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ent time (1879) exceeds 171 miles. The messages are inclosed in carriers, which are driven through 
the tubes bj an air-exhaust or air-pressure, produced by pumps located at the central station. (8ee 
Air-Comprkssors.) Where the length of the tube does not exceed one mile, the carrier goes through 
in about three minutes; but longer tubes require much more proportionate time. Iron pipes, as well 
as lead, have been tried; but the result of experience is greatly in favor of lead. No deterioration 
is experienced in the lead pipes, and they are easy to maintain. With the iron pipes, however, the 
case is different; oxidation of the iron takes place, and, the interior becoming rough, the carriers are 
rapidly destroyed The maintenance of on iron pipe is therefore found to be very expensive. 

Provided due care is exercised in the construction of the work, interruptions of the service are of 
very rare occurrence. When a carrier occasionally sticks fast in the pipe, and cannot be moved 
either by compressing or exhausting the air, it is necessary to flood the pipe with water, and so force 
the carrier past the obstruction by an increased pressure. All tubes are now fltted with a small pipe, 
by whi<^ water may be admitted if necessary. The lead tubes are manufactured in as long lengths 
as possible, the 2^inch tubes being in lengths of about 29 ft. Each length is laid in a wooden trough 
as soon as manufactured, so that it may be handled without fear of bending. A tightly-fitting pol- 
ished steel mandrel, attached to a strong chain, is then drawn through the entire length of the 
pipe. This operation insures the pipe being smooth, cylindrical, and uniform throughout. It is 
necessary that the mandrel should be lubricated with soft soap, so that it may not injure the pipe in 
passing through it. When laid, the leaden tubes are protect!^ by being inclosed in ordinary cast- 
iron pipes, so that the sinking of the ground, etc., may not injure them. The process of laying and 
jointing the tubes is as follows; The leaden tubes, drawn and smoothed as already explained, are 
delivered from the wooden troughs to the trench prepared to receive them. The iron pipes are then 
drawn over the lead, leaving enough of the leaden pipe projecting to enable a ** plumber’s joint to 
be made. A strong chain is then passed through the length of tube to be joined on, and a polished 
iron mandrel, similar to the one before mentioned, being heated and attach^ to this chain, is pushed 
half its length into the end of the pipe. The new length of tube is then forced over the projecting 
end of the mandrel, and the leaden tubes (the ends of which have been already cut flat by an appa¬ 
ratus made for the purpose) then butt perfectly together, and a plumber’s joint is made in the usual 
manner. By this means the tube is perfectly air-tight; and the mandrel keeps the surface of the 
tube under &e joint as smooth as at any other part of its length. After the soldering process has 
been completed, the mandrel is drawn out by the chain attached to it; the next length is drawn on, 
and the process is repeated. Where it is necessary to deviate from the straight line, it is essential 
that the tubes be laid in a circular arc, whose radius shall not be less than 12 ft. The same care is 
necessary in entering the various stations ; otherwise undue friction would arise, and curves would 
be introduced which might cause the carrier to stick fast 

The form of compressor employed is described under Aib-Compressors. 

Paris has a very elaborate system of pneumatic transmission. The water-pressure In the city 
mains b used to compress the air. (See AiB-Ck)MPRE 8 S 0 RB.) A full account of the apparatus em¬ 
ployed will be found in the SeienHlk American Supplement^ i., 876. There are about 18 miles of 
tubes. The carriages are of two kinds; those which receive the pneumatic pressure and so are 
forced through the tubes; and those which make up the train drawn by the former, and in which 
the written messages are directly deposited. The diameter of the tubes is 2.6 in. The speed of a 
train is some 86 miles per hour, under a total pressure to the tube of from 44 to 45 lbs. About 20 
trains of boxes, containing 400 written messages each, can be started per hour. The average cost of 
water used for compression is about half a mill per dispatch: vacuum, however, being employed 
without additional cost, a reduction of one-half of this figure follows, so that the water costs 1 cent 
for every 40 messages. 

A pneumatic dispatch system is in use (1879) in the Western Union Telegraph building in New 
York, and also between that building and the various newspaper oflSces. The moving of packages 
in the building is accomplished by a Root’s blower. (See Blowers.) Packages are sent from all 
parts of the building to the operating room in the seventh story, but most of them from the receiv¬ 
ing room on the ground floor. In the centre of the operating room stands a chest about 5^ ft. high, 
18 in. wide, and about 12 ft. long. The upper part of it, about 6 in. deep, forms one chamber, con¬ 
necting by openings, which may be opened or shut at pleasure, with a dozen or more chambers be¬ 
neath. A large exhaust-pipe about 8 in. in diameter descends from the middle of the upper chamber 
to the exhausting engine in the basement. From each receiving desk in the room below a tube about 

in. in diameter descends to the floor, and then bending in a gradual curve is carried to the centre 
of the building, where it ascends vertic^ly with its, two dozen fellows to the chest in the operating 
room. Each compartment in the chest receives two tubes. A cylindrical box about 6 in. long and 

in. in diameter, made of stout leather and open at one end, with a flange at one or both ends, as 
may be preferred, so as nearly to fit the tube, is used as the carrier for the light paper parcel, which 
is rolled up and held to its place inside the l^x by its elasticity. The weight of the whole load is 
but a few ounces, and consequently it needs a propelling force of less than half a pound to the square 
inch to force it up the tube with considerable velocity. At the orifice in the chamber of the exhausting 
diest is a bent spring, which arrests the box at its exit, so that it falls with little force into the cham¬ 
ber, at the same time that a lever is moved which closes a galvanic circuit, by which means an alarm 
is rung to call a messenger. (See the Scientific American^ xxxii., 223.) 

An interesting series of experiments on the pneumatic dispatch are described in a paper “ On the 
Pneumatic Transmission of Telegrams,” by Messrs. R. S. Gulley and R. Sabine, in the “ Transac¬ 
tions of the Institute of Civil Engineers,” 1876, abridged in Scientific American Supplement^ i., 31. 
The history of pneumatic transmission, illustrations of a large number of devices relating thereto, 
etc., will be found in a series of articles entitled “Pneumatic Transmission” in Engineertngt xviii, 
298 et eeq. 
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PNEUMATIC ELEVATOR. See Elevators. 

PNEUMATIC HAMMER. See Hammers. 

PNEUMATIC LEVER. See Organs, Pipe. 

PNEUMATIC PILE. See Foundations, and Pile-Driving Machinery. 

PNEUMATIC RAILROAD. See Railroad, Pneumatic. 

PNEUMATIC TELEGRAPH. See Telegraph. 

PORTABLE RAILROAD. See Railroads, Portable. 

PORTABLE STEAM-ENGINE. See Engines, Steam, Portable and Semi-Portable. 

POTTERS-FORMING MACHINERY, The principal machine used in pottery manufacture ia the 
potter’s lathe or “ throwing-wheel,” one of the most ancient mechanical devices in use. Its oldest 
form was that of an upright shaft about 3 ft. high, which turned in a frame, having a small horizon¬ 
tal wheel at the top, and a larger one at the bottom some 3 or 4 ft. in diameter, and also horizontal, 
by which it was made to revolve by the action of the workman’s foot. A treadle like that of an 
ordinary turner’s lathe is more commonly used, or the form shown in Fig. 8433, which requires the 
help of an assistant. In large potteries steam-power is employed, a simple clutch mechanism con¬ 
trolled by the workman being used to throw the lathe into or out of gear. 

The method of throwing a common stoneware vessel having a circular horizontal section is shown 
in Fig. 8434. The workman takes a mass of the plastic clay and throws it with a smart blow upon 
a circular block of gypsum which forms the head of the lathe (a), and then presses it firmly with 
his hands, which he wets in a vessel of water conveniently near, forming it first into a conical shape, 
represented at i, by which means 
the remaining portions of air are 
worked out of it, and it is also 
rendered more plastic. The work¬ 
man then forces his thumbs into 
the centre of the mass, holding his 
fingers on the outside, and gives 
it the form shown at c. Then, by 
placing one hand upon the inside 
and the other upon the outside, 
the forms showm at d and e are 
made; and afterward, by means of 
the simplest tools, made of wood 
and leather, which are kept wet, 
the thickness of the article is still 
further reduced, its general dimen¬ 
sions enlarged, and its shape per¬ 
fected. 

An improvement on hand-mould • 
ing for circular work is found in 
the former, which, attached to a 
standard, is brought down upon 
the work from above, as shown in 
Fig. 3435. The engraving shows 
the shape of a former used for the 
exterior of plates. The same de¬ 
vice is used to form the interior 
of cups, etc., the outsides of which 
are shaped by pressing the clay in 
a mould 

Faurds Forcelnin-Moulding Ma¬ 
chines .— An exceedingly ingenious 
series of moulding machines for 
porcelain objects has been invent¬ 
ed by M. P. Faurc of Limoges, 

France. For plates and saucers he 
employs a set of three machines. 

The first is simply a modification 
of the ordinary potter’s lathe, in 
which the clay is packed in a 
mould and the interior of the ob¬ 
ject moulded by a knife or form¬ 
er which is brought down from 
above. The second machine has 
a revolving disk, on w hich the par¬ 
tially formed object is placed. 

While it is being rotated, a flat 
disk is brought down upon the 
work in order to level the edges accurately. The third and most important machine of the series is 
represented in Figs. 3436 and 3437. The belt from the driving-pulley is taken either to pulley H or 
pulley G. A shifter is usually provided (not shown), and connected with the treadle, by which the 
belt may be shifted to either pulley as desired. Pulley H simply rotates the support or head ly, 
on which is placed the mould D. Pulley G also transmits motion by the pulley /and belt therefrom 
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POUNCING MACHINE. 


to the pulleys on the vertical worm-shaft shown in Fig. 3487. A separate treadle is provided in some 
machines for adjusting this belt as desired upon cither the fast or loose pulley of the worm-shaft 
The worm rotates a cogged wheel, and this transmits motion to the eccentric disks M and A. The 
periphery of the inner disk M touches a roller, which by means of a rod and other intermediate 
devices is connected with the profiling knife B, Disk L also touches a roller which imparts a vibra¬ 
ting motion to the pivoted arm P, and this has a projection which enters a slot in a horizontal arm 
Q, The latter is thus caused to move to and fro in a horizontal plane, and so to press another arm 
on which is a metal former A against the surface of the plate, to smooth it, at proper intervals. 
The arrangement of the disks L and M is such that the profiling knife is first caus^ to descend 
upon and thus give the proper form to the bottom of the plate, and afterward the smoothing or 
polishing bulb is brought into action. These machines are capable of moulding from 500 to 600 
plates per day of 10 hours. 

Fig. 3438 represents a machine by the same maker designed for moulding large oval dishes. In 
this the head A is oval, and its edge forms a cam upon which travels the roller B. By the revolution 
of the head this roller is raised and lowered, and in this way the arm C is caused to vibrate. The 
effect of this motion is to bring an inclined former near the extremity of the arm in contact with 
the side of the inverted dish, while outer formers connected with the arm by a system of levers D 
operate simultaneously on the bottom. It will be seen that the movement of the formers is governed 
entirely by the cam-rim of the head on which the disk rests. 

POUNCING MACHINE. See Hat-makino Machimert. 

POWDER-MILL. See Explosives. 



PRESS, HYDRAULIC. The action of the hydraulic press depends upon the principle that fluids 
press equally in all directions, and that if the pressure applied to the plunger of the force-pump be 
multiplied in the ratio of the sectional areas or of the squares of the diameters of the plunger and 
the ram, the product is the pressure applied to the ram. For the rules governing hydraulic-press 
construction, see Hydrostatics. 

Fig. 3439 represents the side elevation of a small hydraulic press with a hand forcing-pump. F is 
a cylinder of cast iron, fitted with movable piston 2>. Water is conveyed to the cylinder by the tube 
5. The upright bars A A are strongly made of wrought iron. E is the follower or pressing table. 
In order to render the piston water-tight, it is surrounded by a collar of pump-leather fitted into a 

cell made for its reception in the 
3439. interior of the cylinder. This is so 

doubled as to resemble a smaller cup 
8440. within a greater one, and between 

the folds a copper ring is inserted. 
In Fig. 8440, FF is the cylinder; 
/gg? I n piston; the unshad^ parts 

^ 0 0 , the leather collar, in the folds 

which is placed the copper ring, 
distinctly seen, but not marked in 
1 * . g the figure; m m is the metal ring 
by which the leather collar is re¬ 
tained in its place; n n, the thin 
plate of copper or other metal fit- 
_ ted to the top of the cylinder, be¬ 
tween which and the plate m m is 
seen the soft packing of tow which serves to oil the piston and prevent its derangement. Accord¬ 
ing to experiments made by Mr. John Hick, M. P., the friction of the leather collar increases direcUy 
with the pressure and with the diameter; and it is independent of the depth of the collar. The 
friction is equivalent to 1 per cent, of the pressure for a 4-inch ram, ^ per cent, for an 8-inch ram, 
and ^ per cent, for a 16-inch ram. The following formula is deduced: Leather new or badly lubri¬ 
cated, 6 = .0471 d />, and leather in good condition, f — dp ; in which /= the total frictional 
resistance of a leather collar, d = diameter of the ram in inches, and p = the pressure in pounds per 
square inch. 

In order to understand the operation of the press, we must conceive the piston 7>, Fig. 3439, as 
being at its lowest possible position in the cylinder, and the body or substance to be preyed placed 
upon the crown or pressing-table E; then it is manifest that if water be forced along the tube h 
by means of the forcing-pump, it will enter the chamber of the cylinder F immediately beneath the 
piston 2), and cause it to rise a distance proportioned to the quantity of fluid that has been injected, 
and with a force determinable by the ratio between the square of the diameter of the cylinder and 
that of the forcing-pump. The piston, thus ascending, carries its crown, and consequently the load, 
along with it; and by repeating the operation, more water is injected, and the piston continues eo 
ascend, till the body comes into contact with the head B of the frame, when the pressure begins. 
By continuing the process, the pressure may be carried to any extent at pleasure within safe li^ta 
When the press has performed its office, and it becomes necessary to relieve the action, the dis¬ 
charging-valve, placed in the furniture of the forcing-pump, must be opened, which will allow the 
water to escape out of the cylinder and return to the cistern, while the table and piston, by means 
of their own weight, return to their original position. 

Taylor's Dircct-aoting Steam and Hydraulic Press. —^Fig 3441 is a side elevation and Fig. 8442 a 


sectional plan view of the steam and hydraulic cylinders of Taylor’s press, which is designed more 
especially for compressing cotton-bales. The mode of working is as follows: Before beginning to 
press the bales, steam from the boiler is admitted into the cylinder B by opening the valve P. This 
drives the piston F and consequently the plunger H to the other or front end of the cylinder, Uius 
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nising the press-rams 8 8 through a oorrespondiiig portion of their stroke. This is however only a 
preliimnary stroke, for the purpose of heating the cylinder and enabling the steam just delivered at 
the back of the piston F to be transferred to the other side of it. This is done by closing the pres¬ 
sure-valve P, and opening the equilibrium-valve through which the steam in the cylinder passes 
into the pipe M ; as it cannot get past the closed inlet-v^ve T on the cylinder it passes up the 
pipe M to the front side of the piston P, which, partly by its own weight and partly by the pressure 
due to the press-rams 8 8 and their platen, transmitt^ through the water in the press-cylinders and 
pipes, returns to the outer end of the cylinder B. Supposing that 
the bale of cotton to be compressed is now placed in the press, 
the steam which has thus been merely transferred from the back 
to the front of the piston F is allowed to enter the cylinder A by 
means of the valve 1\ and thus drive the larger hydraulie plunger 
G forward. This is done by opening the valve Ty when the steam 
passes from the cylinder B into the cylinder Ay driving the piston 
Ey and consequently its plunger Oy forward until the pressure in 
the two steam-cylinders is in equilibrium, which of course is the 
case when the resistance opposed by the pressure on the plunger 
G is equal to the pressure of steam on its piston E. As soon as 
the pressure of steam in the cylinders A and B is equal, the valve 


T falls by its own weight; and the valve P being opened, fresh steam from the boiler is admitted to 
the back of the piston Fy driving forward the smaller plunger Hy any steam on the front side of this 
piston being exhausted direct into the atmosphere. The increas^ pressure due to the smaller plun¬ 
ger closes the clack O (which acts as an intermediate check-valve between the two water-pressures); 
and thus the finishing pressure is given to the bale, or whatever may be in the press, and is 
maintained for any desii^ length of time. This volume of steam last admitted, after being trans¬ 
ferred to the front side of the piston Fy furnishes the steam required for the earlier part of the next 
stroke of the press, which, as before, is done by the plunger G. The press-rams being now raised to 
the height required, the equilibrium-valve Q is opened, and the steam at the back of the piston F is 







transferred to the front of it, as before described; the exhaust-valve U and the clack-valve 0 are 
also opened at the same time, and the steam in the cylinder A is exhausted ; the pistons E and F 
are then in position ready to commence the next pressing operation. The valves are all worked by 
one man by means of rocking shafts, and suitable means are provided to prevent the pistons E and 
F from coming into contact with the ends of their cylinders. 

The following arc the dimensions, etc., of a cotton-press constructed on this principle: There are 
two cylinders with the rams 8 8 working upward; these raise a cross-bead, to which are attached 
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strong wrought-iron links carrying the following table or platen, as shown in fig. 3441; the casting 
on which the cylinders rest forms the top platen, and the water being forced into the cylinders raises 
the lower platen, on which is placed the cotton-bale, and compresses the latter to the required density. 
The steam-cylinders are each 56 in. in diameter; the pressure of steam used is 80 \hs, per sq. in.; 
tha area of each piston being 2,463 sq. in., this multiplied by 80 gives 197,040 lbs. total pressure on 

197 040 

one piston. The smaller hydraulic plunger is 9f in. diameter or 74.66 sq. in. area; and 

= 2,640 lbs. per sq. in. as the pressure on this plunger. The cotton-press itself has two rams, each 
22 in. diameter, the collective area of which is 760 sq. in.; and 760 sq. in. x 2,640 lbs. per sq. in. = 
2,006,400 lbs. or 896 tons total pressure on the bale, with 80 lbs. per sq. in. steam-pressure in the 
boiler. With a pressure of 3 lbs. per sq. in. in the steam-cylinder, all the weight and friction of 
parts are overcome; and since each pound per square inch of steam-pressure represents a total pres¬ 
sure of 2,006,400 + 80 = 25,080 lbs. on the press-rams, the total frictional resistances amount to 
only 76,240 lbs., or say 35 tons approximately. Deducting this from the total pressure of 896 tons, 
there remains 860 tons total effective pressure on the bale. It must not be forgotten, moreover, that 
a part of the dead weight raised is utilized in returning the pistons and rams after each pressing 
operation is over. 

The makers of these presses guarantee to press at the rate of 75 bales per hour, on a consumption 
of fuel not exceeding one ton to 300 bales, or 7.46 lbs. of coal per bale; frequently in practice the 
consumption does not exceed 6 lbs. per bale. Firms using this press at Mobile, Augusta, Charleston, 
etc., have, we are informed, turned out bales at the rate of 80 per hour. 

Presses for Printed Paper. —After sheets of paper come from the printing-press they are stronglj 
marked with type indentations, in order to remove which pressing is necessary. This was originidlj 
done by dividing a volume into parcels 6t a few sheets, and these, being held flat on a stone, were 
beaten with a heavy hammer until the desired smoothness was obtained. This laborious operation 
was superseded by the ** hot press.” This mode required very strong, powerful screw-presses. Fullers 
or glazed boards were pla(^ alternately between the sheets. Iron plates were then heated and 
laid between each 20 or 30 sheets, and the whole was pressed together by a lever and windlass. The 
objections to this process are the damaging of the color of the paper by heat and the danger of 

the ii:^ running. Cold pressing as now 
commonly practised is done in a power¬ 
ful hydraulic or iron-screw press, glased 
boards only being placed between the 
sheets. Efforts have been made to 
smooth the sheets by placing them he- 
tween pieces of leather or tin plates 
and passing them between rollers. This 
process is slow, although it is said to 
render the paper smoother than the 
above-noted methods of direct pressing. 

An ingenious form of press spedallj 
devised for printed paper has been in¬ 
vented by Mr. J. W. Jones, Superinten¬ 
dent of Public Printing of the State of 
Pennsylvania, which is used in the Gov¬ 
ernment printing office at Washington, 
and which under conditions of actual 
test is reported to have given notablj 
successful results. It is a hydraulic 
press disposed in a new way, as shown 
in Fig. 3443. The pressure is applied 
by two hydraulic pumps provided with 
an adjustable automatic safety-valve. 
The ram travels its entire stroke in 80 
seconds. About 500 folded sheets are put into the trough of the machine, and boards are placed at 
each end to secure even pressure. The ram is then caused to act, and while the bundle is under 
pressure it is secured by strong cords. It is then removed and set aside. This operation can be 
done regularly every three or five minutes, so that the machine will dry-press from 6,000 to 7,5O<0 
sheets per hour. The bundles are kept tied for from 12 to 24 hours, in which period the indenta¬ 
tions will be removed, and the sheets rendered smooth and free from set-off. 

PRESSES. Presses for various purposes will be found described under the following headings; 
brick-press. Brick-making Machinery ; cloth-press, CLOTH-nNiSHiNO Machinery ; coining-press, Coik- 
XNO Machinery ; cheese-press, Dairy Apparatus ; cartridge-press. Cartridge-making Machinkbt ; 
drop-press, Hammers, Power; gunpowder-press. Explosives; nut-press. Forging Machines. See 
also special articles under Press, Hydraulic, and Presses, Printing. 

Cottow-/V«Ma.—Cotton-pressing by the hydraulic press is described under Press, Hydrauxic. 
The methods of compressing cotton by steam, tying, handling, and shipment of bales, are described 
under Steam Compression op Cotton. 

Drawing Prenes are used for cutting and drawing articles of sheet metal. Fig. 3444 represents 
an improved form of press of this description made by the Ferracutc Machine Company of Bridge- 
ton, N. J., adapted for a great variety of seamless tinware, such as cups, dippers, wash-bowls, etc... 
up to 4 in. deep by 16 in. in diameter. The press is built on the bottom-slide principle. It has a 
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heavy base casting, supporting the shafts, gearing, fly-wheel, etc., and the four columns which form 
the bearings for the slides. The outer slide, to whidh is bolted the blank-holder, is driven up by the 

8444. 




two onter cams a certain distance, adjustable by the four rods with double nuts, and remains station¬ 
ary while the inner slide, with punch attached, ascends a greater distance (adjustable by a screw with 
lo^-nut on plunger), carrying the punch 
up into the upper die, thus drawing the 
sheet-metal blank from between the sur¬ 
faces of blank-holder and upper die, and 
forming it to any shape required for pans, 
basins, cups, etc. The cams are made 
very wide, and of such a shape that they 
drive the slides np very slowly while the 
work is being done, and allow them to 
letnm quickly, thus economizing power 
and time. The height of this press above 
the floor is 5| ft., and its total weight 
7,000 lbs. The stroke of the bed is: 
outer slide, 4^ in.; inner slide or plun¬ 
ger, 9 in. 

fig. 8445 represents a changeahU foot- 
prtu built by the same company. The 
main frame B is wide and deep, of a sec¬ 
tion giving uniform strength throughout; 
the widtlm at all points, counting from 
the front of the bed back and up to the 
main fulcrum, being derived from para¬ 
bolas of the requisite form. The change¬ 
able legs F give a combined upright and 
inclined press. The slide-bar K is of 
dovetail section, and is driven by means 
of the lever />, which has a friction-roll¬ 
er set in it for a bearing in the slide-bar. 

The motion is communicated from the 
foot-treadle to the lever D by the pit¬ 
man H, This pitman has a swivel in it 
consisting of a hand-wheel and nut, so 
that, without using a wrench, a delicate 
adjustment may be given to the slide-bar. 

A treadle-stop c/j with a hand-nut at¬ 
tached, controls the distance the treadle 
moves. The stop Jy and end of treadle that strikes the floor, are provided with rubber bumpers to 
prevent noise and jar. The press is fitted with patent die-clamps by which dies can be rapidly set 
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without bolts or wrenches. They are made to adjust sidewise to suit different widths of dies. A 
hollow bolt or sleeve is secured in a slot through the bed and bolster-plate by a large nut under* 
neatb, and on its lower end has a screw (of, for instance, 9 threads per inch), on which runs a hand* 
wheel. Through this sleeve slides a ha^ened steel bolt with a hooked head at the top, and at the 
bottom a screw thread (of, for instance, 10 per inch), running on which is a flanged nut. The steel 
bolts being swung around with their heads over the die and allowed to drop upon it, the wheels are 
run down until they strike the flanged nuts. The latter then revolve with them by friction of the 
surfaces, but do not descend quite so fast, owing to the varying pitch of screws. This differential 
action tightens the die with great force. The wheels leave the nuts and run up rapidly on their sin¬ 
gle screws when it is wished'to relieve the pressure. 

The engraving shows the press in inclined position. It can be changed to upright position by dis^ 
connecting the lever D from the pitman and revolving it in its socket until the set>8crew comes 
underneath the ball, and then shifting the legs so that the bolt at F goes into the hole Oy and the 
bolt at G will come into the hole ( 7 , and the lever D is then to be reconnected to the pitman If, 
Host of the work made in a press is cut and formed in the dies complete at one stroke, and rises 
between the upper and lower dies. In upright presses the pieces formed have to be remov^ laterally 
by the band of the operator; but the inclined press has an advantage in the fact that the work as 
soon as formed (by the force of gravity) slides off the lower die, through the hole in the back of the 
press, and down the chute into any proper receptacle. 

A form of power-press by the same makers as the foregoing is represented in Fig. 3446. It is used 
for cutting and forming sheet-mctal work. The fly-wheel runs as a loose pulley on the shaft, and the 
motion is communicated to the shaft by means of a sliding steel clutch which is operated by a touch 
of the toe-treadle, and is so arranged that the shaft makes but one revolution and stops positively 
with its eccentric and pitman at top of its stroke, unless the treadle is held down by means of the 
lock, when continuous strokes are made. The slide-bar is of dovetail shape, very wide, and extends 
up back of the shaft, giving a long bearing. It receives its motion from the shaft by means of a 
pitman provided with a ball-and-socket joint at the lower end, and with thread and lock-nut at the 
upper end for adjusting the height of the bar above the bed or table of the press. Sliding and re¬ 
volving steel clamps are set In the bed to hold the bolster-plate or lower dies securely in position, 
and the upper die is fastened to a bushing in the bar which can be revolved so that the upper and 
lower dies (if of irregular shapes) will coincide. An automatic spring-brake bearing on a cylindrical 
projection on the sh^t controls the exact stoppage of the bar at the top of its stroke. 

Rg. 8447 represents a form of drawing press manufactured by Messrs. Bliss & Williams of Brook¬ 
lyn, N. Y. In this machine the lower die is made of the same diameter as the size of the blanks 
for the ware to be stamped. By this means the operator is enabled, by bringing the edge of the 
blank fair with the circumference of the die, to set the blanks true in the machine without requiring 
to use any great care in adjusting on the die. The blank-holder J descends and holds the blank in 
portion, while the drawing punch H forces it the necessary distance into the lower die K, In the 
middle of the latter is a table supported by a spiral spring, the duty of which is to force the ware 
out of the lower die as the blank-holder rises. 


Fig. 3448 represents a power seaming press manufactured by Milligan, Sayce & Co. of Newark. 
It is designed to make an impermeable seam without the aid of solder. Its method of operation is 
as follows: Upon a cylindrical mandrel are two adjustable gauges, in which the pieces of tin to be 
seamed are placed. An upper die'descending stamps the metal into the form shown in Fig. 8449. 
This die is made in two parts, one within the other. The inner die recedes, leaving the outer one 
bolding the metal firmly in position. A die from the inside of the mandrel now ascends, and forces 
the metal into the upper die, the appearance now being as in Fig. 3450. The two dies now approach 
each other firmly, stamping the metal together as in Fig. 3451, completing the seam. 

Baling Pretses. —^Fig. 8452 represents a form of lever-press used for baling hay, cotton, etc., by 
hand-power. The material to be compressed is 






placed in the box k, and the platen to which 3153. 

the chain-wheels A are attached is raised by ~ , -z—^ n—_ 

drawing up the chain by means of the chain- -- '\1^\ 

wheel Ly which is rotated by the ratchet-wheel | jj | _1' ‘ " 

which is attached to it and operated by the ■v. V 

lever 2> carrying the pawl O, The bale is dis- I j 

charged at the side of the box after throwing L/ / I j Ji ! 

back the books if and removing the cross-bar A, 1/ 

The Boomer & Boschert press is represented ' jl “ 

in Fig. 8453. This machine is made to operate _ | j i | 

by band or steam power, as illustrated. The 

platen is carried downward by straightening the ' -- -- jj 

two oppositely disposed toggle-joints by means ' I I 

of a screw, as shown. As the two parts of each . J| 

toggle approach a vertical position, the pressure , j 

on the bale increases and the motion of the ^ 1/ 1/ Tl- 

platen diminishes. ^ ■/ I f 

Hie Bookbindere' Embomng and Stamping . L 
Fig. 3454, is used for embossing the 
covers of books. The designs, or dies, usually 

of brass, are cemented to an iron plate held by jaws or clamps up against a platen, which is heated 
by steam or gas. The cover is laid on the bed and brought up against the brass die by a toggle- 
joint, which is straightened by a cam or crank. The impression is regulated by a hand-wheel oper- 
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ating a wedge beneath the toggle. This press is usually run at a speed of 25 reTolutions to the 
minute. 

The Book-pretaing or Smathing Machine is on the same plan as the abore, but is used for com* 
pressing the unbound books or folded sheets. 

PRESSES, PRINTING. These may be divided into three well-defined classes, which came boo-' 
cessively into existence, each later class being in point of rapid working greatly in advance of its 
predecessors. 

I. Platen Presses. —^The first type of this class, used by all the early masters of the art, from 
Gutenberg and Caxton down to our own Franklin, whose simple press was shown in the Centennial 
Exhibition, had a flat ** type-bed” and **form,” and, suspended immediately above or opposite to the 

bed, a ** platen,” or impression-plate, also flat, but of 
only half the area of the bed, so that two impres¬ 
sions were required for each side of a sheet. Most 
of the parts of this press were made of wood, the 
bed being a stone. The substitution of iron for 
nearly the whole, in the beginning of the present 
century, permitted the platen to be made as large 
as the form, requiring but one pull to a side; and, 
with other improvements, this is still the “ hand- 
press ” of the present day. The type being placed 
upon the bed, properly inked, and the paper spread 
over it, the “ impression ” is given by pressing the 
platen forcibly against it. This was at first accoo- 
plished by means of a screw, and afterward by a 
combination of levers. 

llu Washington Press, —Fig. 3455 is the modem 
representative of the oldest type of the platen press. 
< 1 , is the iron framework ; 6, the bed on whi^ the 
types are placed; one of the two grooved rails 
on which the bed slides forward to receive the im¬ 
pression ; rf, the “ rouDce ” or crank, which moves 
which, by a combination of levers, depresses the 
platen; the spiral spring, which raises the platen after impression; A, the “ tyropan,” a sheet 
of thin cotton cloth, stretched on a frame of wood; t, the frisket,” a mask of perforated paper 
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stretdied on a frame of tliin iron, to prevent soiling of the paper by ink; ky the inking-roller and 
its frame. Preparatory to taking an impression, the paper is laid on the tympan, the frisket is 
folded down upon it, and then the tympan upon the bed, by which the paper is plac^ on the inked 
types; the bed is then moved under the platen, and the impression given by pulling the bar-handle. 
The ink was formerly dabbed on with two soft, leather-covered pads, which one pressman kept 
working together to distribute the ink evenly, while the other worked the press. Rollers, made of 
several thicknesses of cloth wound round a wooden cylinder and covered with soft leather, were 
afterward introduced. These were finally superseded by rollers of composition. One person was 
still required to apply the ink, and another to work the press; but later a self-inking apparatus was 
invented, by which the pressman, in running in the bed, raises a weight which, in its descent, draws 
the roller over the form. With this, one man, though with considerable exertion, may thus do the 
work of two. A good pressman will work off about 2,000 impressions per day, but cannot well run 
a press large enough to work paper of more than eight octavo pages. 

The Treadle jd Frees is represented in 
Fig. 8466. The ink-distributing apparatus is 
composed of cylinders K, 2>, Fy etc. The dis¬ 
tributing roller Ey and another roller with a 
lateral motion, work in combination, and cause 
the ink to be carried diagonally In directions 
continually crossing and recrossing each other, 
insuring great uniformity of distribution. By 
simple devices the inking of the form may 
be repeated once or more before each imp res* 
frion, and the pressure can be accurately and 
quickly adjusted. The platen has a short 
rest when receiving the paper, then swings 
up parallel with the form, against which it is 
thus drawn to give the impression. The pa¬ 
per is laid on and taken off by band. The 
press may be driven by power. This press 
has lately been adapted to the printing of 
paper on one side automatically from rolls. 

After the impression the sheet is cut off and 
drops on a table. 

The Adams Power PresSy introduced in 
1830, and still largely employed for book¬ 
printing, represents the most improved style 
of press of the first class. It is now manu¬ 
factured exclusively by R. Hoe & Co. of New 
York. The bed carrying the form is moved 
up against the stationary platen by a toggle motion. The inking-roller carriage, provided with sheet- 
uppers, travels between the bed and platen, inking the form, and carrying in the sheet (previously 
fed to it by hand) over the form to receive the impression, and then bringing it back to be blown by 
the bellows into tapes, and carried by these over the sheet-flyer. This flyer is composed of a series 
of light wooden strips or fingers, attached to a shaft which makes a half turn, and in so doing lifts 
the ^eet off the tapes and lays it, printed side up, on a table. 

n. Ctunder Presses. —The second class of printing machines originated, as did the first, in Ger¬ 
many. The type-bed is flat, but, instead of receiving the impression from a platen, it passes back- 
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ward and forward under a revoWing cylinder, which rolls in concert with it. This press first became 
widely known through its adoption in 1814 by the London 7imes, and, with many improTements and 
modifications, it now does the great bulk of the printing of the world. Cylinder presses have been 
greatly improved during the past few years, and those of American manufacture now take rank 
among the finest specimens of machinery in the world. 

The Drum-Cylinder Fig. 3457, is a well-known type of this class. It has a large cylinder, 
which revolves continuously, having one side of a smaller radius than the other, to permit the safe 
return of the bed. The momentum of the bed is checked at each end of its stroke by air or metallic 
springs, which also serve by their recoil to help to start it in the opposite direction. The register is 
sufficiently accurate for go(^ color-work. The paper is fed from a table, seized by the fingers of the 
revolving cylinder, carried around on its surface against the fofm, brought up and transferred to the 
fingers of the delivery cylinder, which in turn send it on cords down in front of the flyer to be de¬ 
posited, printed side up, on the fly-table. 

Fig. 3458 represents a two-roller cylinder press constructed by Messrs. C. Potter, Jr., k Co., of 
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New York. The sheets are delivered without tapes around the cylinder, and a novel positive slider- 
motion prevents the sliders from working to either end of the track. Hinged caps to the dlstributoiv> 
bearings admit of the ready removal of the distributor and form rollers, and the fountain is operated 
from the cylinder-shaft, instead of from the type-bed. 



The Campbell Four-RoUer Cylinder Press .—^This press is so far automatic when in operation, 
the sheet itself by a delicate mechanism causes the impression; therefore it does not print on the 
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tympan, and the press will not operate the fly (which is in front of the cylinder), unless the sheet is 
fed. If the sheet is not fed accurately, it is thrown down by the fly so as to be distinguished from 
those perfectly printed. This press is without springs or tapes. It has one or two ink-fountains and 
two or four rollers, as desired. The distribution i^ under the control of the pressman, who may 
cause the form to be rolled once or oftener for each impression, the movement of the fly being then 
automatically arrested. 

Presses for the finest wood-cut printing are usually made with small cylinders, which stand still 
during the return of the bed; one side of the cylinder being flat to avoid contact with the type. (See 
Fig. 3459.) These machines, termed stop-cylinder presses, are constructed with great nicety, and 
are used for the very finest work. 

8480. 



Presses for newspaper printing have usually small cylinders which revolve continuously, rising in 
their bearings after each impression to allow the bed to run back. (Sec Fig. 34B0.) Some have two 
cylinders, so arranged as either to print a sheet at each stroke of the bed, or to print each sheet on 
both sides. But all the machines of this second class are in principle like the first one mentioned, 
having a flat bed moving backward and forward, carrying the form of type first under rollers which 
ink it, and then under the impression-cylinder, where it prints the sheet, which is delivered at the 
rear of the press. 

The Cottrell dr Babcock Cylinder jFVcm.—^F ig. 3461 represents the four-roller two-revolution 
press constructed by Messrs. Cottrell & Babcock of New York, which is designed more especially 











for fine printing. The general construction of the machine is that outlined above, and its peculiar 
features are illustrated in detail in Figs. 3462 to 3465. The most important of these are some of 
the attachments to the air-spring, which reduces the wear due to the stopping and reversing of the 
reciprocating bed. To overcome the momentum of the bed of a 30 x 62-inch cylinder press of this 
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construction with a full form of type, running at the rate of 1,800 impressihns per hour, about 
8,500 lbs. of resistance is required on each centre. By the use of gauges the amount of spring em¬ 
ployed is ascertained, and when the bed is passing the centre the plunger can be adjusted to the 
spring-pressure requisite for the speed at which the press is running. The bed is provided with two 
cylinders to engage with the plungers, seen at the end of the frame; and the hollow rods of these 
plungers are connected by a pipe running along the lower part of the frame, which pipe is opened or 
closed by the valve of the governor, shown through the opening in the framework. Fig. 3462 is a 
longitudinal section of the same. Ilg. 8463 is a cross-section of the piston Af springs allowing the 
outside packing to contract and expand. The governing device, whereby when the press is in mo¬ 
tion the spring is automatically applied, and the resistance augmented as the speed progresses, or 
vice vena, is represented in Fig. 8464. The device is here attached to the connecting-pipe with a 
plug-valve, which it operates, and two spring-gauges to indicate the amount of condensation in the 
cylinders. The valve is shut by the motion of the press when running at speed, and is open when 
the press is at rest. This enables the press to be started at any point without helping it over the 
centres by hand. The spring-gauges indicate the pressure in the air-cylinders; and, as this is deter¬ 
mined by setting the plungers backward and forward on their rods, the amount of spring is easily 
adjusted to the speed of the press. A device is also used for controlling the momentum of the cylin¬ 
der, and thus preventing the back-lash due to the tendency of the cylinder toward greater velocity 
than that of the reciprocating bed. The attachment simply keeps the gears up to the work-side of the 
teeth, and so harmonizes the motion of the two parts. Fig. 8465 represents the hinged roller-frame. 
When the frame is open the vibrators are arranged so that they can be taken out without unscrew¬ 
ing the boxes, and are locked in place by a downward movement of the frame. 

The Hoe Thoo-Revoiluiion Four-Roller Prees^ Fig. 8466, is especially adapted for illustrated news¬ 
paper, book, and similar work. The improvements recently made enable this press to run at a high rate 
of speed with smooth and noiseless motion. The moving parts are under the complete control of the 
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operator, and the entire arrangement affords ready access to all its parts, and a quick adjustment 
when a change of form or size of sheet is required. Different-sized sheets can also be printed and 
delivered with equal facility. The delivery mechanism takes the printed sheets from the main cylin¬ 
der without the aid of cords or tapes, delivering them in front of the fly, which deposits them, 
printed side up, on the fly-board. An examination of the cut explains its simplicity of construction, 
while its capacity is unequaled by any other press of its class. It is provided with air-springs of im¬ 
proved design, and all the latest improvements and conveniences. 

The Potter Lithographic Press, Fig. 3467, is also a stop-cylinder press. The traveling bed on 
which the stone rests is drawn under the cylinder by a crank and connecting-rod from the end of the 
frame below, and the cylinder, after being thrown into gear, is rotated at the same time. At the end 
of the stroke the cylinder goes out of gear, and remains stationary during the return of the bed, the 
latter passing under the cylinder, but not coming in contact with it. The inking of the stone is 
effected by parallel rollers, which receive their ink from a table at the end of the bed. The auto¬ 
matic dampening arrangement is at the back of the cylinder. It consists of a shallow trough in 
which revolves a wooden roller; an absorbent roller distributes the water to other rollers which pass 
over the surface of the stone, depositing the amount of moisture required. 

In all steam lithographic presses the pressure is made by the cylinder, whereas in hand-presses 
it is made by a scraper. 

The Hoe Lithographic Press, Fig. 3468, is designed for the finest quality of lithographie work. 
The bed is drawn backward and forward by a crank, and engages with the cylinder when moving 
forward, but leaves it standing when moving back. It has an adjustable platform on which the 
stone rests. The form-rollers (from four to eight) are driven by the contact of the steel distributing 
rollers above them, the surface of which runs always at the same speed as the printing surface. The 
bed may, if desired, pass two or more times backward and forward under the inking rollers before 
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taking an impression, and a friction-clamp causes the impression-cylinder when running at high 
speed to stop without tremble. The stone is damped automatically by rollers which receive water 
from a fountain—^the amount being adjustable according to the size of the stone. The sheets are 


seized by the grippers, and the points withdrawn just before the cylinder starts, this insuring perfect 
register. The printed sheets are taken direct from the cylinder by the fingers of the delivery cylin> 
dcr, and piled, printed side up, on the fly4able. 



3468 . 


The Hoe Slop-Cylinder Preee^ for the finest wood-cut and letter-press work, is very similar the 
above. It has from four to eight inking rollers. 

Flat-Bed Perfecting Pt'cttee are those which print on both sides sheets fed by hand. They are pro¬ 
vided with a second impression-cylinder and form, and the sheet, after receiving an impression on 
the first cylinder, is automatically transferred to the second impression-cylinder and printed on its 
reverse side. They are sometimes so arranged that an ** offset-sheet ” may be fed in with the fresh 
paper, to receive the offset from the first freshly printed side and prevent the soiling of the blanket 
and paper. 

III. Rotary Presses. —The third class of printing machines comprises those in which not only the 
impression-surface but the type-form also is made cylindrical, and revolves in contact with the im¬ 
pression-cylinder. 

The Hoe Type-Revolving Press is the principal example of one division of this class of machines. 
The forms are locked up in curved beds, which when secured in place in the machine form a seg¬ 
ment of the main type-cylinder, but occupy only a part of its periphery, the remainder being used as 
an ink-distributing surface. Around the central cylinder are clustered as many impression-cylinders 
and sets of inking rollers as can be conveniently arranged. The sheets are fed by hand to these 
impression-cylinders, which seize and bring them in contact with the form ; they are then conveyed 
by tapes to the shcct-fiycr which accompanies each impression-cylinder, and piled open or flat on 
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the receiving boards. This press is used for printing newspapers of large circulation, and in its 
most improved form is capable of working off 20,000 impressions an hour. 

The Web Perfecting Preis .—This type of the third class of printing presses takes its name from its 
printing upon a “ web ” or roll of paper. Its distinguishing feature consists in the combination of 
two pairs of type and impression cylinders, so arranged that impressions may be made in continuity 
on the long web of paper, which in its course through the press presents each surface respectively to 
a type-cylinder, and is therefore printed on both sides at one operation. The invention of the flex¬ 
ible papier-mache matrix, although of great value in the rapid production of stereotype plates, and 
largely used in combination with the rotary press last mentioned, proved of vital importance to the 
siiccc'^s of the web perfecting press, as it enables the production of cylindrical stereotype plates (in 
facsimile of the “make-up”) which completely cover the type-cylinder—a requisite not readily at¬ 
tained with the original type. The web, after printing, is severed into sheets at one operation. A 
machine of this kind was invented by the well-known philanthropist, Sir Rowland Ilill, who pat¬ 
ented it in England in 18;i5, though indeed the broad idea of printing from cylinders is found in 
Nicholson’s English patent of 1790. Neither, however, produced a successful machine. 

The web perfecting press of the present day is shown in one of its simplest forms (the delivery 
mechanism being omitted), in outline, in Fig. ;U69, which will illustrate with sufficient accuracy the 
main printing features of presses of this class. They may be of sufficient width to print two papers 
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abreast, and, the motion of nearly aM the part< being rotary, they run at an astonishingly high speed. 
The paper from the roll A, controlled hv suitable tension d(‘viees, pass(\s under the equalizing roller 
A’ to the impression-cvlinder A’ and upon the surface of this to the first type-cylinder fr, by which 
one side is printed. Thence the paper goes over the .second impression-cylinder //, which is two or 
more times the diameter of A’ to the second type-cylinder, which prints the second side. Shifting 
ivmpan-cloihs are stretched around impression-cylinder //. which is of large diameter to prevent 
the offset from falling constantly upon the same place. The fountain A, and the distributing and 
form rollers A^, /', 7?, N, T, f/, V, are the usual devices for inking the form. The paper 

when printed passes to the cutting cylinders, one of which, K, earries a i)rojecting serrated knife, 
while its companion,»/, has a corre.sponding groove along its length. Elastic surfaces hold the paper 
during the cut, while notches in the knife leave un.severed portions, by which the sheets still hold 
together and arc led to the delivery mechanism. The invention of this delivering machinery, to dis¬ 
pose of the printed paper with sufficient accuracy au«l rapidity to make the press of practical value, 
is of recent «late, and the relative success of the dillVrent manufacturers in this ies])ect is indicateci 
by the speed at which their presses run. 

The huU'»ck Press (an American invention) has its printing cylinders arranged substantially in the 
order shown in Fig. 3469. It delivers its papers flat, gripper-belts carrying the sheets from the 
cutting cylinders to the flyers, which strike them down singly upon the tabh s ; there being two com¬ 
plete set.sof tables, belts, and flyers, arianged one above the oth.er. This |)re.'S prints at a sp(*ed of 
y.tXM) quarto (eight-page) or 18,000 folio (four-page) pai)ers an hour. 

Thr. If /'/r.<«(English), named after the projuietor of the Loudon Timts, jjrints that journal 
an 1 alsr> the Xcw York Times. This press has a series of damping lollers, througli which the paper 
pas-*!*' fro.iJ its roll to the printing cylinders. The-e are arra-jui'd one above tie' other, the 'first 
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type-cylinder being uppermost, the two impression-cylinders between, and the second type-cylinder 
at the bottom. The paper, when printed on both sides, is by cutting cylinders severed into sheets, 
which are carried by tapes to the top of the delivery mechanism, whence they descend perpendicu¬ 
larly, to be laid singly upon tables by a flyer which vibrates alternately to the right and left The 
New York Times^ a quarto paper, is printed at the rate of 9,000 sheets an hour. 

TTie Victory PreM (English), with its folding machine, is represented in Fig. S470. The roll is 
placed on brackets at one end, and the paper is led over two wetting boxes; then, after being printed 
as usual on both sides, over two hot copper cylinders ; and then travels on tapes to the cutting and 
folding cylinders. The first fold is given by a blunt knife, fixed transversely across the peripheries 
of the wheels, which forces the paper into the gripper of a second cylinder, by which the doubled 
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paper is carried over half a revolution, when a serrated steel knife cuts off the first perfect printed 
sheet from the web. A second blunt knife forces the doubled paper into the grippers of the third 
folding cylinder; and the newspaper, thus twice folded, is carried round by grippers to a vibrating 
frame, which delivers each ahernate sheet to a pair of cross-folding rollers. It is then forced, by 
means of a steel knife raising the paper, between the tapes which traverse up each side of the deliv¬ 
ery end of the frame, carrying each alternate sheet to the second pair of rollers, when a second cross¬ 
folding knife comes sharply down and forces the middle of the paper in between two rollers, under 
which the delivery apparatus swings. The delivery consists of a frame which swings backward and 
forward like a pendulum, the paper traveling down between the tapes while it is going one way, 
and being thrown out upon the table as it comes back. This machine, it is stated, prints and folds 
9,000 perfect copies of an eight-page newspaper 60 inches square, or 18,000 copies of a four-page 
paper, an hour. 



The Scoff Rofary Web Prrsft^ manufactured by Messrs. C. Potter, Jr., k Co., of New York, is rep¬ 
resented in outline in Fig. 1^471, and in perspective in Fig. 8472. A double-width press of ibis 
kind has printed and folded with two folds 30,000 small folio newspapers an hour. The roll uf 
paper is placed so that it slides into po.siition easily without rising up. The folding is done by rotary 
creasers; as the knife revolves and cuts off the sheets, the creasers revolve and fold them. Tlie 
sheets are printc'd, cut, and receive the primary folds without the use of tapes or belts. 

In the sectional view, A represents the first distributing cylinder; a, a, vibrating distributing 
rollers; B, fountain roller; 6, duetor roller; t\ C\ transmitting gears; />, first plate or type eylin- 
der; <f, tf, t/, form-inking rollei*s; B\ first impres.sion-cyliuder; e, c, web-8upj>orting rollers ; e\ Smooth- 
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ing bar; F, second impression^jlinder, of large size, and provided with a eeU>ff sheet; O', second 
plate or tjrpe cylinder; g, form-inking rollers ; second distributing cylinder ; A, A, A, vibrating 
distributing rollers; /, fountain rollers; i, ductor roller; J, driving gear; K, male cutting and fold- 
ing cylinder; A, folding creaser; female cutting and folding cylinder; /, first folding pdppers, 
which are held in position by means of springs and opened by a crank on end of rod; second 

folding grippers; J/, folding cylinder; m, folding 
creaser; m', transferring grippers; N, carrying 
roller; n, cords passing round the female cylin¬ 
der ; O, carrying tapes; P, P, rollers; Q, packer; 
P, folding cylinder; 8^ folding creaser; P, re¬ 
ceiving board; f/, paper-roll stand; K, wheel 
and screw to regulate margin; ir, web or roll of 
paper. 

The operation of the machine is as follows: 
The web of paper passes over the impression-cyl¬ 
inder, down between the cutting and folding cyl¬ 
inders K and Z, where it is severed by the knife 
A-, the leading end of the web passing around the 
cylinder K by the action of the atmosphere against 
the surface. When the cylinders have made a 
half revolution, the centre margin of the printeil 
paper comes opposite the creaser k\ which forces 
it into a groove in the cylinder X, where it is held 
by the grippers /, which were previously opened 
(by means of a cam) to receive it. The double 
edge of the sheet then passes around cylinder L 
to cylinder J/, to which it is transferr^ by the 
grippers m', and drawn around until the creaser 
m forces it into the bite of the grippers f The 
twice-folded sheet then passes up between L and 
W, the rear end being severed from the web as 
before mentioned, and is led off of L by cords n, 
thence between the tapes O and between the roll¬ 
ers P, P\ and in front of the packer which 
delivers each paper on the receiving lx)ard T. 
When more than two folds arc desired, the guide- 
fingers p are pressed down below the level of the 
tapes O, and the papers allowed to pass on to the 
folding cylinder A*, where they receive another 
fold by the creaser 5, or as many more folds as 
may be desired, and are delivered on the receiv¬ 
ing board in the same manner as previously de¬ 
scribed, but in the opposite direction, as shown. 

The stereotyping machinery which accompanies 
this press is claimed by its makers to be in ad¬ 
vance of anything previously produced; by its use 
a page can be stereotyped and the press running 
in ten minutes after the form is made up. 

The Ingram Press (English), Fig. 3473, is 
adapted to wood-cuts as well as letter-press. It 
prints the Illustrated London News at the rate of 
0,500 an hour, delivering the papers either flat 
or folded. It has two folding machines, each re¬ 
ceiving alternate sheets, consisting of vibrating 
blades with the customary rollers. A blast of air 
aids in laying flat sheets. One peculiarity of the 
machine is its calendering cylinders to remove the 
indentations of the first impression, and leave a smooth surface for the second, which contains the 
Illustrations. A machine of this kind in the Paris Exposition of 1878 had printing and impression 
cylinders all of equal size, and printed at each revolution three whole sheets of the Illustrated Ijm- 
don News, 

The Hoe Perfecting Presses. —These feed and print in the usual manner, but the delivery of the 
printed sheets is effected in a variety of ways, and by mechanisms differing widely from each other. 
Two styles of this class of Hoe press are shown in the Plate and Fig. 3474. Those intervening differ 
according as the paper is a folio or quarto, as it is to be printed single or double, and as the col¬ 
umns run around the type-cylinder or lengthwise of it. It is also sometimes necessary to print a 
four- or an eight-page paper on the same press, and at the same time to be able to enlarge the paper 
by one or more columns, which necessarily brings the columns and the centre margin, or line of first 
fold, parallel with the run of the paper. Sometimes a quarto paper must be cut at the head and 
pasted down the back, and often the folded papers must be delivered ready counted for the carriers 
in lots 9 f ten or more. The several resulting mechanisms are as follows: 

To deliver sheets flat—i. e., not folded—a collecting cylinder gathers a specific number of sheets 
one upon the other on its surface, then sends them together to the sheet-flyer. By this arrangemeiit 
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the fly works slowly and easily, while the sheets run at full speed in a continuous stream from the 
printing cylinders to the revolving collector. This enables the maximum rate of printing to be 
utilized. To print and deliver folded a four-page paper (with columns around the cylinder), the sheets, 
partially severed, are conveyed between tapes to faster-running rollers, which part them from the 
main web. They then pass to two folders, each receiving alternate sheets and consisting of the 
customary blades and rollers combined with carrying tapes. If the paper is a quarto (eight pages), 
to be cut at the top, pasted and folded, a collecting cylinder interposed between the cutting cylin¬ 
ders and the folder gathers two four-page sheets one upon the other (one of the sheets by the usual 
devices having been pasted), and sends them on together to the folder. Or the sheets may pass alter¬ 
nately over a long and a short path, so as finally to come together one above the other, over folding 
rollers between which they are forced by the usual blade. When the columns run across the line 
of travel, the collecting cylinder may carry within its periphery a swinging folding blade, which, 
when sheets to the desired number are gathered on the cylinder, is swung out, forcing the sheets 
between folding rollers, whence they pass to other folders as before described. It will be under¬ 
stood that the collecting cylinder may form a part of any “ delivery,” either for the purpose de¬ 
scribed or for delivering the folded sheets in packs ready counted. This class of mechanism is tliat 
represented in the Plate. 

Fig. 8474 represents the other style of the Hoe perfecting press. The delivery mechanism here 
shown dispenses entirely with the tapes and reciprocating folding blades, is positive in all its move¬ 
ments, and is therefore a most important invention. The cutting cylinders are provided, the one with 
a fixed folding blade extending along its length, the other with a corresponding groove provided with 
nipping jaws, which seize the sheet along its centre margin and carry it onwai^, causing the forward 
half to lie back over the rear portion, which has in the mean time been severed from the web. The 
sheet may be thus delivered with one fold, or a second fold may be given by a swinging folding 
blade carried in the periphery of this second cylinder, and the sheet sent between rollers to another 
set of folding cylinders arranged at right angles with the first, to be further folded crosswise. A 
double-width press would thus print and deliver two papers abreast, the printed web being of course 
slit while passing through the machine. When it is desired to print and deliver a double or quarto 
sheet by the same press, it is accomplished by the ** sheet-turner,” Fig. 8476, a very ingenious but 
simple device, by which one half of the printed web is turned over on the other half; the cutting and 
folding cylinders will then act upon the doubled web, and quarto (eight-paged) papers will be thus 
produced, folded as desired. A machine of this kind was put in operation in the Boston Herald 
press-rooms in 1876, delivering papers in folio form for dailies and in quarto form for weeklies, 
pasted, cut open at the head, and folded for the mail, at a high speed. The compactness and sim¬ 
plicity of this machine distinguish it from others of this class. 

Another kind of Hoc web perfecting press consists, in its simplest form, of a single type and im¬ 
pression cylinder, and a single inking apparatus. 
Each cylinder is in length twice the width of the web 
of paper to be printed, and the forms for the two sides 
of the web are placed one at either end of the type- 
cylinder. The paper from its roll passes between these 
cylinders, and, after being printed on one side by the 
form at one end of the type-cylinder, is passed around 
the sheet-turner (Fig. 8476), by which it is turned 
over and also transferred to the other end of the type- 
cylinder, where it is printed on its second side, it is 
then cut into sheets, which may be delivered open or 
folded, as described above. By placing one or more 
impression-cylinders around the type-cylinder, with 
inking and web-tuming apparatus for each, two or 
more rolls of paper may be printed at the same time, 
thus increasing the production of the machine. 

The Hoe Perfecting Web PresSy adapted to print 
from the type itself, consists in the combination of their well-known type-revolving cylinder with 
inking and impression cylinders, and a modification of the sheet-turner so arranged as to turn the 
paper in the path of its travel, and thus present both its sides successively to the type-cylinder, so 
that two or more rolls of paper may be printed simultaneously. 

This machine prints from type on both sides of a endless sheet or roll of paper, cuts it into 
sheets, and delivers them open or folded, as may be desired, at one operation. In its general 
construction and appearance it is not unlike the type-revolving press. The forms of type are 
locked up in curved beds or “ turtles,” and if the machine is for printing an eight-page paper, 
the four outside forms are placed on the large central type cylinder in a group, with their heads 
toward each other, and the four inside forms are similarly placed on the type-cylinder, dia¬ 
metrically opposite to them. As these forms occupy only about one half of the drcumference 
of the type-cylinder, the space between the groups is used as an ink-distributing surface, and 
receives ink from an inking apparatus in the usual manner. The type-cylinder is sumninded by 
and connects with several smaller impression cylinders, alongside of each of which is placed 
a set of form-inking rollers, which, as the type-cylinder revolves, receives ink from the inking 
surface, and in turn inks the forms. If the machine prints from a single roll of paper there 
will be four impression cylinders; if it prints from two rolls, eight impression cylinders are used, 
and double the quantity of work is produced. The paper is taken from rolls, which are about three 
feet in diameter, and contain about four and one half miles of paper, or from 6,000 to 7,<XH) sheets 
each. The webs of paper, having been previously dampened, pass between the type-cylinder and 
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the first two impression cylinders, and receive two consecutive impressions from the outside and 
inside forms alternately, and in this order its first side is printed. The web next runs through a 
simple but ingenious device called a “ turner,” consisting of two stationary bars and a roller, which 
operate to turn the paper over. The web then passes between the type-cylinder and the next two 
impression cylinders, and has its second side printed from the same forms in precisely the same 
manner and order as was the first side, and it is so timed, when presented to these last impression 
cylinders, that the outside pages will be printed on their opposite side from the inside forms, and 
the inside pages will in like manner be printed from the outside forms. Thus, the web of paper as 
it issues from the printing cylinder will be composed alternately of two consecutive sheets, having 
the outside pages uppermost, and two consecutive sheets having the inside pages uppermost. The 
webs of paper now pass on to the cutting cylinders at each extremity of the press, which at each 
revolution cut off a sheet. These sheets enter a series of tapes, which conduct them to ** collecting 
cylinders,” which carry the first sheet around with it, and at its next revolution receive a second 
sheet upon the first one. This pair of sheets, which we will suppose to be the two having the out¬ 
side pages uppermost, are, by means of a device termed a “ switch,” directed off from such collect¬ 
ing cylinder into a set of tapes, which conduct them to a sheet flier, which piles them upon a table. 
The two next sheets, which will be the ones with their inside pages uppermost, arc now collected 
one upon the other, and directed to a second sheet flier; thus all the sheets with their outside pages 
uppermost are laid in one pile, and all those with their inside pages uppermost are laid in another 
pile. In printing four-page sheets, the two outside forms are placed side by side on the type-cylin¬ 
der, with their heads, say to the front side of the press, and the inside forms are put on the cylinder 
diametrically opposit^ but with their heads to the front of the press, for, if the heads of these forms 
were all placed to one side of the press, it is apparent that the paper, when turned over and printed 
on both sides, would have the heads of the pages on its two sides pointing in opposite directions, 
but with the forms properly placed, and the outside pages ** backed ” on the inside forms, and vice 
vereOy the sheet will be correctly printed, and each pair of sheets will be collected and pil^ on the 
proper tables. This machine is constructed to print from two rolls of paper at once. There are 
four impression cylinders placed at each side of the type-cylinder, and a roll of paper is printed, cut, 
and delivered at each side of the machine simultaneously at a speed of 16,000 to 22,000 perfect 
papers per hour. 

It wUl be understood that all the various ** deliveries ” described above are capable of being 
adapted to deliver a paper of two or more leaves pasted together on their centre margins and laid 
down flat, or with any desired number of folds, and in many cases may deliver two varieties of folded 
papers at the same time, as, for instance, folded for mail and also for carriers. The pasting devices 
are of various kinds suited to the form of the paper and the kind of delivery. 

TUe important matter of delivering a supplement with the main sheet is acccmplishcd by the 
following machines and methods, which are secured by patents to B. Hoe k Co.; 

TJu Hoe Perfecting SuppUmerU Frees is of sufBdent width to print the supplement abreast of the 
regular sheet from same roll of paper, which is of course the width of a supplement wider than 
the regular main sheet In this case the supplement portion of the paper is slit longitudinally and 
laid by the sheet-turner upon the main portion, and the paper thus doubled and pasted, if desired, 
enters the delivery mechanism, by which the sheets are cut and folded as previously described, each 
sheet containing its supplement. 

T?ie Hoe Double- WA Perfecting Press is of usual width, but provided with a third type-cylinder, 
which is readily brought into action when a supplement is required, and is also arranged to revolve 
at half or equal speed with the main type-cylinders, as a whole or half-sheet supplement requires. 
The supplement in this case is printed from a second roll of paper, which is printed on one side on 
one end of the third tjrpe-cylinder, then, as it travels around the turner, it is reversed and transferred 
to the other end half of the type-cylinder and backed, when it with the main printed web enters the 
delivery mechanism, which cuts and folds the main and supplement sheets together, and delivers the 
same as single products or signatures. 

By another method, the supplements are printed in advance in a continuous web, which is re¬ 
wound into rolls by simple devices driven by the press. When the regular sheet is to be printed, a 
printed supplement roll is placed in position; the forward end of such supplement web is properly 
entered between feeding cylinders, which are provided with devices by which a supplement is 
severed from the web and associated with a main sheet, with which it is folded and delivered simul¬ 
taneously. These supplement devices are driven at the proper speed, dependent upon the sire of the 
supplement; the accuracy of the operation being insured by devices which automatically regulate 
the position of the relative sheets while the press is running at full speed. 

The Hoe PamphJ^ Press, by which pamphlets are printed and completed from paper in rolls at 
an astonishingly high rate of speed, consists in brief of a combination of the mechanism above de¬ 
scribed, in which case one of the rolls of paper may be of a different color and serve as the pam¬ 
phlet cover, being so placed as to lie on the outside of the other printed webs. 

PRINTING, CALICO. See Calico-Printing. 

PRINTING TELEGRAPH. See Telegraph. 

PROFILING M.\CIIINE. This tool is employed to cut pieces of metal to the exact form and sixe 
of a given patten^ and is mainly used In the production of irregular forms, for which purpose its 
accuracy renders it specially useful In Fig. 8481 is shown this machine as constructed by iVatt k 
Whitney of Hartford, Conn. A is the bed, carrying the cross-slide B, and supporting the work-table 
and the belt-pulley D. Upon B is the sliding head carrying the vertical spindles E, which are 
revolved by belt connection from the pulley D to the pulleys G and //, the latter being fast upmi 
the vertical spindles, which carry in their lower ends revolving aitting tools similar in form to 
reamers. To one side of the sjnndle H, in the clip /, is fastened a guide-pin. In the ordinaiy fonn 
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of marine the manipulation is as follows: A templet of the size and form of the work to be pro¬ 
duced is bolted to the table, and the piece of metal to form the work is also bolted to the table, the 
distant between the work and the templet being the distance from centre to centre of the spindle 
and guide-pin. By moving the table and the slide carrying the spindle, the guide-pin is traversed 
around the edge of the templet, and the revolving cutter cuts the work to the size and shape of the 
pattern, because the motion of the cutter around the work is identical with that of the guide-pin 
around the pattern. 

It is usual to file up the pattern as nearly as possible to the required shape, and then to use the 
first piece cut by the revolving cutter as a pattern, removing it from its position beneath the revolv¬ 



ing cutter to that beneath the guide-pin. In the machine illustrated this is obviated by the iiAroduc- 
tion of the spindle J, The provisional pattern is chucked to the table beneath the spindle and 
the piece of metal to form the permanent pattern is placed beneath the spindle J. The guide-pin is 
placed in Q and the revolving cutter in J; and the permanent pattern is thus cut, chucked in the 
position it is intended permanently to occupy, thus avoiding any error which might arise from moving 
the pattern from one position to the other. The spindle J is then thrown out of gear and the guide- 
pin inserted in it, the revolving cutter changed to the spindle and the work proceeds, the pattern 
never having been changed from the position in which it was cut. It is obvious that if the gearing 
by which the table and cross-slide are operated has any back-lash or lost motion in it, the motion of 
these parts will be inaccurate in turning comers; and to avoid this, double gears and independent 
adjusting screws are employed in the gearing governing their movements, so that by adjusting these 
double gearing and adjusting screws the lost motion may be taken up (one gear-wheel or one screw 
being placed in advance of the other to the amount of the lost motion). The perimeter of the 
revolving cutter acts upon the edges, while its radial end-face acts upon the horizontally lying sur¬ 
faces of the work. J. R. 

PROJECTILES. Projectiles may be classified according to their form, as spherical and elongated; 
according to their structure and mode of operation, as solid, hollow, and case-shot. Spherical pro- 
jecdlea are commonly used in smooth-bore guns. Elongated projectiles are employed in all modem 
forms of rifled cannon. The best length for elongated projectiles, for accurate firing with any ordi¬ 
nary twist, has been found to be from 2 to 3 calibres. The shape is that of a cylinder surmounted 
by a spiral head, or figure generated by the revolution of a spiral or pointed arch about its axis. 
Expanding projectiles are so constmeted as to take the grooves of the rifling by the expansion of a 
ring of soft material, due to the pressure of gases in its rear. To this class belong Parrbtt^s pro¬ 
jectile, which has a cast-iron body and a brass ring cast into a rabbet formed around its base; Dahl- 
gren^s, which is of cylindro-conical shape, and has a leaden cup attached to its base; Shenkle*8, cast 
iron, sarrounded by a papier-macb6 ring; and Hotchkiss’s, made in three portions, which, being 
forc^ together as the gun is fired, cause the expansion of a leaden ring. Projectiles covert with 
lead, copper, or brass, or provided with studs to enter the grooves of the rifles, are also used. Shells 
are hollow projectiles made of cast iron and filled with gunpowder, which is ignited by a fuse at the 
required moment, causing the envelope to fly into fragments. The thickness of metal in a spherical 
shell is about one-sixth the diameter, and the weight of the shell is about three-fourths that of solid 
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shot of the same calibre. Case-shot are a collection of small projectiles inclosed in a case or en¬ 
velope, v^hich is intended to be broken in the piece by the shock of the discharge, or at any point of 
its flight by a charge of powder inclosed within it. The three principal kinds of case-shot are grape, 
canister, and shrapnel. Grape-shot is composed of a number of small shot arranged around a spin¬ 
dle on an iron disk, and held in place by a canvas cover. Canister is a metallic cylinder about one 
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calibre in length, filled with balls and closed at both ends with* wooden or metal disks. Shrapnel is 
a thin-sided shell in which are placed, besides the bursting-charge of powder, a number of small 
balls imbedded in sulphur. 

Exainples of some of the various forms of projectiles are ^ven in Figs. 3482 to 3485. Fig. 3482, 
which represents the Palliser shell, shows the general shape of all elongated projectiles. This is 
constructed of chilled iron. The shot of similar form is cored out. Fig. 8483 is 
the Boxer shrapnel. Fig. 3484 is the Hotchkiss shell. Fig. 3485 is an example 
of a shell coated with lead or other soft metal. 

Devialion of Pr<jjectile $,—^The causes of deviation of all projectiles, indepen¬ 
dent of inaccuracy in pointing and variable position of the gun-carriage, are the 
wind, variable projectile force of the powder used, and rotation of the earth, 
which lost tends to move the projectile with the same velocity in the same direc¬ 
tion as the point upon the surface from which the gun is fired. The chief causes 
of deviation in spherical projectiles are windage, or diflference between diameter 
of projectile and that of the bore; imperfect form or roughness of their sur¬ 
face ; and eccentricities arising from their not being homogeneous. Elongated 
conoidal-headed projectiles, fired from rifled guns giving a right-handed rotation, 
always deviate or “drift” to the right; if the rotation belch-handed, the devia¬ 
tion is to the left. With flat-headed projectiles their deviations are reversed. 

Effects of Projectiles on Armor .—There are two systems of destroying armor 
by projectiles, by punching and by racking. Under the first system projectiles 
are driven completely through the armor, with the object of taking effect on 
whatever may be behind it. On the second system the armor itself is broken 
up and destroyed, leaving the structure it covered exposed to the effects of subsequent fire. The 
former system originally obtained entirely in England; the latter principally in this country, as being 
suited to heavy guns discharging projectiles of great moss with low velocity. Until very recently all 
English investigations have been upon punching projectiles and wrought-iron armor. The introduc¬ 
tion of steel plating, and the disintegrating effects upon it of heavy projectiles, have again brought 
the rocking system into prominence. The various forms of armor and the effects of projectile* on 
the same are described under Armor. 

In order to estimate the probable effect of a projectile upon an object, it is necessary to en.lcu1ate 
the total energy in the projectile at the moment of impact. This is given in the formula —, in 
which W = weight of projectile, V = final velocity, and g = gravity (32.2 ft.). The punching effecta 
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of projectiles are usually compared by calculating what is termed the energy per inch of circum¬ 
ference in foot-tons, which is found by dividing the total energy by the number of inches on the cir¬ 


cumference of the projectile, or 


WV* 

X 


where R = radius of the projectile. 


Where projectiles 


are made of the same material and are similar in shape, their penetration into unbacked plates is 
nearly in proportion to their living force, or their weight multiplied by the square of the velocity of 
impact. The resistance which an unbacked plate offers to penetration is nearly in proportion to the 
square of its thickness, provided this thickness be confined within ordinary limits. In the case of 
oblique plates, the penetration diminishes nearly with the sine of the angle of incidence. 

For weights of projectiles for modem guns, see articles under Ordnance. For bullet-making, see 
Caetridgk-makino Machinert. See also works for reference under Ordnance. A valuable discus¬ 
sion on the resistance of modem armor appears in a paper by Captain C. 0. Browne, R. A., in Rnffi- 
neerin^j xxvii., 69. 

PROPELLERS, SCREW. See Screw-Propellers. 

PUDDLING. See Iron-makinq Processes—Puddling. 

PUGGING. See Carpentry. 

PULLEYS. For designing of pulleys, see Belts. Belt-pulleys, once made entirely of wood, sub¬ 
sequently of wood with iron centres, are now almost universally of cast iron with turned faces (ground, 
fil^, or polished) and carefully balanced. The S arms, once considered indispensable for strength, 
have, in the foundries of the best makers, ^ven way entirely to straight arms. Pulleys thus m^e, 
as shown in Fig. 3486, require less metal, are stronger and more elegant, and, with proper selection of 
iron and precautions in cooling, no trouble will 
result from shrinkage or strains; provided, of 
course, that the hubs, arms, and rim be of the 
correct relative proportions. In this country, 
pulleys, except for special cases or when of very 
large size, are cast in one piece. Large pulleys 
made in two or more parts are cast in segments, 
which are planed and fitted together and secured 
by bolts, and the pulley then bored and turned 
on its face. Pulleys up to about 6 ft. in diam¬ 
eter, however, are frequently cast in one piece, 
but having lugs on the rim and the exterior of 
the bub, separated by cored staves, so that the 
pulley may readily be broken in two by wedges 
and then reunited with rough bolts fitting loose¬ 
ly into cored boles in the lugs: the irregulari¬ 
ties of the broken edges, fitting together, com¬ 
pel the halves always to assume the proper 
relative positions. 

Pulleys should be bored out to fit their shafts 
closely. In the United States they are usually 
secur^ in place by pointed or cupp^ set-screws, 
and in England by taper keys. Large pulleys 
—^for example, all those over 86 in. diameter 
for a 12-in. belt—should have a key in addition 
to the set-screws; but the key, which is half in the shaft and half in the pulley, should only fit on its 
sides (should clear top and bottom), and should never be tapered (see Keys). Taper keys are difficult 
to fit, and tend to burst the bub; Insides, in many positions in which pulleys are put, it is impossi¬ 
ble or very difficult to drive in a key. The proper function of a key is merely that of preventing the 
pulley or coupling from turning on the shaft; and any attempt to make a taper key take the place 
of a good fit not only tends to burst the bub, but to confine the contact between the hub and the shaft 
to a single point, and thereby increase its tendency to work loose. Large pulleys subjected to exces¬ 
sive strains should be a very close fit to the shaft; and it is good practice to fit them exactly and 
force them to place with a screw-press. The chief objection to this plan is that, as it is impracticable 
to make the shaft of an exactly uniform diameter, it is necessary to leave that portion upon which 
the pulley is to fit a trifle larger than the rest of the shaft. The pulley may then be easily moved 
nearly to its place, and only requires forcing for the length of its hub. This plan, however, is open 
to the disadvantage that, if for any reason it becomes necessary to move the pulley along the shaft, 
it will be a loose fit at any other point. To obviate this difficulty, pulleys are often made with split 
hubs held together by stout bolts through the necessary lugs. They are bored a close fit to the shaft, 
and opened by a cold chisel or other wedge, pushed up to place, the wedge removed, and the bolts 
tightened. Pulleys thus made will fit any part of the shaft, and, as actual practice has shown, will 
hold without either set-screws or keys, although both arc sometimes added. 

To keep at the minimum the weight of the moving mass, its inertia and momentum, and the fric¬ 
tion on the journals^ it is very desirable to keep the pulleys (especially if the speeds are high) as 
li«-ht as is consistent with strength; and they should be varied to suit the character of their work. 
Thus, pulleys should be made heavier for double than for single belts, and heavier for a given width of 
face if high than if straight, because straight-faced pulleys are used only for shifting belts, which of 
course are much narrower than the face of the pulley. Thus a 30 x 12 in. pulley, hiffh face^ would 
probably carry a 12-in. belt, while a straight-face pulley of the same dimensions would probably only 
carry a 6-in. belt, and could well be made proportionately-lightcr. Pulleys, once sold like other shaft- 
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ing parts at so much a pound, are now generally furnished at ,bo much a piece, varying with the 
diameter, width of face, etc. 

To increase the adhesion of the belt, pulleys are frequently covered or “ lagged ” with wood, leather, 
or India-rubber; but the fact seems to be that polished iron pulleys present a very close contact to 
the belt, and are only excelled by pulleys covei'ed with leather, which appear to transmit about 20 per 
cent, more power. 

Pulleys are made high {crovoning) on their faces or ttraight according as they are to be used 
for stationary or shifting belts. Thus, in the ordinary case i^ere we have a pulley on a main line 
driving two pulleys, one fast and one loose, on a twuntershaft, the driver is made flat because 
the belt is required to move easily sidewise on its surface, while the driven pulleys are made high in 

the middle of their 
faces (see d and e, JFlg. 
8487), as belts always 
climb to the highest 
point, and are thus kept 
in place in the centre. 
The shifting-forks, being 
placed near the driven 
pulleys, move the belt 
from one to the other, 
while it adjusts itself 
on the driver. 

A very excellent method of arranging fast and loose pulleys is shown in Fig. 8487, where a h rep¬ 
resents an ordinary countershaft, having its ends reduced to a smaller diameter for journals; and 
the loose pulley (e) is bored of the same diameter as the boxes, and is secured in place by the shoulder 
on the shaft and the hanger-box, while oil works from the box into the pulley and assists in its lubri¬ 
cation. Loose pulleys are provided with oil-holes and grooves to distribute the oil; and sometimes 
they have a reservoir cored out in the hub to hold the lubricant Metaline (see Lubbicaxts) has 
been used for lubricating the bearings of loose pulleys with successful results. C. S., Jr. 

PUMPING ENGINES. It has become customary in this country to apply the term “ pumping en¬ 
gine to the large reciprocating pumping machines used for supplying cities and towns with water, 
draining lakes and marshes, and other similar extensive work. A pumping engine, strictly defined, 
includes a pump and its motor united in one machine. This definition, however, would embrace all 
the steam-pumps, however small their size or capacity. The term as commonly used can be regarded 
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therefore only as an arbitrary one, finding its justification in an apparent necessity for some distin¬ 
guishing title for a class of apparatus specialized in its construction with reference to the magnitude 
and nature of the duty to be performed. 

Aarty Pumping Engines .—From about 1768 up to the time of the introduction of the engine devised 
by James Watt, the Newcomen engine, as improved byBeighton, Smeaton, and others, was in almost 
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uniTersal use for raising large quantities of water. In this machine the steam passed into the cylin¬ 
der, equilibrating the pressure of the atmosphere and allowing the heavy pump-rod to fall. This 
rod, acting by its weight through a vibrating beam, thus raised the piston to the top of the cylinder. 
4 jet of water was then turned into the cylinder, producing a vacuum by the condensation of the 
steam, and causing the air-pressure above the piston to force it down. Newcomen’s first engine 
made from 6 to 8 strokes per minute ; the later and improved engines made 10 or 12. The machine 
was simply an “atmospheric engine.” It was converted into a steam-engine by the remarkable 
genius of Watt To it he applied his first and greatest invention, the separate condenser. With 
the latter he combined the air-pump, to relieve it not only of the water but of the air, which also 
usually collects in considerable volume and vitiates the vacuum. He covered the top of the cylinder, 
causing the piston-rod to play through a stuffing-box, and surroimded the cylinder with a steam- 
jacket, through which steam from the boiler was conducted. These were the first endeavors to keep 
the steanM^linder of an engine as hot as the steam which enters it—a problem which modem engi¬ 
neers are s^l seeking to solve. 

W^att’s first engine was erected at a coal-mine on the estate of the Duke of Hamilton at Einneil, 
near Borrowstounness. It is represented in Fig. 8488. The steam passes from the boiler through 
the pipe d and the valve e to the cylinder-casing or steam-jacket y, and above the piston 6, which it 
follows in its descent in the cylinder a, the valve f being at this time open to allow the exhaust to 
pass into the condenser h. The piston now being at the lower end of the cylinder and the pumps 
filled with water, the valves e and / close, while e opens, allowing the steam which remains above 
the piston to flow beneath it, until, the pressure becoming equal above and below by the weight of 
the pump, it is rapidly drawn to the top of the cylinder, while the steam is displaced above, passing 

to the under side of the piston. 
Now the valve t is closed and c 
and / are again opened, and the 
down stroke is repeat^ as be¬ 
fore. The water and air enter¬ 
ing the condenser are removed 
at each stroke by the air-pump 
t, which communicates with the 
condenser by the passage shown. 
The pump q supplies condensing 
water, and the pump A takes 
away a part of the water of con¬ 
densation, which is thrown by 
the air-pump into the “ hot-weU ” 
A:, and with it supplies the boiler. 
The valves are moved by gear 
by the pins m m in the “ plu^ 
frame” or “tappet-rod” n «. F 
is an opening out of which, be¬ 
fore starting the engine, the air 
is driven from the cylinder and 
condenser. 

The invention of the expan¬ 
sion of steam and of the crank 
and fly-wheel resulted in mate¬ 
rial improvements in the engine 
as above described. It also was 
made double-acting. Up to this 
period the history of the pump¬ 
ing engine is substantially that 
of the steam-engine. Since the 
time of Watt improvements have 
tended to adapt the machine to 
particular applications, and thus 
the pumping engine becomes dif¬ 
ferentiated from the engines spe¬ 
cially adapted to other uses. 

TKb Conmh Pumping Engine 
is in all its general features the 
same as Watt’s engine. It is 
represented in Fig. 8489. It is single-acting, and has a steam-jacket and 
a plug-rod valte-gear, J K. The improvements are principally in the 
form and proportions of its parts, and in its adaptation to high steam 
and short cut-off. A is the steam-cylinder, B C the piston and rod, D 
the beam, and E the pump-rod. The condenser is seen at Oy and the air- 
pump at H. The steam-cylinder is steam-jacketed, and is surrounded by 
a casing O, composed of brickwork or other non-conducting material. 
Steam is first admitted above the piston, driving it rapidly downward and raising the pump-rod. At 
an early point in the stroke the admission of steam is checked by the sudden closing of the indue- 
tiofD-valve, and the stroke is completed under the action of expanding steam assisted by the inertia 
of the heavy parts already in motion. The necessary weight and inertia are afforded in many cases, 



Digitized by 


Google 




688 


PUMPING ENGINES. 


where the engine Is applied to the pumping of deep mines, by the Immensely long and heavy pump- 
rods. Where this weight is too great, it is counterbalanced; and where, as when used for the water- 
supply of cities, too small, weights are added. When the stroke is completed, the “ equilibrium- 
v^ve is opened, and the steam passes from above to the space below the pbton, and, an equilib¬ 
rium of pressure being thus produced, the pump-rods descend, forcing the water from the pumps 
and raising the steam-piston. The absence of the crank or other device which might determine ab¬ 
solutely the length of stroke compels a veiy careful adjustment of steam-admission to the amount 
of load. Should the stroke be allowed to exceed the proper length, and should danger thus arise of 
the piston striking the cylinder-heads, the movement is checked by buffer-beams. 1%e regulation is 
effected by a ** cataract,*’ a kind of hydraulic governor, consisting of a plunger-pump with a reser¬ 
voir attached. The plunger is raised by the engine, and then automatically detached. It faUs with 
greater or less rapidity, its velocity being determined by the size of the eduction orifice, which is 
adjustable by hand. When the plunger reaches the bottom of the pump-barrel, it disengages a catch, 
a weight is allowed to act upon the steam-valve, opening it, and the engine is caus^ to make a 
stroke. When the outlet of the cataract is nearly closed, the engine stands still a considerable time 
while the plunger is descending, and the strokes succeed each other at long intervals. When the 
opening is greater, the cataract acts more rapidly, and the engine works faster. This has been re¬ 
garded until recently as the most economical of pumping engines, and it is still generally used in 
Europe in freeing mines of water. 

Fig. 8490 represents a lighter, cheaper, and almost equally effective machine, known as the Bull 
Cornish or direct-acting Cornish engine. It was first designed by the competitor of Watt by whose 
name it is known. As is seen by reference to the engraving, its cylinder a is directly above the 
pump-rods c, and is. carried on cross-beams, h b. The air-pump mlop^ the tank n, and valve- 
gear 9 r «, are quite similar to those of the beam Cornish eiigine. The balance-beam is seen at h t. 

The duty or useful effect of the Cornish pumping engine has been closely observed, and tabulated 
over a large number of years. It is found to have greatly improved in course of time. It is esti¬ 
mated by the number of pounds raised one foot high by a bushel of Welsh coal (94 lbs.). The fol¬ 
lowing table shows the reported gradual increase in duty : 

Pounds 1 ft. high. 


In 1769, the Newcomen engine. 6,600,000 

“ 1772, “ “ improved by Smeaton. 9,600,000 

From 1778 to 1816, Watt’s engine. 20,000,000 

In 1820, improved Cornish engine (average dutv). 28,000,000 

“ 1826, “ “ “ ‘ . 80,000,000 

“ 1827, “ “ ** 82,000,000 

“ 1828, “ “ “ . 87,000,000 

“ 1829, “ “ “ 41,000,000 

“ 1880, “ “ “ 48,860,000 

“ 1839, “ “ « 64,000,000 

“ 1850, “ “ “ 60,000,000 

Consolidated Mines, highest duty, 1827. 67,000,000 

Fowey Consols (Cornwall), highest duty, 1884. 97,000,000 

United Mines, highest duty, 1842. 108,000,000 


TTie Haarlem Lake Pumping Engine^. —Be^nning in 1847, three engines of special constractiQfn 
were erected for the purpose of draining Haarlem Lake in Holland. The area of this lake was 45,- 
280 acres, and the estimated contents to be pumped out was about 800,000,000 tons. The engmes 
erected were respectively named the “ Leeghwater,” the “ Cruquius,” and the “ Lynden,” ^after 
three celebrated engineers who had at different periods proposed plans for the work. The Leegb- 
water was first erected; and on testing was found to give a duty of 76,000,000 lbs. (lifted 1 foot by 
94 lbs. of Welsh coal), while exerting a net effective force of 360 horse-power, and consuming 2^ lbs. 
of coal per horse-power per hour. The Leeghwater engine is described as follows; The two steam- 
cylinders are placed concentrically, one within the other, the diameters being 144.37 in. and 84.25 in. 
Both are united to the same bottom; but there is a clear space of in. between the inner cylinder 
and the top. The large cylinder is jacketed. The areas of the pistons are as 1 to 2.S 5. The pistons 
are connected to a great cap or cross-head by one main and four small piston-rods. The engine works 
11 pumps of 68 in. diameter each. Each pump has a cast-iron balance-beam, which radiates from 
the centre of the piston-rod; the inner and outer arms are of equal lengths from the centre gudgeon. 
The inner ends of the balance-beams are furnished with cast-iron rollers, working against a plate, 
fitted with guides for each roller, which is screwed up against the under side of the great cap; each 
beam is connected to the cap by two slotted bridles, to insure simultaneous upward motion daring 
the up stroke of the engine. From the outer end of the balance-beam the pump-piston is suspended 
by wrought-iron rods, and an additional length of chain cable attached to the^pump-piston. The 
steam- and pump-pistons both perform a stroke of 10 ft. in length. Each pump by calculation should 
deliver 6.02 tons of water per stroke, or 66.22 tons for the 11 pumps. Actual admeasurement of the 
quantity, however, showed the delivery to be 63 tons. The action of the engine is as follows : Steam 
being admitted into the small cylinder, the whole of the dead weight and pump-balance beams at¬ 
tached to the great cross-head are elevated with it, and the steam being cut off at such portion of the 
stroke as may be required, the remainder Is effected by the momentum acquired by the dead weight 
and the pressure of the expanding steam upon the small piston (the pump-pistons at the same time 
make their down stroke); at the end of the up stroke a pause of one or two seconds is requisite, to 
enable the valves of the pump-pistons to fall out, so that upon the down stroke of the steam-piston 
they may take their load of water without shock. During this time it is necessary to sustain the 
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great cross-head and its load of dead weight at the point to which it was elevated bj the up stroke, 
as otherwise it would fall back until the expanded steam under the small piston was compressed to 
a density equal to the pressure per square inch of the load lifted, or would cause a very violent shock 
upon the pump-valves by suddenly throwing them out against the sides of the pumps. To avoid 
these evils an ingenious hydraulic apparatus was devised, which operates as follows : When the en¬ 
gine makes its op stroke, plunger-poles (which form part of the dead weight) are lifted, and the water 
from stand-pipes and reservoirs provided for the purpose follows up the plunger-poles as fast as they 
are elevated. At the end of the stroke spherical valves instantly close, and the dead weight is sus¬ 
pended exactly at the point at which it had arrived—^and, of course, if the valves are tight, could be 
maintained there for any given period: in consequence of all strain being thus removed, there is no 
pressure to close the valves of the pump-pistons beyond their own weight; therefore they fall out 
without the slightest shock. To make the down stroke, an equilibrium steam-valve and the hydraulic 
valve are opened simultaneously: the water from beneath the plungers escapes to the stand-pipes 
and reservoirs, and the steam from the small cylinder passes round to the upper side of the small 
and annular pistons, puts the pressure on the small piston in equilibrium, and presses upon the annu¬ 
lar piston (beneath which a constant vacuum is maintained), in aid of the dead weight now resting 
upon the inner ends of the pump-balances: by the united effort, the pump-pistons are elevated and 
the water is discharged. Before the next stroke is made, the eduction-valve is opened and a vacuum 
formed over both pistons. The use of the two cylinders enables the engineman, by judiciously alter¬ 
ing the expansion in the small cylinder, to command his work at all times without stopping the engine 
to take out or put in dead weight, as would be necessary for a single-acting one-cylinder engine, where 
dead weight only is used for lifting the water. Each engine has two air-pumps of 40 in. diameter 
and 5 ft. stroke. The steam is cut off in the small cylinder at from onc-quartcr to two-thirds the 
stroke, according to the load; and after expanding through the remainder of the stroke, it is still 
further expandt^ in the large cylinder. 

Pumping by the three engines above named was continued from May, 1848, to July, 1862. For 
elevations and plans of the machines, see Civil Engineer's and Architects Journal^ vol. x., London, 
1847. See also Drainage. For application of other pumps to draining purposes, see Pumps, Cen¬ 
trifugal. 

Compound Pumping Engines^ in which the steam exhausted from one cylinder is further expanded 
in the second, were first introduced by Homblower in 1781, and were patented in combination with 
the Watt condenser by Woolf in 1804. Fig. 8491 represents an ordinary form of compound pump- 
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ing engine, having a double cylinder A and working the combined bucket and plunger or double¬ 
acting pump J. In its. cylinders the steam is usually expanded from four to eight times. 

The Worthington Duplex Pumping Engine. —This engine is referred to under Pumps, Steam. In 
its latter forms it is extensively used for the supply of water-works, and has aeliieved notable results 
in point of efficiency and economy of working. A perspective view of the engine is given in Fig. 
3492, and its interior construction is shown in the sectional view. Fig. 8498. The machine consists 
of two pairs of steam-cylinders, A B, placed side by side, each pair driving a pump-plunger, E^ at¬ 
tached to its piston-rod, and each having its valve-gear, /fZ, J/JV, actuated by the movement of 
the piston of die other. The full-pressure steam from the cylinder A expands in the cylinder Z, and 
then passes to the condenser C. D D are the air-pumps, worked from the bell-crank lever JZ, by 
means of links IK. QR are balanced steam-valves, V V the suction-valves, and T T the discharge- 
valves. Being many in number, they are quickly opened and closed, having but a small lift. There 
is no fly-wheel, and the valve-gear of each of these independent engines is controlled by the other in 
such a manner that when one pair of pistons is at the end of the stroke the other pair is in motion. 
At the end of the stroke the pistons are stationary an instant, before they recommence their motion, 
thus allowing the water-cylinder to be completely filled and the valves to be seated without shock. 
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The Worthington engine shows regular average yearly duties as high as 60,000,000, in which fuel 
necessarily expended on account of stoppages is included. 

As regards economy of working, the following table is taken from the report of Mr, Charles E. 
Emery, C. E., one of the jujlges at the Centennial Exposition of 1876: 


Table ghoving Comparative Cost of operating Pumping Engines at Philadelphia^ Pa. 


T- 

1 NA^^E OF 

1 PUMPING ENGINE. 

1 

TYPE OP KNOINE. 

COST OF BAIBINO ONE MILLION GALLONS 
ONE FOOT HIGH. 


1878. 

1873. 

1674. 

1875. 

1875. 

1 

* Belmont. 

2 Worthlnifton Duplex.. 

1 rtill Cornish and 1 Worthlnjrton Duplex. 

OnU. 

T 

Crats. 

7.OS 

Cents. 

7.68 

Cent*. 

7.84 

Cent!. 

7.07 

Roxboroagh . 

9.9 

9.92 

9.19 

10.80 

9.51 

1 DeUwaro. 

1 high- and 1 low-pressure rotative and 1 Worth¬ 
ington Duplex, '1 ftill Cornish. 

1 18.2 

18.14 

14.85 

12 99 

12.69 

' Schaylkill. 

1 donble-cWinder rotative, 1 bell-crank rotative... 

11.2 

17.86 

16.97 

17.05 

18.40 

1 OormAntowD. 

1 high-pressure rotative. 

86.2 

. 

. 




The same report states that “ in the Worthington engines the weight and friction of moving parts 
are reduced to a minimum, and the elastic force of the steam practically acts upon the water-column 
directly, whereby is secur^ simplicity of construction and smoothness of working, with a material 
reduction of frictional resistance; also freedom from the danger incident to handling the heavy 
weights in the original form of non-rotative engines. The expansion of steam in the Worthington 
pumping engine is determined principally by the size of the compound cylinders, and is suflBcient, in 
connection with the freedom from jar and the low resistance of engines and pumps, to secure duties 
which are quite high, when it is considered that the maximum steam-pressure so far employed is only 


Results of Trials of Worthington Pumping Engine, 


DETAILS. 

Ntwwk, N. J., 
Januarv 85, 
1670. 

Snlcm, Msm., 
Novembsr^ 
1874. 

Lowell, Mum., 
JuD« 29, 80, 
1876. 

Fmll River, Msm., 
October 4, 

1876. 

Daratlon of test, hours. 

Coal burned, lbs. 

Number of strokes.. 

Average length of stroke. In. 

Average water-pressure, lbs. per sq. In. 

Duty per 100 lb«, of coal, foot-pounds. 

Loss of action of pump, per cent. 

8 

8,200 

21,776 

4S.t»9 

75 6S 
77,157,840 

1 

207.52 

67.675 

664,841 

79,859,100 

22.77 

9,400 

15 637 
47.16 
62.118 
69,000,488 
2.25 

18 

6.6n0 

81,876 

49.7 

94.02 

70,977,177 


Some particulars of the results of contract trials of these engines, furnished by the manufacturers, 
will be found in the accompanying table. All the trials were made in the manner which has been 
commonly adopted in duty tests, commencing the nin with the fires in good condition, and charging 
all coal consumed thereafter until the conclusion of the test. 
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40 lbs.’* From 1860 to 1876 no less than 80 of these engines, with capacities yarying from 600,000 
to 15,000,000 gallons daily, were erected in different parts of the United States and Canada. Full 
particulars of these, together with a complete discussion of the Worthington system of pump con¬ 
struction, will be found in a work on the subject published by the manufacturers. 

The HoUn Pumping Engine is illustrated in figs. 3494, 3495, and 3496. Fig. 3494 is a pcrspec- 
tiye view. Fig. 3496 a section, and fig. 3495 represents the regulator. The engine shown is that 
erected by the Holly Manufacturing ^mpany of Lockport at Buffalo, N. Y., for the supply of the 
water-works of that city. Results of duty trials made upon the machine by Park Benjamin’s Scien¬ 
tific Expert 0£Bce, expressly for this work, will be found in another part of this article, under “ Duty 
Trials of Pumping Engines.” This engine has four steam-cylinders, inclined at an angle of 46'', and 
four pumps, one of which is in a direct line with each cylinder. The steam-cylinders and their 
pumps are arranged in pairs, on opposite sides of a heavy iron frame, 
the two cylinders of each pair being connected to a common crank- 3495. 

pin, and the crank for one pair of cylinders being set 135" in ad¬ 
vance of that on the opposite side. The engines are of the recipro- 
cating-piston form, with guides and connecting-rods. A connecting- 
rod attached to the back crank-pin actuates an air-pump beam, giving 
motion to two single-acting air-pumps and two boiler feed-pumps, 
one of which draws water from the hot-well, and the other from the 
steam-jackets which surround the sides of all the steam-cylinders. 

The steam from the jackets passes through a feed-water heater, so 
that the temperature of the feed can be raised to any desired point 
by increasing the amount of steam supplied to the jackets. The 
connection of the pumps with the steam-cylinders, and of the steam 
piston-rods with the cross-heads, is by means of keys, so that any 
engine or pump can readily be thrown out of action. Each steam- 
piston is packed by cast-iron rings, set out by a spring, the set-screw 
of which projects beyond the face of the piston; and there are bon¬ 
nets in the upper cylinder-heads, so that the piston-rings can be 
adjusted without removing the cylinder-covers. The pumps are of 
the piston variety, double-acting, the pump-barrel being secured in 
a chamber containing the valves by a rib which forms a partition 
between valves on the opposite ends. The pump-valves are flat 
disks of rubber, secured to iron disks having stems working in 
guides. These iron disks are of sufficient weight to bring the valves 
to their seats promptly, and no springs arc used. The valves seat 
on metal gratings. 

The steam- and exhaust-pipes of the several steam-cylinders are 
so arranged that steam from the boilers can be admitted directly 
into all the cylinders, and exhausted into the condenser, or live 
steam can be admitted to but one cylinder, and exhausted into the 
other three, thence passing to the condenser, thus forming a com¬ 
pound engine, at pleasure. To change from direct to compound, it 
is only necessary to manipulate three valves, one connecting the 
steam-pipe of three cylinders with the boilers, one connecting the 
exhaust-pipe of the fourth cylinder with the condenser, and the third 
one connecting the exhaust-pipe of one cylinder with the steam-pipo 
of the other three. The valve-gear of each steam-cylindcr consists 
of a slide-valve moved by an eccentric in the usual manner, and ad¬ 
mitting steam throughout the whole stroke. A double puppet-valve 
in the steam-chest regulates the point of cut-off, being actuated by 
a revolving spiral cam, which can be moved in an axial direction 
and thus vary the period of admission from zero to full stroke. The 
manner in which this cam is moved so as to regulate the speed and 
power exerted, constitutes the chief peculiarity of the Holly pumping 
engine. The adjustment is effected by means of a regulator connected 
with the main in such a manner that any change in water-pressure is 
immediately corrected by an adjustment of the cut-off, resulting in a 
practically uniform water-pressure under the most varying conditions 
of supply. Referring to Fig. 3494, it will be seen that there is a small 
water-cylinder containing a solid piston, connected directly with the 
main, and a weight is attached to the piston, so as to counterbalance 
the water-pressure. This is effected by suspending the weight from a strap which passes over a cam 
that rotates as the pressure varies, thus changing the lever-arm of the counterbalance, and keeping 
H in equilibrium with the water-pressure, however much the latter may vary. The cut-off cams of 
the steam-cylinders are moved axially, either to shorten or lengthen the cut-off, when the regulator 
throws a friction-clutch into gear, which it does whenever the water-pressure varies from a given 
amount. A weighted lever would maintain this friction-clutch in gear continually were it not for the 
action of the regulator. The shaft on which the counterbalance-cam rotates has an index-wheel, 
and index that can be set at any desired water-pressure. So long as the water-pressure varies from 
the figure at which the index is set, the friction-clutch is kept in gear by the weighted lever, and the 
cut-off ia adjusted until the required pressure is reached. At this point the index engages with the 
wei^ted lever, and throws the friction-clutch out of gear. Whenever the water-pressuce varies, the 
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friction-clutch is thrown into gear again, changing the cut-off, so as to maintain the water-pressure 
constant. It will be seen that the cut-off is regulated bj positive gear driven by the engine, and the 
only work required of the regulator is to connect or disconnect this gear. Should the pressure rise 
very suddenly, however, a piston in a safety-cylinder raises a lever to which the cut-off gear is con- 

8496. 


8497. 


nected, and throws the cut-off to zero instantly if this is requisite. A regulator, it is scarcely ] 
sary to say, is an essential feature of a direct pumping system in which the supply constantly varies. 

TKe Leavitt Pumping Engine is the design of Mr. E. D. Leavitt, Jr., C. E., of Cambridgeport, Mass. 
That which formed the subject of the test made by Park Benjamin’s Scientific Expert Oflfice, elsewhere 
described in this article, supplies the water-works at Lawrence, Mass. A perspective view of the ma¬ 
chine is given in a full-page plate, and a sectional view in Fig. 8497. This is a compound beam-en¬ 
gine, the steam-cylinders of which are inclined outwardly at the top to connect with opposite ends of 
the working-beam. The cylinders are jacketed on the sides and heads, steam of boiler-pressure 

being used in the jacket of the high-pressure cyl¬ 
inder, and steam of a reduced pressure in the 
other jacket. The drainage from these jackets 
is ordinarily returned directly to the boilers; but 
on the occasion of the trial, the connections with 
the boilers were broken, and the jacket-drainage 
was allowed to mingle with the other feed-water 
drawn from the hot-well. The steam- and exhaust- 
valves are gridiron slides, giving large openings 
with small movements. The valves are actoated 
by cams which are driven by gearing from the 
crank-shaft, and a centrifng^ governor adjusts 
the cams operating the steam-valves of the high- 
pressure cylinder, so as to vary the point of cut¬ 
off and maintain a constant engine-speed. The 
pump is driven by a connecting-rod attached to 
one end of the working-beam. The pump con¬ 
sists of a plunger to which is attached a bucket, 
with valve opening upward. There are seven 
receiving valves and four delivery valves, in ad¬ 
dition to the valve in the bucket, the water being 
discharged from the pump through two delivery 
pipes, above and below the bucket respectively. 
The pump-valves consist of loaded rubber disks, 
with central guiding stems. The original valves 
were of metal, double-beat, and the introductioQ 
of the present form has greatly increased the 
pumping efficiency. 

The Corliss Pumping Engine ,—^A pumping engine on the Corliss system was constructed at Paw¬ 
tucket, R. I., in 1878. It has two steam-cylinders, the pump piston-nkls being continuations of the 
steam piston-rods. The pump piston-rods are continued tl^ugh the pump-cylinders, and their 
front ends are connected to cross-heads working in guides. Connecting-rods attached to theee 
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cross-heads give motion to two vibrating levers, one of which actuates the air-pump and the other 
the boiler f^-pump. Two main connecting-rods, attached to these swinging levers, with a leverage 
twice that at the point of connection with the pump piston-rods, and connected at their opposite 
ends to cranks, give motion to a fly-wheel shaft, the bearings of which are secured to rectangular- 
shaped air-vessels. The effect of this novel form of connection is obvious. The pump connecting- 
rods have but little angular vibration, thus materially lessening the friction on the guides. The 
steam-cylinders arc arranged on the compound principle, steam being admitted from the boilers 
to one cylinder, and exhausted into a receiver, from whence it is admitted to the second cylinder, 
and is &ially exhausted into the condenser. Both cylinders are steam-jacketed, with steam of 
boiler-pressure, on the sides and heads, and the jackets are drained by a pump which delivers the 
water into the boiler feed-pipe. The receiver is also drained by a second pump, and all condensed 
steam is reevaporated in a heater in the boiler-flue and returned to the receiver. The engines are 
fitted with the well-known Corliss valves and valve-motion, the latter having the peculiarities of 
that used in the large Corliss engine in Machinery Hall at the Centennial ^hibition. The cut¬ 
off valves are controlled by a governor, which, however, acts ordinarily only when the speed of the 
engines is unduly increased; and a hand-lever is commonly used for regulating the point of cut-off. 

The pumps consist of plungers working through packed rings. T%e pump-valves are arranged 
around the pump-barrels, and are thin disks of phosphor-bronze, kept to their seats by light spiral 
springs of a peculiar form, which also act as guides. 

The bmlers are of the vertical fire-tube pattern. The principal dimensions of the engines and 
boilers are as follows: 


Principal Pimensions of (he Corliaa 


Diameter of high-pressure cylinder. 16 in. 

“ of low-pressure cylinder.. 80 “ 

** of pump-plungers. 10.62 in. 

** of all piston-rods. 2.6 in. 

Stroke of cylinder and pumps. SO in. 

Effective area of pump-plunger.... 82.012 sq. in. 
Displacement of both pumps per 

revolution.. 6.6963 cub. ft 

Diameter of air-pump, single-acting 20 in. 

Stroke of air-pump. 7 ** 

Number of valves in each pump... 280 
Area of opening, receiving, and de¬ 
livery valves at each end of 

pump. 122.64 sq. in. 

Capacity of air-vessel. 10.76 cub. ft. 


{Pawtucket^ R. I.) Pumping JSngines. 


Diameter of force-main.20 and 24 in* 

Length of force-main, 12,300 ft., 24 in. in diame¬ 
ter, and 7,800 ft., 20 in. in diameter. 

Diameter of suction-pipe. 16 in. 

** of steam-pipe. 6 “ 

** of exhaust-pipe. 7 “ 

“ of receiver.-. 16 “ 

Length of receiver. 121 “ 

Diameter of condenser. 10 

Length of condenser. 68 

Diameter of fly-wheel shaft. 6 “ 

Length of “ “ . 18 ft 

Length of engines over all. 84 “ 

Width of “ “ 19 “ 

Height of “ “ 19 “ 


Principal DimensUme of the Boilem. 


Number of boilers. 8 

Diameter of each boiler. 4 ft 

Height of “ “ . 14 “ 

Number of tubes in each boiler ... 48 

Outside diameter of tubes. 8 in. 

Diameter of grate. 6 ft 

Total grate-surface in boilers. 68.906 sq. ft 


Total water-heating surface.1281.6 sq. ft. 

** superheating surface. 608.8 ** 

“ cross-section of tubes. 6.09 ** 

Ratio of water-heating surface to 

grate-surface.. 29.6 

Ratio of cross-section of tubes to 
grate-surface. 0.103 


Reports of duty trials of this engine will be found in the American Machinist, vol. I, No. 12, and 
voL iL, No. 16, and in Engineering, xxviii., 189. 

Duty Trials of Pumpino Engines. —^The “duty” of a pumping engine, to which reference is 
frequently made in this article, is the effective work of the engine, expressed in foot-pounds of 
work done for each 100 lbs. of coal consumed. The effective work of the engine is evidently the 
pressure in pounds per square inch under which the pumps deliver water, multiplied by the area in 
square inches of the pump-pistons producing this pressure, and by the distance in feet travelled by 


the piston. 


The duty therefore = 


100 

C 


in which expression, P = water-pres¬ 


sure, in pounds per square inch; A = area of all pump-pistons, in square inches ; S = feet travelled 
by all pump-pistons per revolution or double stroke; R = total revolutions or double strokes of 
engjne; and C = pounds of coal burned. 

Whether the effective work of the engine is also useful work depends upon the condition of the 
pumps; and the actual capacity of the engine can only be determined by a test in which the water 
deliver^ by the pumps is measured. It will be evident, however, that the effective work of the 
engine is measured by the speed of the pumps and water-pressure due to their action, whatever be 
the amount of water delivered. In other woids, the pump performs an office somewhat similar to 
that of the friction-brake, indicating what amount of work can be done by the engine if the pump is 
delivering water. Of course, a pump which does not deliver water is of no practical use; but as 
pumps are ordinarily constructed, any loss of action is attended by a reduction in the water-pressure, 
so that the above expression for the calculation of duty will give results that are substantially cor¬ 
rect if proper care is observed in noting the required data. These data, aside from the dimensions 
of the pump (as will be seen by a reference to the formula for duty), are three In number: 1. The 
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number of revolutions, or double strokes; 2. The water-pressure; S. The amount of coal burned. 
The number of revolutions can be readily ascertained by the indications of a counter; the water- 
pressure can be obtained from the readings of one or more accurately-adjusted gauges; and accurate 
scales are the only apparatus required for determining the weight of coal consumed. 

In spite, however, of the ease with which these elements can be determined, they have not been 
measured accurately in any tests made in this country that have been brought to the attention of the 
writer, with a single exception—guesses and assumptions being resorted to, in lieu of accurate obser¬ 
vations. Tbe nature of these assumptions may be briefly referred to. In the determination of the 
water-pressure, it has often been the custom to make an arbitrary allowance for the friction in cer¬ 
tain portions of the pipes, beyond what is indicated by the gauges. But the greatest error has ordi¬ 
narily been committed in what was assumed to be the amount of coal burned—it being tbe amount 
put into the furnace between the time of stopping and that of starting the trial, assuming that there 
was precisely the same weight of fuel in the fire, and in the same condition, at the commencement 
and conclusion of the run. The error in this mode of measurement has frequently been diminished 
by continuing the trial for a considerable period of time, so that any extra allowances become a 
smaller percentage of the actual consumption. These extended trials, however, requiring a lai^ 
number of observers, usually Involve such an expense as to be prohibitory, except in special instances. 

From what has been said, the reader will perceive that a test of the duty of a pumping engine 
does not necessarily involve any assumptions, and does not require a large corps of observers, or 
very great expense; the elements necessary for the calculation being few in number, and readily 
obtained. In order to give prominence to this point, and at the same time obtain information in 
regard to the performance of pumping engines designed by prominent engineers in this country, Park 
Benjamin’s Scientific Expert Office has made a series of tests of the Holly pumping engine at Buf¬ 
falo, N. Y., and of the Leavitt pumping engine at Lawrence, Mass. In each of these experimenta, 
the number of revolutions made by the engines was recorded by a counter. The water-pressure was 
measured in each instance by a spring-gauge connected to the main just above the level of the de¬ 
livery valves of the pump, with other measurements, which will be described, of the pressure in the 
suction-pipe. 

In the case of the Holly pumping engine, the water was delivered to the pumps under pressure, 
and a mercury-gauge connect to the suction-pipe just below the level of the receiving valves of the 
pump indicate the amount of pressure. The difference of level between the gauges on main and 
suction pipes was measured, whence the value of the water-pressure, in pounds per square inch, waa; 

( Average readi^ -f ^ difference of level of gauges \ / average reading of \ 

of gauge on main / \ in feet x 0.433 / \ gauge on suction /. 

The pump of the Leavitt pumping engine was placed in the well, and a float indicated the distance 
between the level of water in the wm and the pressure-gauge on the main, so that the water-pressure, 
in pounds per square inch, was: 

(Average reading of gauge on main) 4* (distance from level of water to gauge in feet x 0.433). 

All the gauges used for indicating the pressure in the main were tested, both before and after the 
trial, by comparison with a differential mercury-gauge, the same test-gauge being used in all the ex¬ 
periments. 

To determine the amount of coal consumed during the experiment, before commencing a nm fires 
were hauled from the boiler furnaces, the ash-pits were cleaned, and the fires were immediately 
rekindled with coal and wood, which were charged to the experiment, each pound of wood being reck¬ 
oned as equivalent to four-tenths of a pound of coaL At the time of starting the fires, the steam- 
pressure and water-level in the boilers were noted. As soon as the fires were in sufficiently good 
condition, the engines were started, and the trial commenced, all coal put into tbe furnaces being 
charged; and when, after tbe last firing, the steam-pressure had fallen to the point at which it stood 
when fires were started, the water-level being also tbe same, the trial was ended. Tbe fires were 
immediately hauled and weighed, and as soon as practicable all unconsumed coal was picked out and 
weighed back, the remainder being charged as ashes. It seems difficult to conceive of a more accu¬ 
rate mode of measuring the coal consumed, so that a trial can be made with absolute accuracy in a 
short period of time, and all tbe observations can be under the control of a single expert. 

In the experiments made by Park Benjamin’s Scientific Expert Office, indicator diagrams were taken 
from steam- and pump-cylinders, in order to calculate the efficiency of the pumps. The scales of all 
springs used in the trials were determined by experiment, testing the springs us^ on the steam-cylin¬ 
ders under steam-pressure, and those used on pump-cylinders under water-pressure. This is a mat¬ 
ter of considerable importance, where accurate results are desired, since the scale of a spring changes 
considerably when the spring is heated. The feed-water was measured in barrels placed upon 
platform scales. In the Holly engine test the feed-water was delivered to the barrels by the en^ne 
feed-pump, and was forced into the boilers by a steam-pump supplied with steam from an auxiUary 
boiler ; and in the case of the Leavitt engine, tbe feed-water ran into the barrels from the hot-welL 


L Tettt of the Holly Pumping Engine ai Buffalo^ N, F., June 26 and 27, 1879, made by Park Benja-^ 
mifCe SderUifie Expert Office, Trial* conducted by Richard U. Bud^ C, E, 

The construction of this engine is described on page 693. Its principal dimensions are as follows: 


Number of steam-cylinders........ 4 

Diameter of “ . 26 in. 

Length of stroke of cylinders. 83 “ 

Diameter of piston-rod.. 3.11 in. 

Length of connecting-rod. 8.26 ft. 


Diameter of shaft. 10 in. 

“ of fly-wheel. 12.3.S ft 

Width of rim of fly-wheel. 10.26 in. 

Depth “ “ . 8.6 “ 

Weight of fly-wheel.16,000 Iba. 
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Number of air-pumps. 2 

Diameter of “ 24 in. 

Stroke of “ . 80 “ 

Diameter of condenser. 4.33 ft. 

Length of “ . 29 in. 

Diameter of main steam-pipe. 8 ** 

** of steam-pipe for each en¬ 
gine. 5 “ 

Diameter of main exhaust-pipe_ 10 “ 

“ of exhaust-pipe for each 

engine. 6 “ 

Extreme length of engine. 43 ft. 

“ height “ . 26.76 ft. 

“ width “ . 17 ft. 

Number of pump-cylinders. 4 

Diameter of pump-cylinders. 16.6 in. 

Length of stroke of pump-cylinders.. 83 in. 

Diameter of piston-rod of pump-cyl¬ 
inders. 2.86 in. 


Displacement of all pumps per revo¬ 
lution .212 U.S. gals. 

Number of suction- and discharge- 

valves at each end. 6 

Area of opening of suction- and dis¬ 
charge valves at each end.147.96 sq. in. 

Diameter of main suction- and dis¬ 
charge-pipes . 24 in. 

Diameter of suction- and discharge- 

pipes at each pump. 14 “ 

Number of discharge air-vessels.... 4 

Internal diameter of discharge air- 

vessels . 22 in. 

Internal height of discharge aii- 

vessels (globe-shaped ends). 61 ** 

Number of suction air-vessels. 4 

Internal diameter of suction air-vessels 24 in. 
Internal height of suction air-vessels 
(flat tops). 86 “ 


Two boilers were used to supply steam to the engines during the duty trial. They are internally flred, 
flue and return-tubular. The only protection against loss from radiation is a casing of light iron, a 
few inches away from the shells; and during the trials some hair felting, 1 in. in thickness, was laid 
loosely over some of the most exposed portions of the casing. The boilers are provided with steam- 
domes, from which the steam is supplied to the engines. The following are the principal dimensions: 


Diameter of shell. 6 ft 

Length of boilers. 13.88 ft. 

Number of flues in each boiler.... 3 

Internal diameter of flues, one 16.76 in., two 11.6 
in. each. 

Length of flues. 4.66 ft. 

Number of return-tubes in each 

boiler.*. 86 

Outside diameter of tubes. 3 in. 

Length of tubes. 11.96 ft. 

Total grate-surface. 42.68 sq. ft. 

Cross-section of flues .... . 6.8 ** 


Cross-section of tubes. 7.3 sq. ft 

Heating surface—tubes. 1,608.3 “ 

“ “ furnaces. 141 “ 

“ ** flues and connec¬ 
tions.217.7 “ 

Total heating surface.1,967 “ 

Ratio of heating to grate surface.. 46.1 

Ratio of cross-section of flues to 

grate surface. 0.136 

Ratio of cross-section of tubes to 

grate surface. 0.17 

Height of chimney above grate.... 76 ft 


Numerous indicator diagrams were taken from steam- and water-cylinders during the trial, and 
the results obtained from them will be found below. Three diagrams are illustrated in Fig. 8499— 
A from one of the low-pressure cylin¬ 


ders, B from the high-pressure cylinder, 
and C from one of the pumps. The 
scales of the springs were as follows: 
Low-pressure diagrams, 1 in. = 16 lbs.; 
high-pressure diagrams, 1 in. = 36 lbs.; 
pump diagrams, i in. = 80 lbs. During 
the time in which the diagrams wero 
taken, the average revolutions of the 
engines per minute were 22.96; the av¬ 
erage water-pressure was 46.6 lbs. per 
sq. in. The average pressures, deduced 
from the diagrams, were as follows: 
Low-pressure cylinders, 11.3 lbs. per 
sq. in.; high-pressure cylinder, 60.4 lbs. 
per sq. in.; pumps, 47.7 lbs. per sq. in. 
This gives, as the mean pressure on 
11.3 X 3 -f 60.4 

each steam • piston,-^-= 

21.08; and the equivalent effective pres¬ 
sure on pump-pistons, reduced to area of 
steam-pistons, is 46.6 x 0.384 = 17.86; 
so that the efficiency of the pumps, as 
measured by the pressure in the main, 
17.86 

was-= 0.847. 

21.08 


84S9. 



Rcstdls of duty trials June 26, 27, 1879. 

Duration of trial, 18.07 hours. 

Average reading of gauge on main, 64 lbs. per sq. in.; on suction, 10.6 lbs. per sq. in.; pressure 
equivalent to difference of level between gauges, 2 lbs. per sq. in. 
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Pressure under which the pumps delivered water, 54 + 2 — 10.5 = 45.5 lbs. per sq. in. 

Total revolutions of engines, 28,092. 

Effective area of pump-piston, 185.475 sq. in.; distance traveled by all pump-pistons per revolu¬ 
tion, 22 ft. 

Pounds of wood put into the furnaces, 532; of coal, 5,292; of unconsumed coal withdrawn from 
furnaces on completion of trial, 530; of coal consumed, 0.4 x 532 -H 5,292—530 = 4,975. 

46.5 X 186.476 x 23,092 x 22 x 100 

Duty,-= 86,176,815 ft. lbs. 

4,976 

The preceding are all the observations necessary for calculating the duty, but others that were 
taken will doubtless be found interesting: 


Average pressure, by gauge, in steam-pipe, 67.9 lbs. per sq. in.; in condenser, 24.9 in. of mercury. 

Average revolutions of engines per minute, 21.3. 

Average temperature of feed-water, 110®. 

Delivery of pumps in 24 hours, calculated from piston displacement, 6,502,000 U. S. gallons. 

Total quantities—Pounds of coal, 4,975; of ashes, 313; of combustible, 4,582; of feed-water, 
64,900. Percentage of ashes, 6.39. 

Hourly quantities—Pounds of coal, 275.3; of combustible, 258; of feed-water, 8,038.2; of coal 
per sq. ft. of grate, 6.45; of combustible per do., 6.07 ; of coal per sq. ft. of heating surface, 0.14; 
of combustible per do., 0.181. 

Pounds of water evaporated—from temperature of feed, per lb. of coal, 11.04; per lb. of combus¬ 
tible, li.78 ; per sq. ft. of heating surface per hour, 1.54 ; from and at 212®, per lb. of coal, 13.63; 
per lb. of combustible, 14.54; per sq. ft. of beating surface per hour, 1.9. 


Horse-power—effective, deduced from water-pressure, 119.85; indicated. 



141.55. 


Consumption of coal and water per horse-power per hour—^Pounds of coal per indicated horse-power, 
1.94; per effective do., 2.31 ; of combustible per indicated horse-power, 1.82; per effective do., 
2.17; of feed-water per indicated horse-power, 21.46; per effective do., 25.51. 


After completing the duty trial, a few experiments were made to show the ease with which pumps 
could be disconnected or connected, and the engine be changed from direct to compound or the re¬ 
verse. It was found that the latter changes could readily be made without stopping the engine; 
and when the engine was running with only two pumps connected, the other two were attached, and 
the original water-pressure was obtained, in 1 min. 8 sec. from the time of starting. Numerous ex¬ 
periments were also made to test the efficiency of the regulator, and it was found to act promptly in 
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every instance. Fig. 8500 is a diagram taken with an Edson recording gauge of the water-pressure 
during the test, which will serve to illustrate the action of the regulator. 


n. Test of the Leavitt Pumping Engine at Lawrence^ Mass.^ July 24, 1879, made hy Park BenjamisCM 
Bcienlifie Expert Office. Trials wnducted hy Richard H. Bud, C. E. 

A description of this engine will be found on page 594. The engines at Lawrence are designated 
as “ A ” and “ B,” and the trial in question was made with the “ A ” engine. 

Principal Dimensions of the Engines. 


Diameter of high-pressure cylinder.. 
“ of low-pressure “ 

18 in. 

88 in. 

“ of pump-barrel. 

26.126 in. 

Stroke of steam- and water-pistons... 

8 ft. 

Diameter of high-pressure piston-rod. 

3.5 in. 

“ of low-pressure “ 

4 in. 

“ of plunger ** 

4.5 in. 

“ of “ . 

18,5 in. 

“ of air-chamber. 

64 in. 

“ of air-pump. 

15 in. 

Stroke of “ . 

28 in. 

Diameter of fly-wheel. 

80 ft. 

Weight of fly-wheel. 

35,900 lbs. 


Clearance, high-pressure cylinder, top 2.56 per ct. 


Clearance, high-pressure cylinder, 

bottom.2.31 per. cent. 

Clearance, low-pressure cylinder, 

top.. 1.64 “ 

Clearance, low-pressure cylinder, 

bottom. 1.82 

Connecting-pipe between cylinders, 

9.92 per cent, of high-pressure 


cylinder capacity. 

Area of opening, receiving valves. 600.29 sq, in. 
“ ** delivery “ 285.88 sq. in. 

Length of force-main. 4,900 ft. 

Diameter of “ . 30 in. 

“ of branch to pump.... 24 in. 
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There are two internally fired tubular boilers, with oombustion-chambers, and haying retum-fiues 
beneath their shells. One boiler was used in the test, and the principal dimensions are as follows: 


Length of boiler. 26.46 ft. 

Diameter of circular shell. 6.26 ft. 

Number of tubes. 80 

Outside diameter of tubes. 3 in. 

Grate-surface. 28.76 sq. ft. 

Heating surface in external shell.. 178.6 “ 


Heating surface in furnaces. 116 sq. ft. 

“ “ in combustion'Chamber 168 “ 

“ “ in tubes. 678.6 “ 

Total heating surface.1,020 

Ratio of heating to grate surface. 86.6 

“ of cross-section of tubes to do.. 0.117 


Two indicator diagrams, A from the low-pressure cylinder, and B from the high-pressure cylinder, 



are shown in Fig. 3501. Numerous other diagrams, similar to those illustrated, were taken during 
the test, and the results obtained from them ai'e appended: 


Scale of spring, high-pressure 

diagrams.. 1 in. = 89.1 lbs. 

Do., low-pressure diagrams.. 1 in. = 11.66 lbs. 
Indicated pressure, high-pres¬ 
sure diagrams.61.67 lbs. per sq. in. 

Da, low-pressure diagrams... 8.46 “ “ 

Water-pressure during time in 
whi^ diagrams were taken. 76.7 “ ** 

Pressure on high-pressure pis¬ 


ton, reduced to equivalent 

pressure on piunp-piston.. .48.18 lbs. per sq. in. 

Pressure on low-pressure pis¬ 
ton, reduced to equivalent 
pressure on pump-piston.. .85.51 “ “ 

Sum of the two.83.69 “ “ 

76.7 

Efficiency of pumps..= 0.91643 

88.69 


The following arc the results obtained on the duty trial: 

Duration of trial, 16.1 hours. 

Pounds of wood used to start fires, 400; of coal put into furnaces, 8,600; of coal withdrawn from 
furnaces at end of trial, 27 ; of coal consumed, 400 x 0.4 -H 8,500—27 = 8,633. 

Pressure in main, by gauge, 64 lbs. per sq. in. 

Water-level in well below gauge, 29.06 ft. 

Water-pressure, 29.06 x 0.433 + 64 = 76.6 lbs. per sq. in. 

Area of pump-bucket, 686.0466 sq. in. 

Revolutions of engine, 12,837. 


Duty of engine. 


/636.0466 X 8 X 12,837 x 76.6 x 100 
V 3,633 



111,648,926 ft. lbs. 


Some other observations, and results deduced from them, are added: 

Average revolutions per minute, 18.62. 

Steam-pressure, by gauge, 89.6 lbs. per sq. in. 

Vacuum, 27.4 in. of mercury. 

Barometer, 29.81 in. 

Temperature of engine-room, 79®; of feed-water, 119®; of flue, 868®. 

Total quantities—Pounds of coal, 8,633; of ashes, 223; of combustible, 3,410; of feed-water, 86,800. 
U. S. gallons of water pumped per 24 hours, calculated from pump capacity, 4,401,272. Per cent, 
of ashes, 6.14. 

Hourly quantities—Pounds of coal, 241; of combustible, 226; of coal per sq. ft. of grate, 8.88; of 
combustible per do., 7.86; of coal per sq. ft. of heating surface, 0.286; of combustible per do., 
0.222; of feed-water, 2,437. 

Evaporation—Pounds of water per lb. of coal, at observed temperature and pressure, 10.13; per lb. of 
combustible, do., 10.79 ; per sq. ft. of heating surface per hour, do., 2.39; per lb. of coal from and 
at 212®, 11.49 ; per lb. of combustible, do., 12.24 ; per sq. ft. of heating surface per hour, do., 2.71. 

/ 186.65 \ 

Horse-power—Net (calculated from water-pressure), 135.66; indicated, ( -) = 147.91. 

V 0.91643/ 


Pounds of coal and water per horse-power per hour—Coal, per net horse-power, 1.78 ; per indicated 
do., 1.68 ; feed-water per net horse-power, 17.98 ; per indicated do., 16.48. 


In addition to the experiments already detailed, the amount of water drained from the cyl¬ 
inder-jackets was measured for a period of two hours in the case of each jacket, giving, as the 
hourly discharge, in pounds—from high-pressure jacket, 112; from low-pressure do., 168; from 
both, 280. R. H. B. 
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PUMPS. Machines for raising liquids in pipes, either by direct action or by atmospheric pressure, 
and also for exhausting air from Tessels. (^e Air-Pomp.) In its simplest form a pump consists of 
a cylinder containing a tightly-fitting piston. At the bottom of the cylinder is a pipe communicating 
with the liquid to be raised, and a valve which opens from beneath. A similar valve is placed in the 
piston. Supposing the piston to be at the top of the cylinder, which together with the pipe is filled 
with air, as the piston is forced down it compresses the air in the cylinder, so that the valve in the piston 
opens and allows the air to escape. When the piston is raised, a vacuum is produced in the cylinder 
beneath it, and the pressure of the air on the liquid outside of the pipe forces it up into the latter, 
opens the valve in the bottom of the cylinder, and causes some of the air in the pipe to enter the cylin¬ 
der. After a few strokes, the water will be forced into the cylinder, and then, as the piston descends, 
the water will rise through the valve in the piston, and be carried out on the upward stroke. If, how- 
ever, the pump-cylinder is placed at a greater distance above the surface of the water than the hei^t 
of a column of water equal in pressure to the atmosphere (about 83.8 feet), no water will be forced into 
the cylinder. In ordinary practice, the distance which a pump will lift water seldom exceeds 28 feet; 
but the water can be forced to any desired height by placing a valve opening upward in the force- 
pipe. The force-pipe of a pump usually contains an air-chamber, for the purpose of preventing 
shocks, and for pi^ucing a steady discharge; and air-chambers are also frequently attached to the 
suction-pipes for a similar purpose. 

Pumps may be classified in a variety of ways. Thus they may be divided into suction- and force- 
pumps, as above indicated. With regard to form, they may be reciprocating or rotary; and with 
respect to mode of driving them, they may be construct^ so as to be operated by manual power, or 
by steam or other motor. In the latter case, the motor may be either independent or form a com¬ 
plete machine in combination with the pump. There are also various kinds of pumps whidi form 
separate types, such as vacuum-pumps and chain-pumps. Again, pumps may be classified with refer¬ 
ence to special uses to which they are specifically adapted by their form, as in the case of pumps 
used for draining deep mines, etc. It will be apparent from the foregoing that any classification of 
pumping apparatus must be more or less arbitrary, and therefore it has seemed most logical to place 
under the heading Pumps such apparatus as is independent of the motor, or rather that to whidi any 
suitable motive power may be applied; under Pumps, Stxam, those machines which form a spedfio 
class of manufadure, and which consist of both pump and steam-motor combined ; and lastly, under 
Pumping Pnoinbs, a group of large machines adapted to particular purposes, which strictly belong to 
the steam-pump class, but which are separately recognized in view of their size and use. 

The history of pomps, and descriptions of a large variety of forms, will be found in Ewbank's 
** Hydraulics,” New York, 1863. For the theory of pump construction see Weisbach’s “ Mechanics of 
Engineering,” Part I., vol. ii., ** Hydraulics and Hydraulic Motors,” New York, 1877. See also the 
lists of worl^ for reference quoted under the various subjects (Canals, Docks, Bab&age, etc.) relating 
to hydraulic engineering. The efficiency of various forms of pumps is considered in treating of the 
different types. 

Reciprocating Pumps. 

The essential ])arts of these pumps are the barrel, the piston which reciprocates therein, and the 
valves which allow of the escape or entrance of the liquid, or prevent its return. The diameter 
of the cylinder is generally greater than that of the suction- or the discharge-pipes, and b calculated 


in inches by the following formula: 


D = \/ 


a 


.034 LN' 


in which Q represents the quantity in gallons 


to be delivered per minute, L the length of the stroke in feet, and N the number of single strokes 
a minute. To find the quantity in gallons that a given pump is capable of delivering per minute, 
O =.034 D* LN; and to find the quantity in gallons delivered at each stroke, G = L* Sx .00263. 

T/ie Suction-Pump is the simplest form of pumping apparatus, and its principle of operation as 
such has already been described. It b inoperative when the liquid is to be lifted to heights greater 
than 33.8 ft., when situated at the ocean level, and this distance is decreased in proportion to the 
weight of the atmospheric column when the pump is placed on elevations. The construction of the 
pump is shown in Fig. 8502. A is a cylinder or barrel, in which a piston P b moved up and down 
by means of a piston-rod R attached to the extremity of the lever H. In the piston is a valve v lift¬ 
ing upward; and at the bottom of the barrel is another valve, K, also lifting upward. B \%n pipe, 
passing from the bottom of the barrel into the well from which the water b to be raised. On the 
downward stroke of the piston, the valve V closes, and the valve v opens and allows the water to 
pass to the upper side of the piston. In an upward stroke the valve v closes and the valve V opens, 
and by the pressure of the atmosphere the water follows the piston in its ascent, whereas the water 
above the pbton is pushed before it, and thus the fluid is discharged in a stream at the mouth C of 
the pump; and so on to any number of strokes. 

The lAfl-Pump is simply a modification of the suction-pump, as shown in Fig. 3503. The only 
change is the addition of the valve X in the delivery-pipe C, This valve shuts on the down stroke 
of the piston and retains the liquid column, so that the liquid may be raised to a height corresponding 
to the amount of power applied. It will readily be seen that by removing the lower valve and immers¬ 
ing the pump until the valve in the piston is below the surface of the fluid to be elevated, the machine 
b^mes simply a water-lift. A common form of lift-pump has a pbton-rod which enters the barrel 
from beneath and pushes the piston up, instead of lifting it through a box at the top of the cylinder. 

The Force-Pump .—From Tig. 3504 the difference between the lift- and the force-pump will be 
readily understood. While the former raises the liquid bodily above its piston through whidi the 
liquid passes, the latter forces it out of the barrel from beneath the piston, which is made solid. 
When the piston P rises the valve V opens, and the valve v in the delivery-pipe is closed by the air- 
pressure. The liquid then enters the barrel beneath the piston. On the descending stroke the valve 


Digitized by v^ooQle 



PUMPS. 


601 


F closes, preventing the retnm of the water, and the valve v opens, so that the liquid, being pressed 
before the piston, is driven up the pipe 2) to the higher level required. 

Modifications of these three kinds of pumps exist in great variety. As illustrations, several of the 
simplest and best known forms are here introduced. 

The DoubU-Acting Force-Pump is shown in Fig. 8605. This has the advantage of producing a 
more uninterrupted stream than the form shown in Fig. 8604. When the solid piston-head P 


8504. 



descends, the valves a and e are shut, while d and c are opened, water entering behind the piston 
through d, and being forced in front of it through e and up the pipe CD. When the piston is raised, 
the position of the valves is reversed, the water entering through a and being forced out through e. 
This is the position shown in the figure. 

The Plunger-Pump^ Fig. 8606, is used when water is to be raised to a great height or against great 
resistance, as in the nydraulic press. (See Press, Hydraulic.) The plunger passes through a tightly- 
packed box as shown. On entering the cylinder It displaces and expels a quantity of water equal to 
its own volume through the upper valve, and on being withdrawn allows of the entrance of the same 
quantity through the lower valve. 

The Force-Pump with Air-Chamber ft represented in Fig. 8607. The object of the air-chamber is 
to produce a constant and equable fiow, and to avoid the sudden shock of reaction. It consists of a 
dome-shaped vessel placed in the discharge-pipe a short distance beyond the upper valve. The 
entrance of the water causes a compression of the air, which thus exerts a continuous pressure. In 
the common force-pump the water is discharged only at each doTinward stroke of the piston, whereas. 


8f06. 860r. 8607, 



in the present case, the pressure of the air in the chamber sustains the discharge during the intervals 
taken up by the upward strokes of the piston. A pump of this class combined with a portable reser¬ 
voir is represented in Fig. 8608. 

Hg 8609 is an arrangement of lifting- and force-pump so placed beneath the surface of the ground 
and water that it cannot freeze in cold weather. The air-chamber is located some distance above the 
water. The pump-barrel is submerged and connected to the air-chamber by a pipe. The delivery- 
pipe may be brought directly to the surface, or water may be led to some distance from the pump 
by a branch pipe as shown. The pump-rod passes down through a stuffing-box in the air-chamber. 
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Fig. 3610 represents the siphon-working barrel-pnmp for deep wells, made by the Gould Manufac¬ 
turing Company. Within the outer barrel is a second cylinder, in which the piston works. There 
is an air-space of about one inch between the two barrels. The induction-pipe enters the outer barrel 
at some distance above the lower valve, so that the valves, being always submerged, do not get dry 
and bard, and the pump is always primed. 

The so-called fire-engine pump, shown in Fig. 8511, is a combination of two force-pumps, the water 
being forced from each into the common air-chamber and so on through the discharge-pipe to 
wbi^ may be attached the hose. (See Ekgines, Fire.) 

09cillaiinff~Pitton Pumps .—^Two examples arc dven in figs. 8512 and 8518 of pumps the barrel 
of which is made segmental in form, and in which the piston is turned on a centre by a lever. In 
Fig. 3512 the case has an opening below through which the liquid enters, and another above provided 
with a valve out of which it is forced. 

In Fig. 3513 there is a short horizontal cylinder; a portion of the lower part is separated from the 
rest by a plate where the suction-pipe terminates in two openings that are covered by clacks C C. 
The partition A extends through the entire length of the cylinder, and is made air- and water-tight 
to both ends, and also to the plate upon which its lower edge rests. The upper edge extends to the 
under side of the axle to which the piston B is united. One end of the axle is passed through the 
( 7 linder and the opening made tight by a stuffing-box; it is moved by a crank or lever. Near the 
clacks C C two other openings are made through the plate, to which the forcing-pipes are secured. 
These tubes are bent round the outside of the cylinder and meet in the cham^r 2), where their 
orifices are covered by clacks. Thus, when the piston is turned in either direction, it drives the water 
before it through one or other of these tubes; at the same time the void left behind it is kept filled by 
the pressure of the atmosphere on the surface of the liquid in which the lower orifice of tne suction- 
pipe is placed. 

77te Chain-Pump may be regarded as one form of lifting-pump, though strictly it is a water-eleva¬ 
tor, having few of the characteristics of a pump, and all the essential features of the elevators used 
for lifting grain. The pistons corresponding to the grain-buckets are placed on an endless chain A 
B, Fig. 8514, which passes through the tubes and C and over the sprocket-wheels Q and J. The 
liquid is lift<^ by the pistons and is discharged at the top of the tube B. 

Rotary Pumps. 


This class of pumps differs from the centrifugal pump, which is described elsewhere in this article, 
in that it includes a revolving piston, while in the centrifugal pump there is a set of revolving blades 
which act upon the liquid in the same way as a fan acts upon the air. The rotary pump substantially 
corresponds to the pressure-blower, and in many cases is simply the rotary engine reversed; while 
the centrifugal pomp is analogous to the fan-blower. A very large number of forms of rotary pump 
are illustrated in Reuleaux^s ** Kinematics of Machinery,’’ and in Ewbank’s ** Hydraulics.” Sevend 
of the best known types are given herewith. 

Fig. 3515 represents one of the oldest and most efficient forms. Cog-wheels, the teeth of which 
are fitted to work accurately into each other, are inclosed in an elliptical case. The sides of these 

wheels turn close to those of the case, so that water cannot 
3515 . enter between them. The axle of one of the wheels is con¬ 

tinued through one side of the case (which is removed in the 
figure to show the inteiior), and the opening made tight by a 

8516. 




Stuffing-box or collar of leather. A crank is applied to the 
end to turn it, and as one wheel revolves it necessarily turns 
the other, the direction of their motions being indicated by 
the arrows. The water that enters the lower part of the case 
is swept up the ends by each cog in rotation; and as it cannot return between the wheels in consequence 
of the cogs being there always in contact, it must necessarily rise in the ascending or forcing pipe. 

Fig. 3516 represents a pump similarly constructed to the foregoing, but having cams shaped so as 
to reduce the wear. 

In Eve’s pump, shown in Fig. 8517, a solid or hollow drum A revolves in a cylindrical case. On 
the drum are three projecting pieces, which fit close to the inner periphery of the case. The surface 
of the drum revolves in contact with that of a smaller cylinder By from which a portion is cut off to 
form a groove or recess sufficiently deep to receive within it each piston as it moves past. The diame- 
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ter of the small cylinder is just one-third that of the drum. The axles of both are continued through 
one or both sides of the case, and the openings made tight with stuffing-boxes. On one end of each 
axle is fixed a toothed wheel of the same diameter as its respective cylinder; and these are so geared 
into one another, that when the crank attached to the drum-axle is turned (in the direction of the 
arrow) the groove in the small cylinder receives successively each piston, thus affording room for its 



passage, and at the same time, by the contact of the edge of the piston with its curved part, prevent¬ 
ing water from passing. As the machine is worked, the water that enters the lower part of the pump 
through the suction-pipe is forced round and compelled to rise in the discharging one, as indicated 
by the arrows. Other pumps of the same class have such a portion of the small cylinder cut off, that 
the concave surface of the remainder forms a continuation of the case in front of the recess while 
the pistons are passing; and then, by a similar movement to that in the figure described, the convex 
part is brought in contact with the periphery of the drum until the return of the piston. 

In the pump shown in Fig. 3518, the abutment consists of a curved flap turning on a hinge, bo 
arranged as to be received into a recess formed on the rim or periphery of the case, and into which 
it is forced by the piston. The concave side of the flap is of the same curve as the rim of the caae, 
and when pushed back forms a part of it. Its width is, of course, equal to that of the drum, against 
the rim of which its lower edge is pressed; this is effected in some pumps by springs, in others bj 
cams, cog-wheels, etc., flxed on the axles, as in the last one. 

In Fig. 3519 the abutment is movable. A solid wheel, formed into three spiral wings that act as 
pistons, is turned round within a cylindrical case. The abutment is a piece of metal whose width 
is equal to the thickness of the wings, or the interior breadth of the cylinder; it is made to slide 
through a stuffing-box on the top of the case, and by its weight to descend and rest upon the wings. 
Its upper part terminates in a rod, which, passing between two rollers, preserves it in a perpendicu¬ 
lar position. As the wheel is turned, the point of each wing pushes before it the water that enters 
the lower part of the cylinder, and drives it through the valve into the ascending pipe A ; at the 
same time the abutment is gradually raised by the curved surface of the wing, and as soon as the 
end of the latter passes imder it, the load on the rod causes it instantly to descend upon the next 
one, which in its turn produces the same effect. This pump is as old as 16th century, and prob- 





ably was known much earlier. Besides the defects common to roost of its species, it has one peculiar 
to itself: as the abutment must be loaded with weights sufficient to overcome the pressure of the 
liquid column over the valve (otherwise it would itself be raised and the water would escape beneath 
it), the power to work this pump is more than double the amount which the water forced up requires. 
The instrument is interesting, however, as affording an illustration of the early use of the sliding 
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▼ake and stufiSng-box, and as containing some of the elements of recent rotary pumps and steam- 
engines. 

The pump represented by Fig. 8620 consists also of an exterior case or short cylinder, within 
which a small and solid one, Aj is made to revolve. To the last an arm or piston is attached, or 
cast in one piece with it, the sides and ends of which are fitted to bear slightly against the sides and 
rim in the case. An abutment B B slides backward and forward through a stuifing-box, and is so 
arranged (by means of a cam or other contrivance connected to the axle of the small cylinder on the 
outside of the case) that it can be pushed into the interior as in the figure, and at the proper time be 
drawn back to afford a passage for the piston. Two openings near each other are made through the 
case on opposite sides of B B, and to these the suction and forcing pipes are united. Thus when 
the piston is moved in the direction of the arrow on the small cylinder, it pushes the water before it, 
and the vacuity formed behind is instantly filled with fresh portions driven up the suction-pipe by 
the atmosphere; and when the piston in its course descends past B B, it sweeps this water up the 
same way. 

Fig. 3521 represents a pump consisting of two concentric cylinders or drums, the annular space 
between them forming the pump-chamber; but the inner one, instead of revolving as in the preced¬ 
ing figures, is immovable, l^ing fixed to the sides of the outer one or case. The piston is a rectan¬ 
gular and loose piece of brass or other metal, accurately fitted to occupy and move in the space be¬ 
tween the two cylinders. To drive the piston, and at the same time to form an abutment between the 
orifices of the induction and eduction pipes, a third cylinder is employed, to which a revolving motion 
is imparted by a crank and axle in the usual way. This cylinder is eccentric to the others, and is of 
such a diameter and thickness that its interior and exterior surfaces touch the inner and outer cylin¬ 
ders, as represented in the cut, the places of contact preventing water from passing: a slit or groove 
equal in width to the thickness of the piston is made through its periphery, into which slit the piston 
is placed. When turned in the direction of the large arrow, the water in the lower part of the pump 
is swept round and forced up the rising pipe, and the void behind the piston is again filled by water 
from the reservoir into which the lower pipe is inserted. This machine was originally designed, 
like most rotary pumps, for a steam-engine; and it is almost unique in the number of times that it 
has been reinvented. 

In others the pistons slide within a revolving cylinder or drum that is concentric with the exterior 
one. Fig. 8622 is a specimen of a French pump of this kind. The abutment, in the form of a seg¬ 




ment, is secured to the inner circumference of the case, and the drum turns against it at the centre 
of the chord line; on both sides of the place of contact it is curved to the extremities of the arc, 
and the sucking and forcing pipes communicate with the pump through it, as represented in the 
figure. To the centre of one or both ends of the case is screwed fast a thick piece of brass whose 
outline resembles that of the letter D; the flattened side is placed toward the abutment, and is so 
formed that the same distance is preserved between it and the opposite parts of the abutment as 
between its convex surface and the rim of the case. The pistons, as in the last figure, are rectangu¬ 
lar pieces of stout metal, and are dropped into slits made through the rim of the drum, their length 
being equal to that of the case, and their width to the distance between its rim and the D-piece. 
They are moved by a crank attached to the drum-axle. To lessen the friction and •compensate for 
the wear of the abutment, that part of the latter against which the drum turns is sometimes made 
hollow ; a piece of brass is let into it and pressed against the periphery of the drum by a spring. 

In Fig. 8523 the axis of the drum or smaller cylinder is so placed as to cause its periphery to rub 
against the inner circumference of the case. Two rectangular pistons, whose lengths arc equal to 
the internal diameter of the case, cross each other at right angles, being notched so as to allow them 
to slide backward and forward to an extent equal to the widest space between the two cylinders. 
The case of this pump is not perfectly cylindrical, but of such a form that the four ends of the 
pistons are always in contact with it. An axle on the drum is moved by a cranlc. Fire-engines have 
been made on the same principle. 

The Compound Propeller-Pump is one of the best modem forms of rotary pump. It consists of a 
cast-iron pipe, provided at the bottom with a basket-chamber, and at top with an elbow. In the 
centre of the pipe is a shaft carrying a scries of propellers, between which are stationary wings, 
with a bearing, every 6 feet, the shaft being revolved either by means of a pulley and a belt, or 
directly by an engine. An ingenious water-bearing, almost frictionless, is appli^ to the larger 
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sizes of these propeller-pumps, fig. 3524 represents its cross-section, and it is thus described hj 
the manufacturers: ** It consists of a cast-iron beam, which rests upon the top elbow of the pump, 
and upon which are secured pillars supporting a stationary disk, provided with an ordinary stufiing- 
box, through which revolves the propeller-shaft. Under a dome which rests on the stationary disk 
is another disk, which is secured to the propeller-shaft and revolves with it, and which is provided 
with an annular piston with ring-packing. Water is forced between the stationary and revolving 

disks through an ordinary pipe, under a pressure equal 
to the weight to be sustain^ per square inch, wUch 
is (K)nfincd between these disks by the annular piston 
—thus separating them by a film of water upon which 
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the revolving disk floats, sustaining the entire weight 
of the revolving machinery and most of that of the 
column of water lifted by the pump. Any surplos 
water forced between the disks tends to lift the re¬ 
volving disk higher than a given point, and raise the annular piston off the stationary disk, and thus 
allow this excess of water to pass out under it, which is received into the dome and returned through 
a common pipe to the tank from which it was supplied.’* 

Bagley d: SewelTa Rotary Pump is represented in Fig. 8525, a vertical longitudinal section, and 
fig. 3626, a transverse section. A is the main case, made in one piece, and having attached the 
ring seen in both sections. The space outside of B is the water-space. This cylinder is inclosed 
by the disk i>, which is attached to the shaft. An eccentric ring E is attached to the disk L so that 
in revolving its outer surface touches the inside of the case A, while the interior surface upon the 
opposite side of the ring touches the outside of the ring B. The eccentric ring E acts as the piston 
of the pump. The suction and discharge are respectively shown in both sections at I and the 
direction of the water being indicated in Fig. 8626 by the arrows. The parts are separated by the 
valve HH^ shown separately at 3, which is moved back and forth on its seat by two tumblers shown 
in Fig. 8526 between H and H. These tumblers are moved by the eccentric ring A', which passes 
between them. The centre ring B is made enough deeper than the casing A, as shown in Fig. 3625, 
to equalize the quantity of water within and without the eccentric piston-ring E, F \& the cover or 
outside case, and contains a closed bearing for the end of the shaft. The inner part of the disk 2> 
foi*mB a collar Q to the shaft, and by means of a screw at the end this collar can be forced 
tightly against its seat if, thus avoiding the use of packing. In the centre of the seat there is a 
circular groove, shown in section at if A, which connects by a drilled channel with the suction part. 
Any tendency to escape of water at the seat by pressure is thus overcome by vacuum force. 

Centrifugal Pumps. 

A centrifugal pump, in its most general form, may be considered as a bent pipe, open at both 
ends, revolving round a suction-pipe as a centre; the plane of motion being either horizontal or 
vertical, and the curvature being wholly in the plane of motion. Water, entering the revolving pipe 
through the suction-pipe, revolves with it, and the result is that it is carried by the centrifugal force 
outward from the centre. The revolving pipe may be straight, but a curved form is preferable, ma 
will be evident from a consideration of the circumstances affecting the velocity of discharge. Two 
velocities are to be noticed in this connection: the tangential velocity of the revolving pipe at its 
outer extremity, and the velocity of water at the exit, which is in the direction of the tangent to the 
curve of the arm at its extreme end. If the pipe is bent so that its extreme tangent coincides with 
the tangent to the circle described by it, then the velocity of exit is directly opposed to the tangential 
velocity; and hence the actual velocity of the water is the difference between the two. The sec¬ 
tional area of the pipe may be uniform or variable, since the pressure per square inch produced by 
a vertical column is independent of any variation in the section of the column, and dependent only 
on its height. The height of lift depends only on the tangential velocity of the circumference; 
every tangential velocity giving a constant height of lift—sometimes termed “ head *’—whether the 
pump is small or large. The quantity of water discharged is in proportion to the area of the dis¬ 
charging orifices at the circumference, or in proportion to the square of the diameter, when the 
breadth is kept the same. 

Let Q represent the quantity of water, in cubic feet, to be pumped per minute, h the hdght of 
suction in feet, E the height of discharge in feet, and d the diameter of suction-pipe, equal to the 
diameter of discharge-pipe, in feet; then, according to Fink (see Des Ingenieur’s Taschenbuch, von 
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dem Verein Hiitte ”), d = 0.36 




Q 


V -f A') 


g being the acceleration due to gravity, 32.26 feet. 
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If the suction takes place on one side of the wheel, the inside diameter of the wheel is equal to 
1.2 dy and the outside to 2.4 d. If the suction takes place at both sides of the wheel, the inside 
diameter of the wheel is equal to 0.85 dy and the outside to 1.7 d. Then the suction-pipe will have 
two branches, the area of each equal to half the area of d. The suction-pipe should be as short as 
possible, to prevent the air from entering the pump. The tangential velocity of the outer edge of 
wheel, for the delivery Qy is equal to 1.26 V 2^ (A + A'). 

The arms arc six in number, constructed as follows; Divide the central angle of 60°, which incloses 
the outer ends of the two arms, into any number of equal parts by drawing the radii, and divide the 
breadth of the wheel in the same manner by drawing concentric circles. The intersections of the 
several radii with the corresponding circles give points of the arm. 

In experiments with Mr. Appold's pump, a velodty of 600 ft. per minute of the circumference raised 
the water 1 ft. high, and maintained it at that level without discharging any; and a double velocity 
raised the water to four times the height, as the centrifugal force was proportionate to the square of 
the velocity; consequently, 

600 feet per minute raised the water 1 foot without discharge. 


1.000 “ 

it 

a 

4 feet 

44 

2,000 “ 

it 

<4 

16 “ 

44 

4,000 “ 

a 

44 

64 “ 

44 


The greatest height to which the water had been raised without discharge, in the experiments with 
the 1-foot pump, was 67.7 ft, with a velocity of 4,163 ft per minute, being rather less than the cal¬ 
culated height, owing probably to leakage with the greater pressure. A velocity of 1,128 ft per minute 
raised the water 6^ ft without any discharge, and the maximum effect from the power employed in 
raising to the same height 6| ft was obtained at the velocity of 1,678 ft per minute, giving a dis¬ 
charge of 1,400 gallons per minute from the 1-foot pump. The additional velocity required to effect 
the discharge is 660 ft per minute; or the velocity required to effect a discharge of 1,400 gallons 
per minute, through a 1-foot pump, working at a dead level without any height of lift, is 660 ft per 
minute. Consequently, adding this number in each case to the velocity given above at which no 
discharge takes place, the following velocities are obtained for the maximum effect to be produced 
in each case: 

1,050 feet per minute, velodty for 1 foot height of lift 

1.660 “ “ “ 4 feet “ 

2.660 “ “ “ 16 “ “ 

4,660 “ “ “ 64 “ “ 

Or, in general terms, the velocity in feet per minute for the circ umference of the pump to be driven, 
to raise the water to a certain height, is equal to 560 -h (600 4/height of lift in feet). 

When a quick application with a discharge of large quantities of water is the most important con¬ 
sideration for a pump, the centrifugal pump is of great value. There being no valves in action while 
at work, it will allow large stones to pass, and in fact almost anything that can enter between the 
arms. In one instance, in putting in the foundation of harbor works at Dover, from 2,000 to 8,000 
gallons of water per minute was discharged by one of these pumps. For the drainage of canals at 



Dordrecht, Holland, centrifugal pumps, constructed by Messrs. Gwynne & Co. of England, have been 
applied. There were three sets of them, of different sizes. The largest had pipes 24 in. in diameter, 
a^ was capable of discharging 10,000 gallons per minute; it was driven direct by an engine with a 
cylinder of 18 in. diameter and 16 in. stroke. The smallest pump had pipes 16 in. in diameter, and 
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discharged 8,500 gallons per minute, the en^e-cylinder being 18 in. in diameter with a stroke of 10 
in. All the engines were provided with variable expansion gear, and were worked with 65 lbs. steam 
cut off at three-sixteenths of the stroke. 

Messrs. Easton, Amos & Sons, of England, applied a centrifugal pump to the Trafalgar Square 
fountains, forcing water to a height of 67 ft In 1862 a trial was made in England with a centrifugal 


am 



pump constructed by Messrs. Gwynne & Co. (See The Engineer for that year.) The pump was 4 ft. 
in diameter, and was driven by two engines, working at full stroke with 200 revolutions per minute, 
and giving 164.12 effective horse-power. In the calculation of the above power, it was ascertained 
that to run the pump without doing work required a pressure of 1^ lb. per square inch; and one- 
seventh of the remaining pressure was deducted for the friction due to the load. The water was 
lifted to 20 ft. 61 in. from the level in the lowest tank to the highest point in the upper tank. The 
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calculated discharge was 8,268 cub. ft. or 91.03 tons of water per minute, which, lifted 20.78 ft., 
would represent 128.1 horse-power of work done. This would correspond to the high duty of 83.18 
per cent, given off by the pump in useful work. 

Ttfpa of Centrifugal Pumps ,—Centrifugal pumps may be either vertical or horizontal—a vertical 
pump being arranged with the shaft horizontal, and the horizontal pump with the shaft vertical. 
Good examples of these two varieties are shown in Figs. 8627 and 8628, which represent vertical and 
horizontal pumps respectively, of German design. The vertical pump. Fig. 3627, is 6.17 in. in 
diameter, made of wrought iron, and has a suction-pipe 2 in. in diameter. On the extension of the 
shaft (not shown in the drawing) is a pulley, between two pillow-blocks attached to the same frame. 
This pump raises 15 cub. ft. of water at a speed of 1,800 to 2,000 revolutions per minute. The 
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horizontal pump, Fig. 3528, constructed by L. Schwartzkopff of Berlin, is 20.5 in. in diameter, and 
has a suction-pipe of 10.3 in., and a delivery-pipe of 9.25 in. There is a suction-valve at the bottom 
of the suction-pipe, to prevent the water from running out when the pump stops working, and also 
a delivery-valve with a screw to regulate its opening, as shown. Running at 500 revolutions, this 
pump raises 260 cub. ft of water per minute to a height of 16.46 ft, requiring 11 horse-power to 
drive it 

The Andrews Centrifugal Pump. —Mr. W. D. Andrews of New York seems to be the first who 
introduced centrifugal pumps in this country. Fig. 8629 represents a vertical section of the Andrews 
anti-friction centiifugal pump, and Fig. 8530 the revolving disk with its wings. The wings are 
straight in line with the driving-shaft, from one to six in number, their outer ^ges conforming to 
the shape of the chamber C, but not quite touching it; they extend 
beyond the disk A' into the passage between cases 2) D\ The driv¬ 
ing-shaft G passes out through a bearing and stufiing-box on case 
2>and through a stationary arm /?, secured to case D'; this arm 
tarries the driving-pulley P, which connects with shaft by a coup¬ 
ling 8 and set-screw 8\ The pulley, running loose on arm A, is 
lubricated from a chamber surrounding the shaft within the arm. 

The centrifugal force exerted by the outer ends of the wings, extend¬ 
ing over and beyond the joint between the disk and case, prevents 
the admission of sand to the bearing, and creates a partial vacuum 
within the disk. The small openings k A:, connecting the spaces on 
both sides of the disk, equalize the vacuum, thus dispensing with a 
thrust-bearing. 

The Heatd ds Sisco Centrifugal Pumps are illustrated in the ac¬ 
companying figures. Fig. 8631 has a vertical shaft Z>, to which the 

wheel, revolving in the shell is attached. The water enters the pump at the bottom, and is dis¬ 
charged at F. This pump should be constantly immersed in the fluid to be raised ; it is intended 
for draining lock-pits, coffer-dams, tan-vats, etc., where water is very foul, containing mud, sand, 
bark, etc. Fig. 8632 is a pump driven directly by an oscillating engine. D is the steam-induction 
pipe; A, the eduction pipe; A, the valve-chamber on the cylinder, the rolling valve within it being 
worked by an eccentric from the engine-shaft. The giudes for relieving the strain on the piston-rod 
project from the head of the cylinder, and are partially concealed by the counterbalance wheels J J; 
but the end-piece G is seen between the wheels. F is the force-pump, used for priming the main 
pomp A, through the pipes IH. It is operated by means of friction-wheels connected or discon- 
99 
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nected by a lever, while the engine is running slowly. C C are swiveled elbows for suction and dis¬ 
charge. The chains show one mode of securing the machine to the deck of a wrecking vessel 



A large pump constructed by the same makers is represented in Fig. 3533. It is 6 ft. in diameter, 
and has six arms with openings of 6 x 7 in., a 44-in. suction-pipe, and 32-in. dischai-gc-pipe; it is 



rated at 35,000 gallons per minute. An engine to work this pump directly, for a small lift^ has a 
cylinder of 24 in. diameter and 18 in. stroke, running at a speed of 135 revolutions per minute. 
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Fig. 8584 is a hollow-aim and Fig. 8635 a solid-arm wheel, as used on the Heald & Sisco pumps. 
The Bolid-arm wheel is used when the fluid contains stringy or tenacious matters; the hollow-arm 


853S. 8587. 



wheel is preferable for general use, the water not being thrashed by the arms, but forced steadily 
toward the di.scharge. 

TruUt of Cmir?fugal Pumps .—^The following table gives the results of a trial of the centrifugal 
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pamps above described, made at the American Institute Fair in 1872. The principal dimensions of 
the pumps were as follows: 

Andrews. Heald A Stooo.* 

Diameter of wheel, in. 26 80.6 

“ of suction-pipe, in.. 9f 12 

“ of discharge-pipe, in. oj 10 

“ of mouth-pin, in. 16 

The power required to drive the pumps was measured by a transmitting dynamometer on the driv¬ 
ing-shaft, and the actual delivery of water was also measured. 


William D. Andrem'i Pump^ teUed November 18, 1872. 


NUMBER OF 

RcvolntioiM 

Galloai Haicbt of Db- 

Work don* in 

DmJUDoaMlork, 

pwOMt.or 

TEST. 

par MinnU. 

pCT Minot*. 

ehnrg* b F*«t. 

Hor—'powr. 

H«n»-powflr. 

BOcteep . 

1. 

191.9 

1618.12 

12.26 

4.69 

10.09 

46.62 

2 . 

195.6 

2028.82 

12.62 

6.47 

12.2 

68.0 

8 . 

200.5 

2499.88 

18.08 

8.28 

14.88 

67.57 


Beald A Sisco Pumpy tested November 16, 1872. 


1 . 1 

188.8 

1678.87 

12.88 

6.22 

8.11 

64.60 

2 . 

202.7 

2044.9 

12.68 

6.61 

10.74 

60.74 

8 . 1 

218 .T 

2871.07 

18.0 

7.81 

14.02 

65.72 


Mining Puvps. 

When permanent works are put into a mine, pumps are substituted for water-buckets. The first 
is the lift or sinking pump, which is lowered as the shaft is deepened, and the Buctionq;>ipe rests on 
the sump. It is represented in Fig. 3636. A is the barrel; bucket; (7, rod; (7, column-pipe, 
made up of lap-welded tubes, ^ in. thick, and always 2 in. greater in diameter than the bore of the 
pump. These pumps are usually 12 in. in diameter and 20 ft. long. 

In inclined shafts, a jackbead pump, Hg. 8687, is used for sinking. Here the column A and dadi- 
ebamber E are bolted on the branch B of the barrel C, and the pump-rod passes through a stufiing- 
box D, on the top of the barrel. 

When the shaft has reached the depth of 226 ft., a chamber is cut into the side of the shaft for a 
tank to receive the water from the sinking-pump, and a plunger-pump. Fig. 8638, is permanently 

placed there to elevate the wa¬ 
ter to the surface. The sink¬ 
ing-pump, as before, follows 
the shaft down, and when an 
additional depth of 226 ft has 
been reached, another tank and 
plunger-pump are put in; and 
so on. In ^g. 8588, A is the 
plunger; By IbAirel; C, dack- 
chamber; D 2>, valves; E, suc¬ 
tion. All the pumps of a shaft 
are attached to one pump-rod, 
of heavy timbers, strengthened 
with iron plates and bolts; this 
rod receives a redprocating ver¬ 
tical motion from an engine, 
by means of a bob or three¬ 
armed lever, as shown in Fi& 
8689. A is the fulcrum; By 
pitman to the bob; C, pump- 
rod. A weight is plac^ at D 
to balance the pump-rod. 

Every 460 ft a telance-bob, 
consisting of a two-armed lever, 
is attach^ to the pumprod at 
one end, and carries a weight 
on the other. When the shaft 
changes its direction, a second 
pumprod is attadi^ to the 
first by means of a V-bob, ma 
shown in Fig. 8540. A A arc 
pins for connection with first 
rod; By bearing for second 
rod; Cy fulcrum. The line A 
C is horizontal when at centre 
of motion. 

Fig. 8541 represents a Cornish pump on a larger scale. It has a 12-in. steam-cylinder and 8-in. 
water-cylinder, with 48 in. stroke, is intended for 160 to 176 ft. of lift, and makes about 20 doable 


* F<mr oorved boUow arms, each 4 x 8i In. 
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strokes per minute. Its steam-Talve arrangement is the same as on the Knowles steam-pump (see 
Pumps, Stkam), but it can be made single^ioting by shutting off the steam from one end of the 
cylinder. 

Vacuum-Pumfs. —Pumps of this variety, in which the steam and water are in direct contact dur¬ 
ing action, were among the earliest forms of steam-pumping engines. Their simplicity and cheap¬ 
ness are great recommendations to favor, and their efficiency seems to differ but little from that of 
direct-acting steam-pumps. 

The PuhomeUr is a steam-pump, which dispenses with all movable parts except the valves. Hg. 
3542 represents a sectional view of a pulsometer, as manufactured by the Pulsometer Steam-Pump 
Company at Jersey City, N. J. It consists of two bottle-shaped chambers A joined together 
side by side, with tapering necks bent toward each other, and uniting in a common upright passage 
to which the steam-pipe is attached. A small ball C is fitted so as to oscillate with a slight roUi^ 
motion between seats formed in the junction of the two 
chambers, which are alternately opened and closed for 
the admission of steam. Each chamber communicates 
by means of a separate suction-valve, E £*, with the 
common vertical induction-passage /). II are valve- 
guards to prevent the valves from opening too far. 

Each chamber communicates, by means of delivery- 
valves similar in construction to the suction-valves, with 
the common delivery-passage H, J is the air-chamber, 
cast between the necks of chambers A A, which con- 

354a 




nects only with the induction-passage 2). A small brass 
air-check valve is screwed into the neck of each cham¬ 
ber A Af and one into the vacuum-chamber «/, so that 
their stems hang downward. The check-valve in the 
neck of each chamber A A allows a small quantity of 
air to enter above the water, to prevent the steam from 
agitating it on its first entrance, and to diminish the 
cmidensation of steam during the discharge stroke. The 
check-valve in the vacuum-chamber J serves to cushion 
the blow of the water consequent upon the filling of 
each chamber alternately. 

The action of the pulsometer is as follows: When all chambers and pipes are empty, the air-check 
valves have to be closed, and the globe valve opened for an instant; then steam will enter one of 
the chambers, expel the air, and condense, forming a vacuum. This operation being repeated sev* 
eral times, both chambers will be filled with water through the induction-pipe. Each air-valve in 
the chambers must now be opened a little, to secure a regular and continuous action, which will bo 
recognized by the steady pulsation and smooth working of the steam-ball without a rattle. Steam, 
being now permanently admitted, enters the chamber not closed by the ball, and forces out tho 
water through the discharge-valves, until its surface is lowered below the discharge-orifice. At that 
instant the steam begins to escape into the discharge-pipe, and condense; thus a partial vacuum is 
formed in the chamber. The water in the other chamber now presses the ball, which rolls over and 
doses the first chamber, where water enters through the induction-valves to fill the vacuum. The 
operation alternately changes from one chamber to the other. One chamber fills with water in about 
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two-tbirds of the time required for the other to empty. As soon as it is full, a drop of water issues 
from the air-valve which had previously been admitting air into the chamber. 

Some interesting details are added, from a report of a trial of the pulsomcter by Theron Skeel, 
published in the Engineering and Mining Journal^ xxiL, 407. The pulsomcter had an 8-in. induc¬ 
tion-pipe connected with a well in the cellar, and a 4-in. discharge-pipe connected with a tank on the 
roof of the building. From this tank the water fell through a “drowned weir” into the well in the 
cellar. The steam used was drawn from a boiler 80 ft. distant through a 2-in. steam-pipe covered 
with asbestos felting. The test lasted 2 hours and 8 minutes, during which time the mean steam-pres¬ 
sure in the boiler was 76.8 lbs.; mean steam-pressure beyond the throttle-valve, 20.5 lbs; mean 
water-pressure, 18.8 lbs.; average number of single strokes per minute, 46.8; mean temperature of 
injection-water, 67.6*’; mean temperature of discharge-water, 76.6**; mean temperature of feed-water, 
88.6°; temperature of the outside air, 80°; temperature in the room, 40°. The experiment showed 
that the pulsometer delivered on the average 1,283^ cub. ft. (equivalent to 9,626 gallons) of water 
per hour. The weight of steam used by the pulsometer was 679 lbs. per hour; the weight of coal 
consumed during the experiment was 67.6 lbs. The duty, equivalent to 1,283.6 cub. ft. of water 
having a temperature of 76° and weighing 63 lbs. per cub. ft. (it contained about 15 per cent, of 
air), raised 6^ ft by 67i lbs. of coal, is 1,283.6 x 68 x 62.5 x 100 -i- 67.6 = 7k millions. 

The Steam Siphon Pump is the simplest of all pumps, having no movable parts whatever. Fig. 
3643 represents a cross-section of Landsdeli’s patent steam siphon pump. A is the body ; steam- 
pipe ; U Cy suction-pipe; and D, discharge-pipe. Steam, being admitted through the pipe By rushes 
across the globular chamber A into the discharge-pipe D, and carries with it the air, &us forming a 
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vacuum, drawing the water through the suction-pipes C C, and forcing it outward through D with a 
velocity proportioned to the pressure of steam in the boiler. These pumps are extensively used as 
bilge-pumps. R. H. B.* 

PUMPS, STEAM. Under this heading reference is made to pumps and engines rigidly connected 
together, in distinction to power piunps which are moved by gearing or flexible connections. 

Mr. H. R. Worthington of New York, who is probably the pioneer inventor of a direct-acting 
steam-pump, about the year 1840, being engaged in experiments with a steamboat for canal naviga¬ 
tion, invent^ an independent steam-pump for feeding marine boilers, which he patented in 18^. 
In this pump the steam-cylinder was supplied with steam through a pipe, which had a valve at the 
other end within the boiler. This valve was controlled by a float, which by its rising or falling sup¬ 
plied more or less steam, and allowed the pump to run faster or slower, according to the hei^ of 
the water. The slide-valve controlling the admission of steam to the cylinder was acted upon by a 
spring, compressed by the action of the engine, so that it remained at rest until, at the proper time, 
by the further motion of the engine, the spring was released and moved the valve. This was the 
beginning of the numerous class of inventions that followed for storing power to act upon the steam- 
valve. In some an application was made of the force of gravity, the moving piston being caused to 
lift a weight which, passing a neutral point or centre at the instant of piston stoppage, acted on the 
valve. The momentum of the piston has also been applied as the force to move the valve, and a 
pump on this principle was patented in 1849 by Messrs. Worthington k Baker. 


* Prepared by T. F. Kr^Jewski, under Uie direction of B. H. BueL 
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The Worthington d: Baker Pump^ Figs* 3544 and 3545, has been extensively used as* an independ¬ 
ent feed-pump for marine and stationary boilers. The general principle involved in its construction 
is the oombimttion of a pump with the steam-cylinder that drives it by direct action, without the in¬ 



tervention of a crank, fly-wheel, or any other device for producing rotary motion. The steam-cylin¬ 
der 5 is in all respects similar to that of an ordinary high-pressure engine, with the parts as usually 
constructed for the admission and emission of the steam. The rod of the piston which traverses in 
this cylinder is prolonged and attached to the plunger P of a double-acting pump. The arm A is 
fastened to the middle of the piston-rod, and strikes the tappets or nuts on the valve-rod at each end 
of the stroke, in order to change the position of the steam-valve, and admit steam to alternate sides 
of the piston. At low speed, more especially, the obvious tendency of the motion is to bring the 
steam-valve directly over the ports, and exclude the steam from either end of the cylinder. The 
patentees obviated this serious difficulty in a manner at once simple and effective. By a peculiar 
arrangement of the water-passages in the pump, the resistance is reduced or relieved at or near the 
end of the stroke, and thus a momentum is suddenly generated amply sufficient to throw the valve 
wide open. A m<^ification of the ordinary slide-valve, which the patentees denominate a B-valve, 
is shown in the drawing, and serves to admit the steam in the proper direction, without resorting to 
levers for changing the motion. The pump shown at C, called the double-acting plunger-pump^ con¬ 
sists of a plunger or plug P, working through a ring, which may be made adjustable if necessary. 
The course of the water, as indicated by the arrows, is through a set of valves resting upon seats 
that radiate from a common centre, and covered in by the cap A, Fig. 8545, which is held firmly in 
its place by the single bolt B, As all these valves are thus accessible at a moment's warning, a 
great source of danger from delay in relieving them from impediments is avoided. 

The next step taken in the improvement of the direct-acting steam-pump was to act on the valve 




by means of a secondary or sub-cylinder and piston, to which steam was admitted by a sub-valve, ac¬ 
tuated by the main piston at the end of the stroke. This is the plan now most extensively used, the 
numerous valuations and modifications of which have not changed its general character. Finally, 
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there is the steam-pump built on the general principles of the rotative steam-engine, with a crank 
and fly-wheel, and an eccentric to operate the valve, or a fly-wheel with yoke arrangements to con¬ 
trol the movement of the piston and valve. 

Forms of Steam-Pumps, —Steam-pumps are made with single steam-cylinder, non-expanding, and 
with two cylinders on the compound or double-cylinder principle. Direct-acting pumps can be di¬ 
vided into two classes: steam-pumps with outside valve-gear, or those having some of the moving 
parts, which act to operate the valve, outside of the cylinder; and steam-pumps having their valve- 
gear inside, no moving parts being visible when the pump is in operation, except the piston-rod. 
Pumps with crank and fly-wheel form a separ 'e class, and the general divisions of this class can be 
illustrated by two examples. 

The Eclipse Sleam-I^mp. —Fig. 3646 represents the Eclipse steam-pump, manufactured by S. D. 
Hubbard & Co. in Pittsburgh, Pa. The crank-shaft is here on the outside of the steam-cylinder, with 
an eccentric acting on a rocking lever, which is connected with a common slide-valve controlling the 
admission and exhaust of steam. On each end of the shaft is a fly-wheel with a crank-pin, to which 
motion is imparted from the cross-head through the connecting-rods, the cross-head moving the pis- 
ton and plunger-rod. The movement of the valve is thus positive, and the speed of the piston and 
plunger varies during the stroke, as in a common steam-engine, according to the distance from the 
end of the stroke. 

The Clayton Steam-Pump. —Fig. 8647 represents another crank-wheel pump, as manufactured by 
James Clayton of Brooklyn, N. Y. In a yoke, shown separately in Fig. 3648, which couples the pis¬ 
ton- and plunger-rods, is a bearing for the crank-shaft journal, which performs here the same func¬ 
tion as the crank-pin of the former pump. This bearing slides up and down in the yoke, the lost 



motion caused by the wear being taken up by the adjusting wedges shown. On both sides of this 
journal are two arms: one supports the fly-wheel, which is attached to it in the centre of the motion; 
the other gives movement to a similar but smaller yoke, which acts on the steam-valve. 

In this class of steam-pumps, the matter of properly arresting the piston motion does not present 
any difficulties, the piston being controlled by a crank ; but in the case of direct-acting steam-pumps 
this is a serious consideration, and has given rise to numerous inventions. The difficulty to be over¬ 
come consists in arresting the motion of the piston at a proper distance from the cylinder-head, 
whether the piston moves at a slow or a high speed. It is easy to see that, although the motion of 
the piston is controlled for a certain speed, if this speed is exceeded the increased momentum may 
carry the piston beyond a proper limit, and endanger the cylinder-heads; while in the reverse case 
the stroke of the piston may be shortened, thus occasioning a waste of steam. The principal efforts 
in the way of remedy may be said to consist of a prompt admission of steam at the end of the stroke, 
buffers placed between the cylinder-covers and the piston, and the early closure of exhaust, produ¬ 
cing a steam-cushion. This last plan, which is most generally applied, is effected either by the elosinjg 
of the exhaust-port by the piston, or by the action of the main valve. The same plan of cushioning 
is also applied to the sub-pistons which operate the valve. 

Examples of the class of steam-pumps which have no moving parts seen on the outside are given 
below. 

The Cameron Steam-Pump. —Fig. 3549 represents a sectional view of the Cameron steam-pump. 
A is the stcam-cyliuder; C, steam-piston; 7>, piston-rod : X, steam-chest; Fy auxiliary piston ; 
slide-valve; Hy starting bar connect^ with a handle on the outside; /, /, reversing valves, and 
Ky bonnets over them; Fy the body-piece connecting the steam- and water-cylinders ; B, water-cylin¬ 
der, with the valve-chest bonnet removed ; Jf, a valve-seat and valve shown in section; Ty discharge 
air-chamber. Steam enters the stcam-chcst between the two heads of the auxiliary piston F, whi<^ 
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carries with it the slide-yalve G. Minute openings are made in the heads of the piston to permit 
a leakage of steam from the steam-chest proper to the spaces inclosed by these heads and the steam- 




chest cover. When the piston reaches the end of the stroke, it strikes the small valve /, which opens 
the communication between the space at that end of the auxiliary piston and the exhaust-pipe through 
the passage E. At that moment the auxiliary piston moves, the pressure being only on one of its 

faces; thus the position of the slide-valve is reversed, and the steam- 
port opened for steam to move the main piston. As soon as the 
auxiliary piston has moved far enough to cover the passage its 
farther movement is checked by the compression of steam which is 
entrapped in the space, until an equilibrium in the pressure on both 
faces of piston F is obtained. The momentum of the main piston 
C is cushioned by compressing steam not exhausted during the re¬ 
turn stroke. In the figure are shown two passages connecting the 
cylinder with the steam-ports at each end, in addition to the port- 
openings proper. These are very small passages communicating 
with the steam-ports, and their function is to start the piston on 
the return stroke, when the steam-port proper is covered by it. As 
soon as the piston passes over the steam-port proper, the exhaust 
ceases, the compression takes place, and the momentum of the pis¬ 
ton is neutralized. Direct-acting steam-pumps with some portions 


of their valve-gear external are more numerous than the preceding class, and illustrations of several 
varieties are appended. 

The WwiMfiffUm Du^ Fig. 8650 represents the Worthington duplex pump. Two 
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steam-pumps are placed side by side, and so combined as to act reciprocally upon the steam-valves of 
each other, by means of rocking shafts; one arm of each rocker receiving its motion from the piston- 
rod of one pump, and imparting this motion to the steam-valve of the other pump by the second arm. 
The action of this pump is exactly the same as that of the Worthington duplex pumping engine (see 
PuicpiNG Engines), except that here there is only one high-pressure cylinder. The means of cushion- 
ing the momentum of the piston is as follows: There are two ports for each end of the steam-cylin¬ 
ders, both of which are exhaust-ports, but only the outside one is an admission-port The piston, 
arriving at the end of the stroke, covers the inside port only, the outside port being covered by the 
steam-valve, and thus the steam, being compressed, checks the movement of the piston. On large 
pumps, as a precaution against accident—as for instance a sudden suppression of the resistance by 
breaking of the pipes—a special steam-valve, or steam-buffer, is placed on the cylinder-cover; so that 
should the piston exceed the proper limit of its stroke, it strikes this valve and thus admits steam to 
the cylinder. This valve is kept closed at other times by the steam. 

The KnowUe Sleam-Pump. —^Figs. 3651 and 8662 represent the Knowles steam-pump. Its valve-gear 
consists of an auxiliary piston-valve, or chest-piston, which imparts the motion to the main v^ve. 
This chest-piston has both reciprocating and rotary motion; the rotary motion being imparted to it 
by means of a rocking lever attached to the frame, one end of which is attached by a connecting-rod 
to the chest-piston rod, in such a manner that, when the end of the rocking lever moves up or down, 
the short piston partially rotates. The rocking lever receives its motion from the main-piston rod, 
which slides under its concave surface, and alternately raises the respective ends. The chest-piston. 
Fig. 8551, has small ports in its solid part, which communicate at certain times with the steam- 
chest proper through ports in its lower seat (shown on the right-hand side of the cut, partly in section). 



SrCAM VAL^C 
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The communication between these ports is established or broken off by rotating the chest-piston. 
When the main piston is at the end of its stroke, the chest-piston, by the rocking shaft, is pla^ in 
the position in which the ports above described communicate, and steam, entering the space between 
the chest-piston and the steam-chest cover, forces the chest-piston to reciprocate far enough to open 
the small exhaust-port (shown in the cut in dotted lines), and permit the discharge of steam. This 
exhaust-port is closed by the chest-piston on its return stroke, and thus a compression takes place in 
the space, giving the cushion for neutralizing the momentum of the chest-piston. The stroke of the 
pump can be changed by raising or lowering the arm which slides under the rocking lever, by means 
of a nut. The upright arm attached to the main piston is an auxiliary arrangement used sometinoes 
when a pump has been at rest long enough to permit the accumulation of rust on the chest-piston, to 
move the valee by striking the tappets on the chest-piston rod. The main valve is a so-called B-shaped 
valve, first used on steam-pumps by Mr. Worthington ; its action is exactly the reverse of that of the 
D-valve. The main piston, before it reaches the end of the stroke, closes the exhaust-port (as seen in 
the cut), and thus compresses the steam that fills the remaining space, and cushions the momentum 
of the piston. To compensate for the difference in the momentum at different speeds, there is a port 
connecting the end space of the cylinder with the exhaust-port, and a valve operated from the outside 
to regulate the area of opening of this port; by closing or opening this valve more or less compres¬ 
sion is allowed. There is still another auxiliary port, connecting the end space of the cylinder with 
the steam-chest, which, being opened by the main valve in time, admits steam to start the piston for 
its return stroke ; and, in case the pump has a condenser attached to it, it gives the cushion for the 
piston. The steam, after moving the piston, is ordinarily exhausted into the atmosphere; but some¬ 
times it is discharged into a condenser, creating a vacuum on the exhaust side of the steam-piston. 
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A large double-acting steam-pump, constructed according to the system just described, was built 
by the Knowles Steam-Pump Works for the Newport water-works; capacity about 1,600,000 U. S. 
gallons per day, running at the rate of 50 strokes per minute. This pump is on the compound prin¬ 
ciple, and the following are the most important dimensions: Diameter of high-pressure cylinder, 20 
in.; low-pressure cylinder, 38 in.; pump-plungers, 18 in.; stroke, 86 in.; suction- and discharge- 
pipes, 16 in.; steam-pipe, 4 in.; connecting-pipe between cylinders, 6 in.; exhaust-pipe, 8 in.; heater, 
10 ft. long, 14 in. diameter, with coil of l^-in. pipe for feed-water; steam-cylinders jacketed on sides 
and beads; area of pump-valves, 864 sq. in.; steam-cylinder of vacuum-pump, 8 in. in diameter; 
vacuum-cylinder, 14 in., stroke 16 in.; jet-condenser, 23 in. in diameter, 46^ in. high, 2-in. injection- 
pipe, 6-in. discharge-pipe, 6-in. pipe from condenser to pump. 

Blokes Steam-I^mp^ Figs. 8663 to 3666.—In this the main and auxiliary valves are plain flat slide- 
valves. The auxiliary valve, being simply a continuation of the three ports of the main cylinder, is 
abo called the movable valve-seat; it receives its motion from the main piston, its valve-rods being 
connected by levers with the tappet-rods, as shown. On the movable valve-seat, the main (D-shaped) 
valve is shifted by auxiliary steam-pistons, which move in cylinders forming the end portions of the 
steam-chest. Fig. 3666 is the plan of tlie top of the main cylinder, or the scat for the auxiliary valve. 
The ports 2) Z A lead to the main cylinder. The ports E E admit steam to the auxiliary cylinders, 
and their course is shown in section on the right-hand side of Fig. 3664 ; they are opened and closed 
alternately by the auxiliaiy valve, the under side of which is shown in Fig. 8666. Between the two 
auxiliary steam-ports is the port W, Figs. 3664 and 3665, which is the steam-supply port for the steam- 
chest. Ports K Fig. 8666, are the exhaust-ports for the auxiliary cylinders, their course being 


8566. 8658. 



shown in the section on the left-hand side of Fig. 8564; they are put in communication with the port 
B (shown in Fig. 3666 in the centre between them), which leads to the main exhaust-port, by means 
of a B-valve, cast in one piece with the auxiliary valve, as seen in Fig. 3666. The ports ABC are 
the continuation of the ports in the main cylinder. From this description of the single parts, the 
working of the pump will be easily understood. Suppose the main piston is moving from left to 
right; near the end of its stroke it strikes the tappet-rod, and slides the movable valve-seat to the 
right, thus opening the steam-port on the right and giving lead, and at the same time setting the 
port on the left in communication with the exhaust. The lead neutralizes the momentum of the main 
piston, and starts it on the return stroke. The movable seat has opened the auxiliary steam-port Z, 
on the right, thus admitting steam to the auxiliary cylinder on the right and moving the auxiliary 
piston to the left; the auxiliary exhaust-port if, on the left, is at the same time put in communica¬ 
tion with the port B (Fig. 3666) leading to the exhaust-pipe. The momentum of the auxiliary piston 
is neutralized by the piston overrunning the exhaust-port in time, and thus compressing the remaining 
steam. This operation is repeated at the other end of the stroke. 

The National Steam-Pump^ Fig. 3567.—The valve-gear consists of a main piston-valve performing 
with its ends, or faces, the function of an auxiliary piston, the valve-stem acting as an auxiliary valve. 
The steano-cbest is also an auxiliary cylinder as shown The valve-stem has some lost motion be¬ 
fore it can strike the springs, secured at each end of the valve between a counter-bore and a collar 
screwed to a shoulder, and thus move the valve. By this arrangement steam can enter and be dis¬ 
charged from the auxiliary cylinder before the valve is moved by the steam, there being slots cut in 
the stem and combined with passages in the valve-chest covers. On the main valve are grooves by 
which a communication between the main-cylinder ports and the steam- or exhaust-pipes can be es- 
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tablished or shut off. The arrows in the figure show the passage of steam into the main cylinder on 
the right-hand side, and the exhaust on the other aide. When the piston arrives at the end of the 
stroke, the arm on its rod strikes the tappet of the valve-stem and admits steam to the auxiliary 
cylinder at one end, exhausting it from the other. Thus the valve admits and exhausts steam from 



the opposite ends of the main cylinder, its momentum being taken up by the spring, which remains 
compressed until the return stroke. 

The Isochronal Steam-Pump^ Fig. 3658, so called by its inventors and manufacturers, Messrs. Cope 
k 31axwell of Hamilton, Ohio, has a governor, the function of which is to regulate the strokes of the 
piston so as to make them isochronous, or constant in time. These pumps are usually constructed 
upon the compound principle, but in the engraving one with high-pressure cylinder only, being more 
suitable for description, is represented, only the steam-cylinder with its valve-gear being shown. 
The steam-chest consists of a sub-cylinder E E\ with two pistons 2)' 2), joined together and with 
the main valve. The sub-cylinder has its own steam-chest and a valve which admits steam to the 
sub-cylinder, and thus moves the sub-pistons and the main valve, if is a cylinder filled with oil, in 
which a piston O can reciprocate. A channel or port leads from one side of the piston Q to the 


other, and is provided with a stop-cock Z, which when wide open allows the piston to be mowed at 
any speed, as the oil is easily displaced; but when the cock is partially closed, the displacdDent 
of the oil will require a certain time. The oil-piston is attached by a rod to the auxiliary steam-platons^ 
and the latter can thus open the main valve only by consuming a certain time, dependent on the posi¬ 
tion of the stop-cock. The movement of the oil-cylinder is positive, being imparted from the main 
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piston-rod by means of the levers /' / T. The tappets e e ot the stem F' are struck by the oil- 
qrlinder, thus moving the valve F, which admits steam to one end of the sub-cylinder and exhausts it 
from the other. Supposing now the main piston ^ to be at one end of its stroke (as shown), the 
valve ^is then open and admits steam to the sub-cylinder at E\ exhausting it at E; if the stop¬ 
cock L were now fully opened, the main valve would be suddenly shot open, admitting the full force 
of the steam to the piston, instead of allowing the piston to rest for a time, and then have its inertia 
overcome gradually. As the movement of the sub-pistons is controlled by the piston which in 
turn is controlled by the oil in the cylinder if, the sub-pistons will have to move gradually; the 
main valve, having a lap, allows sufficient time for the piston to pause, and then furnishes it with 
steam. The main piston now commences its travel, and moves the oil-cylinder in the opposite di¬ 
rection. The main valve is held open by steam in the sub-cylinder, just balanced by the resistance 
of the oil in the oil-cylinder. If for any reason the main piston increases its velocity, the oil, re¬ 
sisting a greater velocity of flow, will increase in pressure, and thus, preponderating over the steam- 
pressure which keeps the main valve open, 
will partially close that valve. If, on the oth¬ 
er hand, the main piston moves more slowly, 
the oil loses some of its power of resistance, 
and the steam in the sub^ylinder, preponder¬ 
ating, partially opens the main valve. When 
the oil-cylinder moves far enough for its end 
to strike the piston it will move the main 
piston sufficiently to close the exhaust-port, 
and thus cushion the steam; at this instant 
the valve ^admits steam to the sub-piston. 

Condetuer for Steam-Pumpi. —condenser 
designed for use in connection with steam- 
pumps, patented by Craig k Brevoort of New 
York, is shown in Fig. 3669. The flange D 
is screwed to the suction-orifice of the pump, 
and the flange S to the pipe leading to the 
well, or whatever source of supply the pump 
may have. IF is a water-jacket surrounding 
the main chamber of the condenser A and 
with which the suction-pipe S communicates, 
permitting a free circulation of the water with¬ 
in the jacket and into a hollow cover or top, 
through a series of openings, one of which is 
shown at a, and from thence into the body of 
the condenser through the pipe carried by 
the float F; the pipe also acts automatically 
as a valve to enlarge or contract the space 
through which the water enters, by which 
means the possibility of the condenser being 
flooded is avoided. The pipe also acts, it w ill 
be observed, as a guide to the float F. The 
valve e, which is raised or lowered by means 
of a screwed stem, shown coming through the 
elbow, is for the purpose of increasing or de¬ 
creasing the flow of water according to the capacity of the pump to which it is attached. The 
exhaust-pipe from the steam-cylinder is screwed to the cover at E. The exhaust-steam is thus 
thrown directly into contact with the water entering the condenser on its way to the water-cylinder 
of the pump through 2). 

ExrauMENTS ON Steam-Pumps. —Some experiments on the performance of steam-pumps were made 
at the Fair of the American Institute in 1867, and a summary of the results is given below. 


Summary of Trial of 8team-Pump$ at American Institute Fair^ 1867. Steam-Prenure 60 Ihs. per 

8q. in. ; Waier-Pressure the same. 


NAME OF 
PUMP. 

DEScmipnoN 
or PUMP. 

Lraath 

of 

Stroke. 

DfaiMter 

of 

StMun- 

Cylinder. 

Dkmotcr 

of 

WoUr- 

CyUadcr. 

Time of 
TriaL 

Nnmher 

of 

DoobU 

Strokca 

per 

Minnte. 

Indicnted 

Horee- 

Power. 

EffectiTO 

Horne- 

Power. 

Per Cent. 

! of 

Eflclencj. 

Onllone 
of Water 
dclirctnd 
per 

Minute. 

Ratio of 
Actoal 
Delivery 

to Dii- 
plamnent 
of Pomp- 
Plunir^r. 

Klairtni_ 

Direct-actinf 

Indm. 

12.6 

loobM. 

18 

Inches. 

7 

Min. Sec. 

40 

47.7 

12.16 

6.86 

62.28 

181.7 

.96 

Koowlea... 

•4 U 

11.8 

10 

6 

26 20 

60.1 

11.71 

6.2 

44.8S 

148.6 

.986 

Woodward. 

Crank. 

6 

12 

7 

28 10 

96.9 

18.41 

6.82 

48.4 

166.8 

.885 

NiAEBra.... 


7 

0 

6 

89 01 

111.8 

9.66 

8.66 

87.87 

104.4 

.964 

Cla^D- 

a 

7.6 

9 

5 

86 40 

110.6 

10.88 

1.9 

18.88 

54.4 

.49 


The report of the trial of the circulating pumps of the U. S. steamer Tennessee, by Messrs. Skeel 
and Hunt, published in the Journal of the Franklin Institute for December, 1874, and January, 1876, 
is of unusual interest and value. A synopsis of the report is appended. The pumps were Blake 
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pumps, similar to that described on page 619. The principal dimensions were as follows: Diameter 
of steam- and water-cylinders, each 18 in.; diameter of piston-rod, 2^ in.; steam-ports, 6 in. x 1^ in.; 
exhaust-port, 5 in. x2^in.; maximum stroke of piston, 19} in.; actual stroke of piston, 18f in.; 
width of opening of steam-valve, f in.; width of opening of exhaust-valve, f in.; diameter of auxili¬ 
ary piston, 6 in.; stroke of the same, f in.; 6 receiving and 6 delivery valves, each 7 in. in diameter; 
total area of valve openings, 171 sq. in.; ratio of piston area, }; diameter of receiving and discharge 
nozzles, 15 in.; distance of centre of pump below water-line, 2 ft. 6 in.; length of pump over all, 7 
ft.; width over all, 2 ft. 10 in.; height over all, 6 ft. There were two of these pumps used for cir¬ 
culating the water through the condenser; each had a separate suction-pipe, drawing water through 
a strainer containing 2,000 ^-in. holes, in the bilge of the ship, thence to a Kingston valve, and 
through 15 ft. of 15-in. copper pipe to the top of condenser, where the water from both pumps united 
and passed four times through nests of condenser pipes, and finally through two 15-in. copper pipes, 
25 ft. long, to outboard delivery valves, 24 in. below the surface of the water. On the occasion of 
the trial, temporary pipes were attached to each outboard delivery, to cariy the water up to a tank 
where it could be measured. The bottom of the tank was a composition plate, planed, 1 in. thick, 
with 66 holes, each of 1} in. diameter, and beveled out on the upper side in. with SO** angle. The 
average distance of these holes was 3} in. between the centres. During the experiment a portion of 
the holes were plugged, and the pumps worked under the additional load due to 11 ft. head on the 
stand-pipe and the friction of the sides and bends. The volume of water that would be discharged 
through the plate in the bottom of the tank, at various heads and with different numbers of the 
orifices plugged up, was first determined; then a series of experiments were made to ascertain the 
volume of water delivered at various velocities of the pumps, and the power required to work them. 
These experiments were made by running one pump at a velocity required to maintain a constant 
head in the tank of nearly 6 ft., the engineer changing the throttle a little, in response to signals, 
when the head of water varied. The head could be maintained within 2 in. of the desired point. 
All experiments were made with the same head in the tank, plugging more or less of the holes, in 
order to change the velocity of the pump in different experiments. In some of the experiments the 
pumps were run one hour, but as the head and strokes were so nearly constant, half an hour was 
considered generally sufficient. The number of strokes during a minute was counted every 6 minutes 
by a correct sand-glass in the long runs, and every 2} minutes in the short runs; the mean head was 
noted during the minute, when there was any variation; and indicator cards from steam- and water- 
cylinders of the forward pump were taken every 6 minutes. The stroke of the forward pump was 
18} in. The following table gives the means of the results: 


T<jhU shotoing ResuUt of Experiments on Circulating Pumps of U» S, Steamer Tennessee^ hg 

Messrs. Sked and Hunt. 


DETAILS. 

naar sxFSBiMcirr. 

SXCOXD KXPESnUDIT. 

THUKD xxpsBnfSsrr. | 

Forward 

Pump. 

ktxm 

Pump. 

Pump. 

ASw 

Pump. 

Forward 

Pomp. 

AiWr 

Pimp. 

Number of strokes... 

Head of water in tank, inches. 

Number of holes open. 

Cubic feet of water per hour. 

Normal volume of pump. 

Per cent, of do. delivereil. 

Actual volume of pump. 

68.46 

61.115 

80 

10,580 

10,930 

96.4 

10,510 

100.2 

64.5 

60.76 

80 

10,672 

11.110 

95.2 

79.648 

59.9 

40 

18,894 

18,715 

101.2 

18,190 

105 

86.458 

61.041 

40 

14,008 

14.720 

95.8 

95.8 

61 

43 

16,^28 

16,500 

102 

15,870 

106.2 

99.9 

60.9 

48 

16,827 

17,080 

9S.6 

Per cent, of do. delivered. 

. 1 








The fact that the pump actually delivered more water than was due to the piston displacement was 
explained as follows: In place of having to suck the water from a tank, the pump-cylinder was 2}^ ft 
below the surface of the water, which would, if the piston were at rest, fill the barrel, and rise 2} ft. 
above. The maximum velocity of the water in the suction-pipe was 4 ft. per second, while the velo¬ 
city due to a head of 2^ ft. is more than 14 ft.; it was thus left a marmn of 10 ft. velodty, corre¬ 
sponding to a head of more than 1} ft., which had a tendency to overflow the pump-barrel. This 
would account for the amount of water equal to the full displacement of the piston, as the head 
necessary to overcome friction was found to be less than this difference. There appears to have 
been the following cause to account for the excess of water delivered : The total length of pipes was 
70 ft.; they had to be filled with a solid column of water, there being no air-vessels on the pump, 
and there could be no air in the water except that drawn in through the Kingston valve in the bilge, 
20 ft. below the surface. The mean velocity of water in pipes was, at 100 strokes, more than 8 ft. 
per second. When the piston had its maximum velocity it was pushing this column of water, and, 
reaching the end of the stroke and hesitating an instant before the commencement of the return 
stroke, this column of water could not be instantly stopped without bursting the pipes, but must have 
continued its motion until its momentum was exhausted. The velocity of 3 ft. per second would 
carry it up about 1^ in. in the stand-pipe if the piston should hesitate long enough. The total travel 

, 18}+ 1} 
of the water might be 18} + 1^ in., and the per cent, of piston displacement delivered,—=1.08. 

The maximum excess at this speed would be 8 per cent., which would be reduced by the resistance 
of the passages. There could be no gain of efficiency from this cause; for, although a portion of the 
water had gone through the pump without effort, when the piston commenced its return stroke it 
would press on the water at rest, or nearly so, which must be set in motion at the expense of the 
steam. The results computed from the indicator cards taken from the forward pump were as follows ; 
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DcUa from Indicator Cards of Circulating Pumps. 


DETAILS. 

Pint 

Ezp«rim«nt 

S49000d 

EzpcrinMntt. 

Third 

Expcrlmcat. 

Number of strokes. 

68.46 

79.64 

95.8 


Steam, mean pressure. 

8 6 

9.72 

6.24 

10.62 

9.84 

Steam, back pressure. 

2.77 


^team, total pressure. 

11.37 

16.96 

19.96 

, Water, mean pressure. 

7.118 

7.678 

8.83 

j Pressure necessary to work pump, steani-pressuro less water-pressure 
tmean. 1.7T). 

1.482 

2.049 

1.78 

Actual horse- .ower (one piimp). 

6.6 

11.2 

14.7 

Actual horse-pow’or at reduced head (one pump). 

2.46 

4.66 

7.1 



Dimensions ok Steam-Pumps. —The following table gives the 

Principal Dimensions of Several Varieties of Steam-Pumps. 


DETAILS. 


NAME or PUMP. 


EoIipM. 

Clayton'f. 

Cameroo’t. 

KhowIm. 

BUke'i. 

Diameter of steam-cylinder. In. 


12 

12 

12 

12 

•* of wster-rvHnder. In. 

7 

7 

7 

7 

7 

Stroke, in. 

IS 

9 

18 

12 

12 

Diameter of steam-pipe, in. 

2 

2 

H 

2 

u 

** of e.xhaust-pipc, in. 

8 

Si 

2 

2i 


“ of suction-pipe. In. 

6 

4 

4 

6 

4 

** of delivery-pipe, in.. 

4 

f** 

8 

6 

Pi 

Area of bnetion-vtUvea, in. cuch end. 

20 

14 

14 

25 

80 

** of dellvery-TaWes, sq. In. each end. 

Displacement of pomp-plunger in one stroke, 
cnb in. 

20 

14 

14 

26 

10 

692.7 

846.8 

600 

461.7 

461.7 

Capacity of air chamber on suction-pipe, cub. in. 
“ ** “on delivery-pipe, cub. In. 

1,400 

£46.5 

1,000 

600 

600 

4,000 

6:^8 

1,500 

1,000 

1,000 

Diameter of fly-wheel, in. 

62 

86 

Welehi of fly-wheel lbs. 

1,000 

860 




Length of pump over all. 

9 ft. 6 In. 

5 ft. 6 in. 

5ft.‘61n. 

6ft.'7‘in. 

6 ft.’ I’in. 

Width of “ “ .. 

8 ft. 

2 ft. 8 In. 

2 ft. 

1 ft 7* In. 

1 ft 6 in. 

Height of “ ■ “ . 

6 ft. 8 In. 

4 ft. 

4 ft. 8 in. 

8 ft. 9 in. 

8 ft 10 In. 

Total weight, lbs. 

6,800 

1,800 

1,776 

1,896 

1,800 


Compound Steam-Pumps. —^Early in the history of steam-pumpSy the attention of makers was 
directed toward economy of steam. With a direct-acting steam-pump, steam cannot be expanded in 
one cylinder, the pump presenting the same resistance at all points of the stroke, so that the final 
force on the steam-piston should not be any less than the initial. The remedy was found in the 
adaptation of a compound engine, and for this particular use the arrangement gives an indisputable 
advantage. In a compound steam-pump, the steam, after the completion of a stroke, instead of 
exhausting into the atmosphere or a condenser, enters a second cylinder, much larger, where it ex¬ 
pands before it is condensed. The two cylinders are generally placed in line, one in front of the 
other, with their pistons attached to the same rod. 

In a direct-acting compound steam-pump, the range of expansion is generally somewhat limited. 
This can be best illustrated by tracing the action during a stroke. The effective pressure per square 
inch on small piston equals the total pressure per square inch on this piston diminished by pressure 
per square inch on large piston, or back pressure on small piston. Hence, if the effective area of 
large piston be found % subtracting the area of small piston, the back pressure on small piston need 
no longer be taken into account. Suppose, now, that the relative areas of the two pistons are as 1 
to 6, and consider the force acting on the small piston as unity. At the commencement of the stroke, 
the pressure per square inch is about the same on each piston, and the effective area of the large 
piston being 6, the total force acting is 6 -1- vacuum. At the end of the stroke, the steam in the 
large cylinder has expanded to about one-sixth of the initial pressure, so that the total force is 
1| vacuum—a variation in initial and final forces that is too great to be allowable in practice. 
In the practical working of the pump, however, there are some modifying conditions, which tend to 
decrease this difference. Steam, after completing its work in the small cylinder, finds considerable 
space, in pipes and the steam-chest, where it expands; it enters a cold cylinder which has been sub¬ 
jected to the action of a condenser, atid thus some of it is condensed. The vacuum at the begin¬ 
ning of the stroke is seldom as perfect as at the end. All these circumstances tend to equalize the 
initial and final forces. It will be observed that, as the difference is less between the sizes of the 
two cylinders, the starting and the final forces are more uniform ; and in reality compound steam- 
pumps never attain such high expansion as is common in the case of crank and fiy-wheel pumping 
engines. 

Mr. Worthington, in the arrangement of his duplex pumping engine, has accomplished the desir¬ 
able end of obtaining almost a perfect uniformity of the propelling force by the use of a cross-ex¬ 
haust. Two compound engines, working side by side in such manner that when one commences its 
stroke the other is in its second half, admitted the possibility of imparting the excess of force of 
one engine to the deficiency of the other, by conducting pipes from the exhaust of the small cylinder 
of one engine to the large cylinder of the other. A self-adjusting valve controls the flow of steam. 

Messrs. Cope A Maxwell apply to the valve arrangement of their compound pumping engines the 
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Bclf-goveming feature described on page 620, the effect being that steam, instead of being admitted to 
the small cylinder throughout the stroke, is withheld till needed, and then admitted only as required. 
A single valve is used for each cylinder. In its operation, it places one end of large cyUnder in com¬ 
munication with condenser; places both ends of small cylinder in free communication; places one 
end of large cylinder continuously in communication with one end of small cylinder, maintaining in 
the former a constant pressure, just sufficient for the work. Such action by the valve is coincident 
with the commencement of the stroke. No expansion, of course, takes place in the small cylinder, 
as the steam is simply shifted; but as the steam is being gradually but constantly admitted to the 
large cylinder, the pressure will soon reach a point too low for the work ; at this point the valve 
closes connection between the ends of the small cylinder, and, opening free communication between 
the steam end of the large cylinder and the opposite end of the small (^linder, admits live steam to 
that end of the small cylinder. 

Direct-acting compound steam-pumps with intermediate reservoirs, on the plan of expansion 
attributed to Ernest Wolff, a German engineer, with modifications patented by Mr. Wort^gton, 
have been built by the latter in some special cases. In this arrangement the large and small cylin¬ 
ders are placed side by side, forming a duplex compound engine with but two cylinders. Steam from 
the small cylinder exhausts into a reservoir or tank, which is of considerable capacity, thus allowing 
the steam to expand within. From this reservoir the large cylinder takes its supply of steam. The 
relative capacity of the reservoir, being large, does not admit of any considerable variation in steam- 
pressure by the contribution of the small cylinder to its contents, or by the withdrawal of steam 
from it by the large cylinder. 

Walker's Compound SteanuPump.—Yig. 8560 represents Walker’s patent compound steam-pump, 
manufactured by E. & A. Betts, Wilmington, Del. Only the engine is shown, the pump-plunger be¬ 
ing attached, as in all direct-acting pumps, to the piston-rod. The peculiar feature of this compound 
pump is that it has but one cylinder. The elongated piston has two ends provided with packing, and 

has a cylindrical portion of 
a lesser diameter extending 
between these ends, tbc said 
portion being fitted to work 
steam-tight in a central par¬ 
tition in the cylinder; two 
annular chaml^rs are thus 
formed, into which steam 
is admitted to act upon the 
smaller areas of the piston- 
ends, and it is afterward 
expanded into the spaces 
between the piston-ends and 
the cylinder-covers, to act 
upon the larger areas of 
the piston; a cylindrical 
valve regulates the move¬ 
ments of the steam, each 
end of it being formed with 
a passage to connect two 
ports, through which steam 
passes from the annular 

, , , .. j j ^ between 

the piston and the cyhnder-head, and also with a passage which connects the larger steam-space with 
the c^aust-passage. ^ Steam is admitted into a space in the centre of this valve, and finds its wav 
by minute openings into the end spaces between the valve-ends and valve-box covers; these end 
spaces arc connected by very small passages with ports formed in the aforenamed partition, and as 
the piston moves to and fro, passages formed in the piston establish a communication between the 
said ports and a port leading into the exhaust-passage, thus relieving the valve from pressure <mi one 
end and causing it to be quickly pushed in that direction by the steam at the opposite end. The porta 
are all so arranged m to provide effectually for sufficient steam to cushion both the piston and valve. 
80 as to prevent striking under any circumstances. A handle is used for moving the valve in wann¬ 
ing the cylinder, which is stationary when the pump is running. 

The following are the principal dimensions of one size of these pumps; Diameter of steam-crlin- 
der, 12 in.; diameter of the trunk of the piston, 104 ^ in.; area of low-pressure piston, 113 sq. in.; 
area of high-pressure^ piston, 264- sq. m,; ratio, 44’ to 1; diameter of steam-pipe, 2 in.; of exhaust- 
pipe, 24 in.; of suction- and delivery-pipes, 4 in. each; area of suction- and discharge-valves, 18 
sq. in. each; diameter of water-cylinder, 7 in.; stroke, 14 in.; dis|>lacement of plunger, 538 cub, 
in.; capacity of mr-chambers; for discharge, 1,614 cub. in.; for suction, 1.076 cub. in.; length over 
all, 7 ft.^ 8 in,; width, 1 ft. 9 in.; height, 4 ft. 4 in. The pump can be run from onc-third of a stroke 
to 300 single strokes in a minute. jj • 

PUNCHING AND SHEARING MACHINERY. The usual effect of perforating iron plates br 
punching is a weakening of the metal about the holes, so that the tensile strength per unit of se^ 
tion between the holes is less than that of the unpierced plate. According to experiments by Mr. 
Kirkaldy made in 1875, Yorkshire iron loses from 13 to 17 per cent, of its tensile strmgth, azi<l 
Krupp iron from 10 to 13 per cent., by punching. For experiments on punching iron, see Proceed-^ 

• Prepared by T. F. Krtjewaki, under the direction of B. H. BueL 
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inff$ of the InetittUicn of Civil Engineen^ xxx., 169-70. Ab to punching steel, see experiments of 
J. G. Smith, t6u/., xliL, 76; also lQrk*B experiments in Proceedings of the JnsiUtUe of Naval Arehi- 
teeUy Glasgow, 1878. 

In a paper read before the Institute of Naval Ardiitects in April, 1878, Mr. B. Martell, Chief 
Sorreyor of Lloyd’s Register, gives the following results of experiments showing the comparative 
advantages of punching and drilling steel: 

1. That very thin steel plates suffer less from punching than iron plates. 

“ 2. That the difference in loss of strength in punching in steel and in punching in iron does not 
appear sufficiently great to require special precautions in the use of steel up to eight-sixteenths of 
an inch in thickness. 

S. That in plates above eight-sixteenths of an inch in thickness the loss of strength in iron 
plates by puncUng ranged from 20 to 28 per cent., while in steel plates of the same thickness it 
ranged from 22 to 83 per cent. 

*‘4. That by annealing, after punching, the whole of the lost strength was restored, and in some 
instances greater relative strength was obtained than existed in them before. 

^ 6. That in punching the steel was injured for only a small distance around the holes; and that 
by reaming with a drill larger than the punch previously used from one-sixteenth to one^ighth of an 
inch around them, the injured part was remov^ and no loss of strength was then observed. 

** 6. That in drilled plates no appreciable loss of tensile strength could be discovered.’* 

The Spiral Punchy invented by Mr. D. Kennedy of New York, has proved an important advance 
in the direction of rendering annealing or reaming after punching unnecessary. The construction of 
this tool is represented in Fig. 8661. The principle on which it is based is exceedingly simple, 
namely, that it does its cutting at an angle, and bears the same relation to the flat punch that a 
shears with inclined blades does to a similar tool having its blades parallel and straight, a corre- 
spondmg advantage being secured in economy of power. According to Mr. Martell, in the paper 


8661. 



above referred to, “ in seven experiments made with two holes punched in each specimen, as shown 
in Fig. 3661, one with the flat punch and the other with the spiral punch, all the specimens broke 
through the hole made by the flat punch.” It is also sUted that a ^inch spiral punch penetrated a 
l-inch plate at a pressure of 22 to 26 tons; while a j-inch flat punch, to pierce the same plate, re¬ 
quired from 88 to 36 tons. The strength of material after using the spiral punch was determin^ to 
be about 2| tons per square inch greater than after the ordinary method of perforation, while greater 
ductility existed about the holes. 

Preaeures required for Punching. 


Table showing Pressures and Sizes of Punch for Sheets of Coppery BrasSy and Iron. 



TahU showing Punching Pressures in /roii. Coppery and BrasSyfor Circular Hole 1 Inch in Diameter. 



Bnm, 

Jhmmu*. 

Cvppm Mtd 
Bims tkkk- 
DM of SlkMi. 

Iran, 

Iron, thick- 
B«H of 
Shoot. 

Copper, 

Preotaro. 

Brut, 

Pmraro. 

Coppor and 
Braot, thick- 
Dou of Shoot. 

Iron, 

ProMUf*. 

Iron, thick* 
moo of 
Shoot. 

ISa 

Lbk 



Inch. 

Lbo. 

Lbo. 

Inch. 

Lbo. 

Inch. 



.8 

82.871 

.616 

8,863 

6,448 

.046 

40.486 

.288 



.805 

76.962 

.665 


• 4,997 

.041 

86,712 

.246 



.ISO 

69,984 

.610 

2,r)83 

8,780 

.084 

27.978 

.188 



.100 

68,591 

.446 

2,212 

8,640 

.082 

22,218 

.146 




67,028 

.404 


2,964 

.0*28 

16,618 

.104 

mm 

. 

iooo 

61A83 

.868 

1,644 

2,448 

.022 

9,462 

.057 


The amounts given in the foregoing tables may vary somewhat according to the quality of the 
metals. A general rule for wrought iron is that about 60,000 lbs. prcMure is required for praching 
a circular hole one inch in diameter through a plate one-third of an inch thick, and that this force 
varies in direct proportion to the area of the hole and the thickness of the metal. Thus, to punch 
a hole haif an inch in diameter through iron one-sixth of an inch thick would require but one-eighth 

100 
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the above pressure. The diameter of a punch for thick plates is commonly about three-sixteenths 
of an inch less than the die; for thinner plates, one-eighth or even one-sixteenth of an inch less. 
Upon the amount of this difference depends the degree of taper in the hole; for the side on which 
the punch enters will correspond to the size of the tool, while the lower portion of the piece forced 
out of the plate will eorrespond to the hole in the die, thus making a tapered orifice. This peculi¬ 
arity may be rendered useful in riveting by giving the rivet when compressed into the hole the form of 
a double cone; and care should be taken to punch the hole from the inside, or the side next the plate 
to which it is to be riveted, that the taper in the hole may be in the direction favorable for the rivet 
Cold Punching.— 7'Ae Flow of Solida. —^The flow of solid bodies under pressure has been ex¬ 
perimentally investigated by M. Henri Tresca, President of the Soci6t4 des lng4nieurs Civils. (See 
papers read by him before the Institution of Mechanical Engineers, 1867 and 1878.) He states that 
“ for all bodies two distinct periods are recognized: the period of perfect elasticity, which corre¬ 
sponds to variations of length proportional to the pressures applied; and the period of imperfect 
elasticity, during which the changes of dimensions, on the contrary, increase more rapidly than the 
pressures. If the second phase of deformation be alone considered, it is easily understc^ that it 
leads finally toward a condition in which a given force, sufficiently great, would continue to produce 
deformation, so to say, without limit—such as may be observed in the process of drawing lei^ wire. 
This particular condition, in which the deformation is indefinitely augmented under the operation of 
this great force, constitutes in fact the geometrical definition of a third period, which has been 
designated by the author as the period of fluidity, and to which the greater part of his experiments 
on the flow of solids are related. The period of fluidity is more extended for plastic substances; it 
is necessarily more restricted and may altogether disappear in the case of vitreous or brittle sub¬ 
stances. But it is perfectly developed in the case of the clays and in that of the more malleable 
metals. In his paper of 1867, the author considered the deformations of these substances by flow 
under certain given conditions; such as the flow of a cylindrical block through a concentric orifice, 
or through a lateral orifice, one of the most novel subjects of his researches; also plate-rolling, 
forging, and punching. It was there demonstrated that in these different mechanical actiona t^ 
pressure was gradually transmitted from place to place, with loss from one zone to another, in abso¬ 
lutely the same manner as in the flow of liquids, and with a regularity not less remarkable, but 
following a much more rapid law of diminution. The pressure may be very considerable at certain 
points, while it may be nothing at all at other points; and the study of the various modes in which 
pressures may be transmitted constitutes in fact a new branch of investigation, to which M. de 
Saint-Venant has given the name of plastico-dynamics. It is chiefly in the operation of punching 
metals that this mode of transmission of pressure has been manifested, wUle the processes (d 
forging, on their part, have afforded the means of establishing the correlation between those molec¬ 
ular phenomena and the development of heat which is their direct consequence.** 

Cold-Punched NtUa. —series of experiments has been made by Mr. David Townsend {Jommal 
of the Franklin ImiUtUe^ March, 1878) in order to investigate the flow of metal during cold punch¬ 
ing ; the object being to prove that an actual flow does take place under pressure, which flow is 
governed by some law not yet enunciated. Among other tests was that of partially punching bars of 
the same thickness with punches that had the same diameter, but which varied in length according 
to the depth of the hole to be punched. The bars were uniformly l^} inch thick, and the pundi -h 
inch in diameter. The flowing of the metal in downward curves is here plainly visible in sections of 
the bars when planed and etcbed«with acids. The layers in this case are all severed, and the line of 
parting of the core from the block is apparent. This property of flowing in downward curves Mr. 
Townsend considers to be highly advantageous to the quality of nuts thus made, as **on being 
tapped the thread is made up of several layers instead of one, and the strain which comes on them 
is taken on end instead of across the grain, thus giving the iron a much greater n sisting power. 
The process of punching these thick bars does not depend for its successful performance upmi the 
time taken, but upon the accuracy and power of the machine and the quality of the punch. The 
element of time is introduced only so far as the wear and tear of the tools and the machinery deter¬ 
mine it; as for the flow, that remains the same whether the motion is fast or slow.** 

The manufacture of cold-punched nuts has been largely carried on by Messrs. Hoopes & Town- 
send of Philadelphia, who have perfected a process of manufacture whereby the holes are pundied 
at right angles to the top and bottom of the nut, and, while there is a slight concave and convex sur¬ 
face, the bearing is even, and there are no imperfections or fins to be removed after the nut leaves 
the machine. The relative strength, etc., of nuts thus made and of hot-pressed nuts (see FoBGiMe Ma¬ 
chines), has been investigated by Prof. R. H. Thurston, and the results of his tests are embodied in 
a report to the manufacturers dated August 21, 1877. The object was to determine the resistaace 
to stripping and to bursting of several sets of hot-pressed and of cold-punched nuts of foigr sizes, viz., 
k inch, f inch, } inch, and | inch. Very full tables of data were compiled, showing that the cold- 
punched nuts are from 26 to 40 per cent, stronger than the hot-pressed nuts in stripping and bursting 
stress, and justifying the conclusions: ** 1. That the cold-punched nuts possessed a much greater 
average strength, combined with greater rigidity and slightly greater uniformity, than were exhibited 
by the hot-press^ nuts; and that the superiority was most strongly manifested in the trials by strip¬ 
ping stress. 2. That the cold-punched nuts exhibited a strength never attained by the hot-prened 
nuts, but that such variations in the strength of both styles occurred as to have caus^ the hot-pressed 
nuts to equal and occasionally to excel in strength the weakest specimens of cold-punched nuts.** 
In the matter of the comparative cost of finishing 1,000 cold-punched and 1,000 hot-pressed nuts. 
Prof. Thurston reports that the number of grindings of tool in facing the bottoms was as 9 to 59 , in 
chamfering the tops as 7 to 66, and in planing the sides as 17 to 174, in favor of the cold-pundbed 
nuts. Details of other experiments on cold-punched nuts will be found in the Railroad Goodie^ 
Nov. S, 1876. 


Digitized by ^ooQle 



PUNCHING AND SHEARING MACHINERY. 


627 



PuNCHiNO Machines. —For blacksmiths* punches, see Forging. Rg. 8562 represents Kennedy’s 
hand-punch, which embodies a powerful knee-joint mechanism. The construction will readily be 
understood from the engraving. With spiral punches, it is claimed that this machine is capable of 
punching t^-inch holes in iron an eighth of an inch thick. 

Hand-punches exist in a very large variety of forms. They are often constructed so as to be oper¬ 
ated by hydraulic pressure. (&e Bear, Punching.) Punching presses are employed for cutting out 
blanks for buttons (see Button-making), for pens (see Pens), and other small articles in sheet metal. 
Their commonest form is the screw-press, in which a long weighted lever rotates a vertical screw of 
quick pitch, which acts upon the end of the punch. A circular flange on the end of the screw is 
engaged by a collar-box on the upper end of the punch so as to retract the same in the backward 
movement. The punch has a square shank which moves in the guide-socket. 

Fig. 8563 represents an improved form of power-punching press made by the Stiles k Parker 
Press Company. It is important that a press of this kind should be so arranged that it may be 
stopped after a single revolution and at the top of its stroke, in order that the work may not be 
spoiled by the return of the die before the workman brings it into the right position for the succeed¬ 
ing action of the punch, and in order that there may be the greatest possible amount of room for the 
adjustment of the piece. Many ways of accomplisldng this result have been tried. The exceedingly 

8662. 8648. 


ingenious method adopted in the press represented in Fig. 8568 is shown in Fig. 8664. The upper 
end of the pitman A, carrying the slide Fy is bored out and enlarged to receive an eccentric disk 
B. The lower end of the pitman is secur^ to the slide by the pin G. The disk B is bored out of 
centre and fits the crank-shaft loosely. The disk is turned by the pinion and is held by the screws 
B. By this device the stroke is not changed, but the punch is raised or lowered to the direction in 
which the disk is turned; or in other words, the limits of the throw are altered by the full range of 
the eccentric. When it is turned down, the punch rises clear of the metal to be perforated, then 
descends through it and into the die. When turned up, the punch still rises and falls, but never 
descends so far as to strike the plate or piece of metal which the workman is adjusting upon the die. 

Heavy punching machines are used for making the holes for rivets in boilers, tanks, flues, and 
other structures made of thick wrought-iron or steel plates. Their construction is necessarily strong 
and massive, and, as great power is to be exerted at short intervals, a heavy fly-wheel is often pro¬ 
vided to maintain a uniform movement of the parts and thus obviate sudden strains. 

Punching machines are very commonly combined with shearing machines, the work of both being 
essentially the same. In some cases the construction is such as to allow of the removal of the shear- 
bhules and substitution of the punch, and vice versa, as desired. More usually, however, the two con- 
trivaocea are separate, though arranged in the same supporting frame. Rg. 8565 represents a 


8564. 
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punching and shearing machine manufactured bj Messrs. W. Sellers & Co. This is a lever ma¬ 
chine, or in other words one in which the vertical slide which carries the punch is operated bj a 

lever, the long end of the 
latter being actuated by a 
lifting cam. In another 
class of punching machine 
the pressure of the cut 
comes on a crank-pin. It 
is stated that in compar¬ 
ing machines using crank 
and lever, if in both 
cases the same geanng 
between pulley and work, 
making the same num¬ 
ber of strokes of the 
same length per minute, 
be used, there is a capa¬ 
bility of punching larger 
holes with the use of a 
lever than of a crank. In 
the Sellers machine a box 
is provided at the back 
of the frame, to hold a 
block of wood to receive 
the fall of the tail end 
of the lever on its quick 
return motion; the regu¬ 
lation of the height of this 
block adjusts the length 
of stroke of the punch, 
thus enabling it to be set 
close to the sheet or bar 
being punched. The shear 
is intended for cutting 
plate iron of usual thick¬ 
ness for boilers; it will 
shear |-inch plate. The 
punching side has its dies 
so arranged in a holder 
as to permit the punching 

of flanges of boiler-heads which arc as small as 12 in. in diameter, the punching being done from 
the outside or marked side of the head, and flanges turned out on the end of flues can be punched 



vertically. The holes in the dies for use in these machines are made lar^r than the punches by the 
following formula, expressing the diameter and thickness in sixteenths of an inch: The diameter of 
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the die-hole = diameter of punch, plus the thickness of the plate (/) = (f + 0.2 1), Thus, for iron 
plate of an inch thick, the diameter of the punch being of an inch, the diameter of the die- 
hole will be 16.2 sixteenths of an inch—say inch. This method of making the die-hole larger 

produces a taper hole in the plate, but allows the punch¬ 
ing to be done with less consumption of power, and, it is 
said, with less strain on the plate. _ 

TvotdddOi Hydraidic Punching and Shearing Machine ^ 
is represented in Fig. 3666. The movable shear and punch 
are attached to plungers operated by hydraulic pressure. 

The whole machine weighs about 28 tons. It will punch l|-inch holes in -inch plate at a distance 
of 5 feet from the edge; and it shears 1^-inch plates 6 feet from the edge, taking at each cut a length 
of 18 inches. This long cut is a great advantage in straight work, and reduces the number of strokes 
to cut the same length of plate fully one-third as compared with the ordinary geared machines; the 

knives also can be turned round, 
so as to cut at right angles to the 
centre line of the machine, at an 
angle of 46** either way, or in a 
line with the centre line, thus en¬ 
abling bars of any length to be 
cut to the length required. The 
drawback motion is self-acting; 
and by means of tapped rods and 
nuts, as shown on the punching 
end in the engraving, the length 
of stroke, and consequently the 
consumption of water, can be reg¬ 
ulated so as to be proportionate 
to the thickness of plate punched 
or sheared. The levers admitting 
the pressure and opening to ex¬ 
haust can either be worked by the 
man in front of the plate being 
operated upon, or from behind by 
the chain as shown. It may be 
added that no stop motion is re¬ 
quired in these machines, as the machine becomes stationary at any point of stroke the moment 
the man working it releases the handle. 

Sheakuto Machines. 

Power required for Shearing Machinet. —According to Dr. Hartig’s experiments, the power neces¬ 
sary to drive shearing machines when empty is 

n X t* 

expressed by the formula, P = 0.1 -I- , in 

which P = horse-power, t = maximum thick¬ 
ness of plate to be cut, and n = the number 
of cuts per minute. In the following formula, 
a —the area of surface cut or punched per 
hour in square inches, and P = (1166 -I- 1691 0i 
a factor expressing the work required to pro¬ 
duce a cut or sheared surface of 1 square inch. 

The power required to do the work itself, in 
addition to that required to drive the tool when 
aP aP 

empty, is P =- =-. For 

38,000 X 60 1,980,000 

example, a shearing machine cutting 4,648 
square inches of surface per hour, in plates 
0.4 inch thick, would absorb 0.68 horse-power 
empty and 4.3 horse-power in effective work ; 
total, say 6 horse-power. 

Hand-Shears, —^The simplest forms of hand- 
shears are represented in Rgs. 3567 and 3668, 
which are known as snips, and are used by 
sheet-metal workers in cutting out work. 

Bench-shears, such as arc used by the same 
class of mechanics, have blades measuring 

about one-fifth of the total length, which is usually from 1J to 4 feet. One of the handles is turned 
downward close to the pivot, and terminates in a square tang inserted in the bench or in a heavy 
wooden block. The other handle constitutes the lever whereby the blades are worked, and is some¬ 
times forged thicker at the end to increase the cutting effect by its momentum when suddenly depressed. 

There are about as many forms of hand-shears operated by means of mechanical contrivances as 
there are of hand-punches. Fig. 3569 represents a powerful machine of this class constructed by 
MM. Dandoy-Maillard, Lucq A Co., of Maubeuge, France. The arrangement of the double articu- 
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lated lever is well calcalated greatly to augment the power. This apparatus will cut plate iron .2 
inch thick and round bars .6 inch in diameter. The cutting blades are about 8 inches long. 

Fig. 8670 represents Kennedy’s shears, constructed in substantially similar manner to the hand- 
punch by the same maker already described. The largest size of this device cuts {-inch by 4-inch 
bar iron and f-inch round rod. The weight is 140 lbs. 

Fig. 3671 represents a shearing machine made by MM. Dandoy-Maillard, Lucq k Co., which is opera^ 




ted by hand or power as desired, and from which the shearing blades may be removed and punches 
substituted. The largest size of this apparatus punches holes .9 inch in diameter through, or shears 
plates .62 inch thick. Its weight is 4,048 lbs. 

Power Shears. — Sellers' Plate-Shearing Machine is represented in Fig. 8672. A is the upper shear 
attached to a sUde which moves vertically in ways in the frame, and is operated by a pitman or lever 

which is pivoted to the frame at 
O. The lower end of this lever 
extends down between the side- 
framing, where motion is commniu- 
cated to it in the following manner: 
Upon the lower end of the lever is 
a rack segment engaging with a 
spiral pinion, similar to that used in 
the Sellers planing machine. (See 
Planing Machines, Metal.) This 
pinion is driven by the shaft to which 
the gear-wheel B is attached. The 
direction of revolution of the spiral 
pinion is reversed by reversing the 
motion of which is accomplished 
by means of a gear, the construc¬ 
tion of which i.s also shown in the 
reversing mechanism of the planing 
machine. The plate to be sheared 
is clamped to the frame by screws, 
and through the placing of the up¬ 
per shear at an angle may be cut to 
any extent. The reversing or stop 
motion may be so set that any given 
number of plates may be divided to a fixed distance. The upward movement of the shear is effected 
by means of the pivoted links D. For shearing curved plates, curved shears are substituted. 

Circular Shearing Machine. —Fig. 3678 represents a shearing machine manufactured by M. Leblanc 
of Paris, in which the cutting apparatus consists of two circular blades rotated by the gearing 
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shown. This class of machine is especially suited for cutting metal in curved form. The apparatus 
represented is capable of dividing plates .7 inch thick. 

PTROMETEK. An instrument for determining degrees of heat higher than those which can be 
measured by ordinary thermometers. Pyrometers are required in the determination of the inten¬ 
sity of the heat of furnaces, and in ascertaining at what temperatures metals melt and chemical 
compounds are formed or decomposed. They may be arranged, according to the principles on which 
they act, in the following classes: 1. Pyrometers using the expansion of solids as a means of measur¬ 
ing high temperatures, of which class Danielles is a type; 2. Those using the contraction of baked 
clay, as Wedgwood's; 3. Those employing expansion of air, as Pouillet's, Regnault's, and Jolly's; 
4. Those using the known melting-points of solids; 6. Those depending on the chemical decomposi¬ 
tion of solids, as Lamy's; 6. Those measuring temperatures by heating a known weight of water, 
and allowing to cool in it a known weight of platinum or other metal, which has been heated to the 
temperature of the space or of the body to be tested, as Pouillet's; 7. Those which determine tem¬ 
peratures from the measures of the strength of thermo-electric currents produced by heating the 
junction of two different metals, as BecquerePs; 8. Those which determine temperatures by the 
measurement of changes produced by heat in the electrical resistance of a length of platinum wire, 
as Siemens's; 9. Those which use the expansion of the wave-length of a sound, which traverses a 
tube placed in the furnace whose temperature is to be measured, as Mayer's. 

A full theoretical discussion of the principal forms of these instruments, by Prof. A. H. Mayer, 
will be found in the ** American Gyclopsklia." For further information see an article entitled Pyrome- 
iritehe Vertuche^ by A. Weinhold, in Poggendorffs Annalen^ xxix., 1873. In this the author gives 
the bibliography of the subject, and details of his experiments with all pjrrometers to decide their 
relative v^ues in practice. 


QUARRYING MACHINE. For quarrying stone or excavating in rock, the machine illustrated 
in Fig. 3574 is employed. The engine is carried on a wrought-iron four-wheeled frame, running 
upon rails laid down over the site 


upon which the machine is to 
work. On each end of the main 
shaft is a fly-wheel carrying 
a crank-pin to which is attached 
the connecting-rod R, which with 
F\a coupled to the frame by the 
pin C. The upper end of the 
lever B passes through a sliding 
plate attached to the crank-pin, 
and a reciprocating motion is 
imparted to the lever B by the 
revolution of the fly-wheel The 
corresponding end of the lever 
F passes through a guide O bolt¬ 
ed to the bottom of the vertical 
frame shown in the drawing. 
Motion is communicated from 
the upper to the lower lever by 
means of coupling-bars, between 
whi<^ rubber blocks D E are 
placed. The end of the lever 
F^ passing through the guide G, 
gives motion to the group of five 
catting tools IH, These bars 
are of steel, placed side by side, 
and move in top and bottom 
clamps, as shown. The two bars 
I have chisel-ends set diagonal¬ 
ly, while the others are square, 
^e middle bar H is wider than 
the others, and extends to a 
somewhat lower level. By this 
arrangement, when the machine 
is advancing, the front pair and 
the middle chisel operate, and 
in traveling in opposite direction 
the rear cutters come into action. 



Within the top clamp there is a series of serrations, in which corresponding serrations in the chisel- 
bars fit, so as to prevent any movement. 

Upon the main shaft is a worm which drives the worm-wheel the shaft of which extends 
diagonally toward the back of the engine and terminates in a bevel-wheel. On the rear axle are two 
other bevel-wheels, which can be moved to and fro by means of the lever i/', so that either can be 
thrown into gear with the bevel-wheel first mentioned, and the machine is moved to and fro by this 
mechanism. Motion to the cutters is given by means of the lever F^ which drives them up and 
down, the upper clamps serving as guides in the fixed standards. 

The machines are made to cut channels at three different distances apart—4 ft 6 in., 6 ft 3 
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in., and 6 ft. 1 in. The standards can be set to any angle between a Tertical position and one 
of 45°. The number of blows struck per minute is 150 on each side, and the rate of advance is 
6 ft., the depth of cut vaxying from one-half inch to 1 inch, according to the nature of the material; 
and channels can be cut to a depth of 6 ft., but a depth of IS ft in sandstone has been cut 

QUARTZ MILLS. See Mills, Gold Aifo Silyxb, and Stamps, Ore. 

RABBLE. See Iron-makimo Processes—^Pudduno. 

RACK AND PINION. See Gearing. 

RADIATOR. See Heating bt Steam and Hot Water. 

RAG-DUSTER. See Paper, Manufacture of. 

RAG-ENGINE. See Paper, Manufacture of. 

RAILROAD, OR RAILWAY. A road with wooden, stone, or iron sleepers, supporting timber, 
iron, or steel ways, or rails, upon which the wheels of carriages may run. The graded earthen or 
stone embankment or cut which supports the road is called the ro^-bed, while ^e sleepers, rails, 
etc., constitute the superstructure. 

For motive power on railroads, see articles under Locomotites. For rolling stock, see Railroad 
Cars. See alM Bridges, Brakes, and Signals. Exceptional classes of railroi^ are treated in suc¬ 
ceeding articles under appropriate heads. 

The question of location of railroads is a broad and difficult one, and cannot be discussed in the 
limited space of a cyclopasdia It involves moreover questions not purely of an engineering charac¬ 
ter. In the appended works of reference the literature of the subject will be found. 

Eesutances ,—^The following are the chief causes of resistance to motion on roads: 1. Want of 
uniformity in the surface of the road, the weight of the load having to be lifted over projecting points 
and out of hollows or ruts, thus diminishing the effective load wldch the power may draw to such as 
it can lift. 2. Want of strength of the road-bed, let its surface be as even or uniform as it may, adds 
another impediment to the movement of a load over it, with the additional disadvantage that, wlule 
the power is endeavoring to lift the load from a cavity or hollow, the fulcrum, which in the first case 
was supposed to be rigid and fixed, is in the latter yielding and variable, subjecting the power to the 
constant effort of lifting instead of simply drawing. 3. The grade of the road, or the quantity by 
which it differs from a level. This resistance is due to the force of gravity, and, unlike the others, 
may be determined from the well-known laws of mechanics, while the former are determinable en¬ 
tirely by experiment on the road in question or a similar one. 4. The curvature of the road. This 
resistance is caused by the construction of carriages which are designed to run to the best advantage 
on a straight road. Any divergence from the latter occasions extra resistance. There are also resist¬ 
ances to motion on roads which are independent of the imperfections of the road, such as the friction 
of the axles and resistance of the air. 

The first cause of resistance above noted is in large measure overcome In the railroad by substi¬ 
tuting for the uneven gravel or pavement a hard and smooth iron surface, or the rail. The second 
cause of resistance is diminished by a system of constructions, the aim of which is to afford the iron 
rail a permanent and unyielding support. 

The whole art of railroad building, then, consists in producing, for the caniage to roll on, a hard, 
smooth surface, upon an unyielding foundation or road-bed. 

To exhibit at a glanoe the value of a smooth surface: From experiments made upon the best turn¬ 
pike road in England, and probably in the world, the following was found to be the force of traction, 
or the weight in pounds which, hanging over a pulley, would draw one ton on a level part of the road, 
the road-bed being as firm as most railways: On a well-made smooth pavement, 38 Ito.; on a broken 
Btone surface (macadamized) over an old flint road, 65; on a gravel road, 147; on a macadamized 
road, on a rough permanent foundation, 46; on a macadamized surface, on a foundation of cement 
and gravel, 46; average, 67 lbs. On a good edge railroad, the force of traction on a level is usually 
taken for one ton at 8 lbs.; or a horse will draw from 5 to 18 times as much on a good railroad as 
upon the best turnpike roads in use, and this is due to the smoothness of the surface alone. 

For the second cause of resistance, it may be stated that a locomotive engine built at Lowell drew, 
on trial, on the Lowell and Boston Railroad, up a grade rising 30 feet per mile, the same load which 
it barely drew on a level part of the inferior railroad upon which it was subsequently worked. The 
surfaces in the two cases were the same, wrought iron; but the one road-bed and rail was firm, and 
the other yielding. 

The engine which could draw, say, 800 tons gross on a grade rising 30 feet per mile, the rail per¬ 
fectly firm, would, in the same condition of rail, draw 475 tons on a level. This illustrates the vidiie 
of a firm and unyielding road surface. 

The third and fourth causes, as also all other causes of resistance to motion on railroads, are treated 
in the articles on Locomohves. 

Construction of Railroads. 

Excavation and Embankment .—Let A B Fig. 3575, represent a profile or longitudinal section of 

a portion of the line over 
which the railroad is to 
pass, and abed the level 
at which the road is to be 
formed, constituting what 
is call^ the grade Une, 
All those parts of the sec¬ 
tion above the line abed will require to be cut down, and are called euttinge ; and those portioiii 
below this line will require to be filled up, and are designated as embankment, or JdUnge. 

Road-bed^ or formation levd as it is sometimes called, is the top of the embankment or the bottom 
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of the excavation; it receives the ballast and the permanent way,* which latter consists of cross4ie8 
or sleepers, chairs, rails, fish-plates, frogs, crossings, switches, and fastenings. The width of the 
road-b^ depends upon the gauge of the track (the distance between the inside edges of the heads of 
the rails of one track or line), the number of tracks, the distance between the centres of tracks if there 



are more than one, the length of sleepers, the slopes of the ballast, and the width of side ditches if 
these are used. fig. 8676 shows the cross-sections of the average American single- or double-track 
roads in fillings and cuttings. The shaded portions represent the ballast, and the dotted lines are 
the levels of the road-beds. 

The dimensions of the standard French and English roads, for a gauge of 4 ft. 8^ in., are given in 
the following table, in comparison with the American: 



Gauge, —The standard railway gauge in most countries of the world is 4 ft. 8^ in. Gauge wider 
than this is called broad gauge^ and if narrower, narrow gauge. In 1882 a horse tramway, known 
as the Festiniog Railway, was built in Wales for the purpose of carrying slate from the quarries of 
Port Madoc. It was nominally of 2 ft. gauge, and was used as originally designed until 1868, when 
Mr. C. E. Spooner, the engineer of the line, recommended the use of locomotives. In 1869 Mr. Fairlie 
designed a locomotive known as the ** Little Wonder,” which weighed 19| tons, and which achieved 
notable results on the Festiniog road. This, and the writings of Mr. Fairlie in 1870 and 1871 on 
** The Gauge for the Railways of the Future,” attracted the attention of engineers throughout the 
world to the question of the gauges. 

The advocates of narrow gauge or Fairlie’s system claim: 1, that the cost of constructing, taking 
the average expense, will be found to vary as the gai^e; 2, that every inch added to the width of the 
gauge beyond what is absolutely necessary for the traffic adds to the cost of construction and increases 
&e dead weight of the rolling stock and the cost of working; 8, that the dead weight of the trains 
is in direct proportion to the gauge on which they run; 4 , that a saving in first construction, equal in 
many cases to 33 per cent, can be made by the adoption of the narrow gauge, which allows greater 
curvature, narrower banks, and lighter bridging, rails, and tics; 6, that narrow-gauge railroads have 
relatively greater traffic capacity than roads of the standard gauge; and finally, that they are safer 
and can be more economically maintained and operated. 

The controversy on the rauge question has reached no definite conclusion. The arguments relating 
to it will be found fully discuss^ in the files of the Railroad Gazette^ Eiigineering^ and Engineer 
from 1870. The weight of opinion of all eminent American engineers, however, is in favor of the 
standard gauge. 

The following statement gives the different gauges used on railroad lines in every part of the 
world: United States, 3 ft., 3 ft. 6 in., 4 ft. 8^ in., 4 ft. 9 in., 4 ft. 9} in., 4 ft. 9| in., 6 ft., 6 ft. 
6 in., 6 ft.; Great Britidn, 4 ft. 8^ in., 7 ft.; Ireland, 5 ft. 8 in.; British India, 3 ft. 8| in., 5 ft. 
6 in.; Canada, 8 ft. 6 in., 4 ft. 8^ in., 6 ft. 6 in.; Nova Scotia, 4 ft. 8^ in., 6 ft. 6 in.; Australia: 
New South Wales, 4 ft. 8| in., Victoria and South Australia. 6 ft. 3 in., Queensland, 8 ft. 6 in.; 
Tasmania, 8 ft. 6 in.; New Zealand, 6 ft. 3 in.; Cape Colony, 8 ft. 6 in.; Ceylon, 6 ft. 6 in.; Egypt, 
8 ft. 6 in., 4 ft. 8| in.; Brazil, 8 ft. 8f in., 3 ft. 6 in., 4 ft., 4 ft. 8 in., 4 ft. 8^ in., 6 ft. 8 in., 6 ft. 
6 in.; Argentine Republic, 8 ft. 8f in., 6 ft. 6 in.; Chili, 6 ft. 6 in.; Japan, 3 ft. 6 in.; Russia, 
6 ft ; Spain and Portugal, 5 ft. 6 in. ; France, Germany, Holland, Belgium, Austria, Hungary, 
Turkey, Switzerland, Italy, Sweden, Norway, Denmark, Peru, and Uruguay Republic, 4 ft. 8? in. 
Some of the above enumerated European countries possess also narrow-gauge railroads, which are, 
however, only of very small local importance. 

The width or epaee between tracke depends on the width of the rolling stock. American passenger 
cars are from about 9 to 10 ft. wide on the outside, and the space between the cars should not be 
less than 2 ft.; thus the space between the tracks would be about 12 ft, less the gauge. 

Slopes of Ekeavations and Embankments. —The angle to be given to the slopes of the excavations 
and embankments depends in some degree upon the depth of the excavation or height of the embank- 


* The ** permanent way** is employed in distinction to a temporary track used daring constmctlon of the road. 
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ment In the former, when the material is sand, gravel, or gravelly clay, a slope of horizontal to 
1 perpendicular is quite sufSdent; and in excavations, up to 30 or 40 ft., this slope has been found 
to stand very well. In some descriptions of clay a greater slope is given, sometimes as much as 2 to 1. 
The embankments are generally made with the same slope as that of the excavations; and it is pre¬ 
sumed that, with whatever slope the excavation will stand, the embankment formed of the material 
from such excavation will stand with the same angle of slope. 

On the English railways the slopes are covered with a layer of soil, which is procured from the base 
of the embankments or from the top of the cuttings; this layer of soil is spread over the face of the 
slope about 6 in. thick, or of the thickness which the soil from those places will yield. It is of great 
importance to the security of the slopes that the soil should be laid on as soon as possible after the 
excavation is made, or the embankment consolidated, and sown with grass or clover, or both, to get 
a turf upon it before the slopes are affected by the action of the weather. By doing so slopes will 
often stand where, without the soiling and turf, exposed to the action of the weather, they will 
not stand. In some cases, where stone is plentiful, and where there is an excess of cutting, side 
walls, similar to Fig. 3577, arc built, to retain the sides of the excavation, p q showing in that case 
the line of the slope. In such cases, stone drains, similar to that shown at g, are made to still further 
diminish the width of the railway. The propriety of doing this is entirely a matter of calculation. 

8578. 



Ballast .—^The road-bed, having been formed to the proposed inclination longitudinally, is leveled 
transversely, and is then ballasted. The ballast forms the foundation for the ties upon which the 
rails rest, and its object is to effect drainage. It is obvious that if water were allowed to accumulate 
between and under the ties, or in the ballast generally, the pressure of passing trains would set the 
water in motion, working the ballast into mud, which would soon allow the ties to settle. Ballast 
should therefore be composed of a hard, unfriable material, which will not crush under the weight of 
trains, and which will admit of efficient drainage. Usually gravel, broken stone or bricks, burnt 
clay, slag from blast-furnaces, or similar substances are used for the purpose. In Ilg. 3578 is shown 
the rounding of the upper surface of the ballast, high in the centre and gradually slo]^ toward the 
sides. A space is left under the rails to afford escape for the water, ^is is especially important 
if the natural soil is used for ballast, as is often the case in this country. The depth of ballast should 
not be less than a foot to provide against heaving of the track from frost, and a still greater depth is 
preferable. If stone ballast is used, it should be broken into pieces not exceeding 2^ in. in any dimen¬ 
sion, and all coarser stones should be separated and placed at the bottom. The width of the ballast 
at its upper surface should be such as to allow it to project about a foot and a half beyond the ends 
of the cross-ties, to prevent them from moving laterally. 

Culverts .—Railroads often cross depressions in the soil which are the natural water-drains. In 
such places culverts, which are small openings or tunnels, are placed below the upper structure of the 
road, allowing the water to pass beneath. They are built either of stones or bricks, or partly of 
wood. 

I\e8 or Sleepers .—To distribute the weight supported by the rails over a larger surface of the bal¬ 
last, and to attach the latter firmly, sleepers or ties are laid on the ballast. They are usually made 
of wood, but lately also of iron in localities where wood is more expensive. Stone sleepers were 
largely used in England in the early days of railroad construction. They consisted of stone blocks;, 
about 2 ft. square and 1 ft. thick, plac^ about 3 ft. apart between centres. Cast-iron chairs sup¬ 
porting the rails were attached to them by means of wo()dcn treenails driven into holes made in the 
stone. This method presented some serious disadvantages. The stone being non-elastic, it was diffi¬ 
cult to attach the chairs firmly to it, and traveling on the road was exceedingly rough and unpleasant. 
Rails laid in chairs attached firmly to a solid rock were also tried, but without success, for the same 
reasons. 

Wooden sleepers are most generally used. These are placed across the track—Whence the name of 
cross-ties; but sometimes they are placed longitudinally, or in a combination of both these systems. 
It is important to have the cross-ties of uniform length, width, and breadth. Ordinarily they are of 
rectangular shape, and rarely half rounded, the fiat portion being then placed at the bottom, and the 
top adzed at the centre to secure a flat space on which the chair or the rail is seated. Ties of triangular 
shape with a horizontal side up were used when locomotives were of much lighter construction than at 
present Hard wood is always necessary, to prevent the rail from sinking into it In this countrr, 
cross-ties on the standard-gauge roads are usually 8 in. wide and 7 in. deep; they are about 4 ft, 
longer than the gauge, and are spaced not more than 2 ft. apart from centre to centre, and about 18 
in. at joints, if suspended joints are employed. Longitudinal ties, which are rarely used, give a con¬ 
tinuous support to the rail, which may therefore be much lighter. The Great Western Railway of 
England has a 62-lb. rail in combination with longitudinal sleepers, while on cross-ties it uses a rail 
of 75 to 80 lbs. for the same traffic. Longitudinal sleepers are connected at intervals by transoms^ 
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slightly notched into them and secured to them by boltSf the object of which is to maintain a correct 
gauge. The disadvantages that this system presents lie principally in the greater cost of laying such 
sleepers on the road, and still more in maintaining them in order. Wooden ties fail from rotting in 
the ground, or from the cutting of the chairs of the rail into them. Chemical treatment (such as 
creosoting, kyanizing, or application of sulphate of copper) is often resorted to, to preserve them 
from rotting under the action of the moisture and also from attacks of insects. 

Iron sleepers have long been used in England. Pot or bowl sleepers, represented in Ilg. 8679, 
are dome-shaped, about 23 in. in diameter at the bottom and 6^ in. high. The ballast is laid beneath 
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them in heaps to fill their interior, and through holes in their upper surface small ballast is rammed 
in to pack them close. Cross tie-rods are used to maintain the gauge. Rolled iron sleepers are made 
either as cross or longitudinal sleepers. Numerous systems of these were exhibited in Paris in 1878 
(for a complete statement see Revue Oenkral dee Chemine de Fer^ October, 1878, and January, 1879), 
some made of new iron, some of old rails rolled into a new form, some of combinations of wood and 
iron, etc. As an example, Fig. 3680 illustrates Hilfs system, of which some 600 miles have been 
laid in Germany. It consists of a steel rail attached firmly to a longitudinal sleeper of rolled iron, 
the cross-section of which is shown in the cut, by means of 44 angles and bolts. The rail is 9 metres 
long, less the play for expansion, and the longitudinal sleeper is somewhat shorter. The rails are 
jointed by means of the ordinary fish-plates and bolts, and the longitudinal sleepers are attached at 
each joint (which comes directly under the rail-joint) to a cross-sleeper, which is also rolled, and is of 
the same shape as the longitudinal one. Longitudinal slipping of the rail is prevented by one of the 
rail-fastening angle-plates abutting against the fish plate. Another form is a rail which dispenses 
entirely with the use of sleepers, which from its shape was called ** saddle-back.’* This was placed 
directly on the ballast, which filled the cavity beneath its wings. Practice has shown that it is not 
well suited for high speeds or heavy traffic. Toughened glass (see Glass, Manufacturk or) has been 
used for sleepers and chairs with promising results. (See Engineering^ xxviii., 270.) 

RaiU^ Chain, Rail-Joints, and Rail-Fastenings. —Rails made of cast iron were used at first, but they 
were soon discarded and replaced by rolled rails. There are two typical forms of rails now used 
most generally: the double-headed rail shown in Figs. 3681 and 3682, which is in use in England and 


8581. 8581 866a 



France, and the Jlat-bottomed rail, known as the American pattern, and often called ** Yignoles ” from 
the name of an eminent European engineer who has largely used it, and which is shown in Figs. 3684 
to 8587. There is a third pattern called bridge-rail, introduced by Mr. Brunei in England, which is 
still used on the Great Western and some other broad-gauge railroads, on longitudinal sleepers. Its 
section is shown in Fig. 3683. The first pattern has been considered as possessing great advantages 
over the others, the metal being well disposed for vertical strength, and the manufacture being easier. 
The rail being reversible, an economical advantage is thus obtained. We shall see how far these 
advantages are real. Rails are laid on the tics, to which they are fastened. To keep a double-headed 
rail in a vertical position, it must be supported at the sides. The heads not being sufficiently wide to 
afford the required bearing on the tie and prevent the sinking of the rail into the wood, some method 
of increasing the bearing is necessary. These two jequirements made it necessary to use “ chairs,” 
as they are ^led, in combination with the double-headed rail, thus increasing the cost. The general 
form of a cast-iron chair is shown in section and side elevation in Figs. 8681 and 8682. A wooden 
wedge is driven between the rail and one arm of the chair, to keep it in position. Such chairs were 
formerly made to weigh about 20 lbs.; but as it was found that the lower head became injured by the 
great pressure, and more so by the constant hammering of the rail on the chair if the wedge admitted 
of any vertical play, the size of the chair was constantly increased, until now chairs weighing 60 lbs. 
are used. To avoid this defect, a bracket-chair is employed on some roads. This consists of two 
distinct pieces of cast iron, shaped to fit under the upper bead of the rail, and which, extending below 
the bottom of the lower head, holds it suspended. A bolt passing through both brackets and the 
web of the rail holds all firmly together. This chair, resembling an angular fish-plate, is considerably 
lighter, but it can be attached only at that point of the rail where the hole is made to receive the bolt. 
It is generally found in practice that the rails after being reversed wear out rapidly. 

The flat-bottomed rail, with its wide base, has sufficient bearing to be laid directly on the ties with¬ 
out chairs. Spikes are driven on each side of the rail into every cross-tie, holding the rails firm 
laterally, and preventing them from rising vertically. In regard to the last-mentioned consideration. 


Digitized by v^ooQle 




636 


RAILROAD. 


ordinary spikes are not as efficient as is desirable, as they are generally partly forced out by the pas¬ 
sage of a train. Wood-screws and other devices have been tri^ for the same purpose, but they have 
shown special defects which have prevented their use. On some roads in Europe flat-bottomed rails 
are fastened to the ties by means of bolts called ** fang-bolts,*’ which either pass through holes made 
in the foot of the rail, or hold its foot by means of a clip. The bolts pass through the cross-ties, 
and are fastened underneath by nuts bearing against fangs, which latter are wafers usually of a 
triangular shape, with comers turned so as to cut into the sleepers. 

In fastening the rails to the ties great care must be taken to keep a uniform gauge and to leave 
the necessary space between the rails at the joints for expansion. The gauge is always wider than 
the distance between the flanges of wheels, the difference usually being from five-eighths to three- 
quarters of an inch. This gives the freedom to the rolling stock, and especially to the locomotives, 
to oscillate in the horizontal plane without forced knocking of the flanges on the rails, which is de¬ 
structive to both. On curves the gauge is made still wider, and the amount of play allowed here is 
in proportion to the length of the rigid wheel-bases of the rolling stock; otherwise a car or locomo¬ 
tive could not change its position from the tangential. Track-layers are usually provided with an 
instrument called a ** gauge,** one form of which, known as ** Huntington’s gauge,** is shown in fig. 
8578. This instrument has one of its heads forked to give a sufficiently wide base to bear against 
one rail, and to take a perpendicular position to the rails, measuring thus the true distance between 
them. The space between the ends of two rails, which allows a free expansion, should be, with the 
present length of rails, which is 80 feet, three-eighths of an inch in winter, in cold climates, and one- 
sixteenth of an inch in summer. It is the custom on many European railroads to place the rails in 
an inclined position, to suit the inclination of the cone of the wheels (the treads of wheels on rolling 
stock being portions of cones and not of cylinders). The chairs of double-headed rails are arranged 
to give this inclination, and for flat-footed rails the cross-ties are adzed. An observation of the 
wear of new rails, which commences on the side of the head inside of the track, proves the correct¬ 
ness of this method. 

The surplus elevation of the outer rail on curves, the object of which is to counteract the centri¬ 
fugal force of the train in motion by the force of gravitation, although it can be calculated exactly, 
yet, on account of the different spe^s of trains causing a varying centrifugal force, cannot be made 

to suit all cases. Generally it is calculated by the formula, e = ^ iii which e is the soper- 

elevation of the outer rail in inches, y gauge in feet, v speed in miles per hour, and r the radius of 
the curve in feet. ** The Road-Master’s Assistant,** by William 8. Huntington and Charles Latimer 
(New York, 1878), contains tables giving the super-elevations calculated for*various curves, gaugea, 
and speeds. 

In the beginning of railway construction it was not thought necessary to connect the rails rigidly 
endwise, but the ends were laid in an extra-large chair. It was, however, discovered that the ends 
were injured from the blows received by the wheels of passing trains, which first depress the end of 
one rail and then mount on the other—it being impossible in a chair to keep them on the same leveL 
Rail-joints were then introduced (about 1847), and are now used universally. They are either sus¬ 
pended joints if the ends of the rails come between the cross-ties, or supported joints if the ends of 
the rails are placed on the tie. The latter should always be used if the joining parts are not as strong 
as the rail itself. Fish-plates were the first joints introduced, of which fig. 8584 represents the 
ordinary form. The two splices or fish-bars, as they are called, are long enough to give room for 
four bolts, and project a short distance beyond the outside bolts. The upper and lower edm of the 
bars are made to conform to the inclines formed by the bottom surface of the bead and Uie upper 
surface of the base, by which arrangement they can be drawn tightly and form a rigid support to the 
head. The holes in the web of the rail are either oval or of a larger diameter than that of the bolta, 
to relieve the bolts from the strain caused by expansion of the rails. To prevent turning of the 
bolts, holes in the bar which receives the heads of bolts are often made oval, and that portion of the 
bolt under the bead is made to conform to the shape of the hole. Sometimes this bar is provided 
with a groove throughout its whole length, in which the heads of the holts fit and are thus prevented 
from turning. (For lock-nuts, see Nuts and Bolts.) Double-headed rails are also jointkl in the 
same manner. 

To make the joint stronger, instead of the ordinary fish-plates, angle-bars are used. Fig. 85S5 
represents a cross-section of such a joint as used on the New York, Lake Erie, and Western Rail¬ 
road. Such joints are suspended, the distance between the cross-ties being only about 10 in. They 
are strong vertically and laterally, and give a wide foot-base. The outside bottom edges of the 
bars are notched to receive spikes. 

The Atlantic and Great Western Railroad uses a double joint, consisting of fish-plates and a diair. 
Fig. 8586 represents its cross-section. The chair is made in two parts, which are held together in the 
centre by one bolt, passing underneath, hooking at one end, and provided with a clip under the nwu 
Two wooden washers, one for each two bolts, about an inch thick, are placed under the iron washers 
of the nuts of the fish-plate bolts; the elasticity of wood prevents the nuts from getting loose. 

The Baltimore and Ohio Railroad uses a joint which consists of a wooden splice 8^ in. high, in. 
wide, and 6 ft. long, which is bolted to the outside of the rail. Only a lig^t fish-bar is bolii^ on the 
inside (with two bolts for a 64-lb. rail, and four bolts for a 72-lb. rail), and an iron plate 6 in. wide 
is plac^ under the joint. 

A joint known as the Fisher joint dispenses with the fish-bars, and supports the rails only at their 
base. Its cross-section is represented in Fig. 8587. It consists of a flanged bar placed under the 
foot of the rails and between the cross-ties. This bar is rigidly connected with the rails by means of 
three U-shaped bolts, each with two nuts. Between the foot ot the rail and the nuts are placed two 
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iron bars, one on each side of the ndl, which provide a long bearing for the nuts, and give additional 
strength to the joint 

There are many other designs for rail-joints used by different railroads in this country, which are 
either combinations of the above or slightly differ from them. 

The great variety of the forms of rails and their joints, their frequent failures, and the differences 
of opinion regarding this subject, all show that the question of rails is a difficult one, and that an 
ultimate settlement of it has not been reached. 

The American Sodety of Civil Engineers has rendered a valuable service in appointing a committee 
of able engineers, who after diligent study and careful examination have given reports on the form. 






endurance, and manufacture of rails. (See IVansaetions, or Railroad OazetUy vol. vi., 1874, pp. 269 
and 288, and vol. vii, 1876, p. 474.) The following are extracts from their reports; 

A rail has two principal functions to perform: as a beam or girder, to carry the weights between 
adual supports without overreaching the limit of elasticity, and to distribute the weight bearing on 
one point of the rail among the adjacent supports, for which requirements stren^h and stiffness are 
necessary; as a wearing surface, to resist crushing and endure the wear, for which hardness, breadth, 
and area of section to wear off are required. A rail is divided into two parts: one that wears off, or 
the consumable; the other that remains, or the residuary. The endurance depends on the first; the 
strength and stiifness should depend only on the latter. 

The principal modes in which rails become unfit for service are: breaking, crumbling, laminating, 
splitting, splintering, scaling, mashing, wearing down the top, wearing off the running side of the 
luMul, breaking off the projecting part of the head when worn down thin, and hammering down 
and otherwise disfiguring the ends. The principal proximate causes of these injuries in this country 
are: brittle, crumbly, lamellar, splintering, scaly, so^ (unequal at the same level), imperfectly welded, 
weak, or permanently strained metal; insufficient wearing surface of the bead in proportion to the 
weight on it and the hardness and elasticity of the metal; unevenness from mashing or wearing 
down soft spots, so making shocks; uneven or inelastic foundation; ties too far apail or rotten; 
extreme cold, supposed to render the metal more brittle, and rendering the road-bed uneven and 
inelastic; bcul joints; very flat wheels; and accidental collisions or blows. The principal remote 
causes are: metal from bad stock, such as cold-short, red-short, cinder, etc.; insufficiently worked, 
burnt, imperfectly welded, too much or too little carbonized, too high- or too low-tempered, perma¬ 
nently strained in cooling, of unequal hardness or otherwise badly manufactured, punching, head too 
small, stem and base so heavy as to make the rail too rigid, under side of head too steep or narrow, 
or carving to hold the fish-plate; fish-plate too short, narrow, soft, or weak; uneven surface or align¬ 
ment of track; road-bed uneven, clayey, or wet; ballast too shallow or too coarse, or of unequal 
depth; stone ballast on clay without intervening stratum of sand or gravel, or very fine broken stone; 
unequ^ settling of embantoent or earth under the ballast; ties rotten, too far aparf, too thin, short, 
soft, or badly b^ded; base too narrow for the surface and hardness of the ties; steep grades, sharp 
curves, high speeds, heavy weights, bad springs; wheels small, or with inelastic faces; sliding of the 
wheels; wheels worn into grooved faces; dirt on track; numerous stops and starts; changes of 
climate; and of course heavy traffic, and the enormous amount of unnecessary dead weight of cars 
continually dragged back and forth. Some of these proximate causes act by the abrasion of sliding 
wheels, as’ on steep grades, on curves, or from conicity of the wheels. Too great weight crushes the 
metaL Traction causes the minute grain, fibres, or particles of the top of the rail to be alternately 


Digitized by t^ooQle 









638 


RAILROAD, 


pulled one way by the drirers, then the other way by other wheels, till finally they are loosened and 
rubbed off. 

The best form of rail-section should be considered in regard to the different conditions under which 
it is used. Most metal is required where there is the most wear, on the head; the other parts should 
be as light as experience safely dictates. The head should be bix>ad on the top to gire as much wear, 
ing surface as possible. Examination of rail-surfaces nearly 8 in. wide shows that they are evenly 
worn all over, forming a plane surface slightly inclined toward the running side. Whatever may be 
the contour of the face of the wheel at first, it wears into such form as to bear all across a wide 
rail. The area of contact being greater on a broad tread, the pressure per square inch is smaller, 
and consequently the endurance increased. The breadth of the head and the depth necessary for 
strength being ascertained by the ordinary calculation for beams, and by experience under actuid or 
similar circumstances, the additional depth to give consumable metals should depend on the amount 
of traffic. Supposing the rails to be steel or iron that will only give way by wearing out, let Ji 
represent the cost per mile of the residuary part of the rail, C the cost of the metal the ti^c is 
expected to consume in each year, L the loss, including inconvenience and incidental expenses, on each 
renewal, besides the cost of, the metal to replace that consumed, T the intervals between renewals, 
and a the rate of accumulated interest for that time. Then C 2' will be the consumable part of the 

x + c r 

rail, and + C T H-= F, value of a rail that will last for ever, or the present value of the 

a 

cost of the rails and their renewals for ever, traffic being constant. Of course T, which determines 
the consumable depth of head, should be such as to make the above value V the smallest possible. 
(See paper on the “ Comparative Economy of Steel and Iron Rails,” by Ashbel Walsh, C. E., in 
Transaction of the American Institute of Civil Engineers.) Suppose the residuary part of a mile of 
steel rails cost $7,000, and its renewal $4,000; then, if ( 7 = $50 per annum, T should be about 30 
years, so that C T — 1,600; if ( 7 = 100 , T should be about 20, so that C T — 1,800; if ( 7 = 200 , 
T should be about 16; if C = 400, T should be about 14; if (7 = 600, T should be about 12; if 
C = 800, T should be about 10; and if C = 1,000, T should be about 8, so that in this extreme 
case the consumable part of the head should cost $8,000, or more than all the rest together, and the 
head would be 2^ or 2f in. deep. 

The top comers of the head should not be much rounded, for that diminishes both the widUi of 
the top and side wearing surfaces; and even if rounded at first, it becomes nearly angular on the 
outside by use. The top of the head should have a convexity of about 12 in. radius. The under 
side of the head should be as broad as possible, to have the greatest bearing on the top of the fiish> 
plate. The outer comers of the imder side of the head sbould not therefore be roundc^ but sharp. 
This gives also greater wearing surface to the side of the head. The inclination of the top of the 
base and bottom of the head, where in contact with the fish-plate, should be about 4 horizontal to 1 
vertical, or about 14'’ from horizontal. As to thickness of stem, half on inch for iron and seven- 
sixteenths of an inch for steel is sufficient The base should be broad so as not to cut into the cross¬ 
ties. For good white-oak ties, 4 in., covering full 30 per cent of the ground under the rail, is suffi- 
dent, but not so for ties of soft wo^ unless it is very elastic, like cypress. Soft-wood ties require 
40 per cent of the ground under the rail, or the base should be 4^ in. or more. For the edge of the 
base three-sixteentl^ of an inch is sufficient The base should be thin. Metal for strength should 
be put into the head rather than into the base. Experience seems to have sanctioned a height of 
about 4^ in. for rails of 60 lbs. weight per yard, over 4 in. for those between 60 and 60 lbs., and 3^ 
in. for those under 60 lbs. Bolt-holes should be drilled, not punched, through the stem. The base 
should not be notched at all, but the rail held from traveling longitudinally by straps connecting fish¬ 
bolts and ties. The fish-plates should be of steel, and long enough. The English practice of using 
chairs docs not allow long fish-plates, which are thus only 14 in.; but American sbould be, and often 
are, twice as long. 

The committee proposes several patterns of rails, formed according to the foregoing principles. 
Fig. 3585 represents one of these patterns as designed and adopted by Mr. 0. Chanutc, Chief Enghieer 
of the Erie Railway. No definite relation between the proper weight of a rail and the weight of a 
wheel rolling over it can be given. The proper relation of the consumable part of the rail is not 
with the weight on a wheel, but with the amount and mode of the traffic. The relations of breadth 
of base arc with weight on rail and amount and hardness of timber under it 

The really important inquiry is, what is the relation between the size and elasticity of and the 
weight on a wheel, and the width, hardness, and elasticity of the top of the rail? Experiments made 
by Mr. Ghanute (see Railroad Gazette^ viii., 171) show that a newly-turned driving-wheel, 6 ft in 
diameter, bears upon a rail-surface only about one-fourth of a square inch. If, therefore, the weight 
on such a wheel is 10,000 lbs., the static pressure on the rail-surface in contact with it is abrat 
40,000 lbs. per square inch; the dynamic pressure is still more. If the metal is so soft as to crush 
under this weight, as most wrought iron does, the top of the rail must not only be disintegrated so 
as to be easily wiped off by abrasion, but it must be expanded and elongated; a permanent longitu¬ 
dinal strain must take place, tending to tear apart the lower part of the head and all below it; and 
if it is not soon worn out, ultimate breakage must ensue. Increase in weight at best only post^nes 
this breakage for a short time. Many rail-tops are actually elongated one-fourth inch. A wheel 
smaller in diameter will cause greater pressure per square inch than that of a larger diameter. As 
the crushing and consequent expansion of the metal extends but a short distance l^low the surface, 
all additional metal to counteract the strain should be put into the head. 

For testing rails the drop and the dead weight have often been used too exclusively. They test 
the rail only as a beam, and the metal only as to brittleness and strength. The number of blows on 
any kind and pattern of rail very closely measures the lifetime of that rail as compared with others 
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of the same kind. It follj discloses the defects of the rail, as brittleness, softness, bad welding, 
lamination, etc. This, however, docs not give the relative endurance of iron and steel, as it probably 
would if each was destroyed only by honest wear. Steel lasts many times as long as iron, not only 
because harder, stronger, more eliMtic and homogeneous, not coming to pieces, but perhaps mainly 
because as yet the weight on its surface is not great enough to crush it; whereas the weight on the 
same surface of iron, being too great for the material, crushes and destroys the fibre. 

The endurance of rails is so dependent on various circumstances, that no definite average numeri- 
cal value can be given. Some early rails are known to have been in use 26 or SO years, while new 
and larger rails laid in the same track during part of the same time have given way within two or 
three years. The means of increasing the endurance, besides increasing the sectional area of the 
consumable part of the rail, arc better metal, good ballast, moderate speeds, and moderate weights. 

The breakage of rails, besides being due to such well-known causes as ties placed too far apart or 
unevenly laid, want of good ballast, bad joints, etc., is also caused by the elongation of the top 
of the rail by too great weight on a wheel in proportion to the bearing surface and the hardness of 
the metal, ^ils break especially in winter, because the material is proved to be more brittle in 
very cold weather, the road-bed heaves irregularly and becomes inelastic, and the top of the head 
being elongated produces permanent longitudinal strain, which cobperates with the other causes. 
Insufficient allowance for contraction by cold may cause a longitudinal tension actiug against the 
fish-bolts. From a report on this subject by Mr. Chanute, it appears that on a Western railroad 
there had been no breakage for 10 years after the rails were laid, then 200 or 800 in one winter, 
and then over 6,000 the next winter, showing that by use the rails b^me more breakable. 

Regarding the comparative value of steel and iron roils, it seems probable that the best iron, if 
homogeneous and the head of uniform hardness, so as to wear off evenly, like steel, would, with 
machinexy of moderate weight, wear a third or even half as loug as steel. But, owing to want of 
bomogeneousness and uniformity, the iron scales, splinters, laminates, or somehow disintegrates or 
mashes in spots before it wears out. Iron rails of fair ordinary quality carry from 2,500,000 to 
6,000,000 tons freight, or from 4,000,000 to 16,000,000 tons gross load, according to weights, grades, 
speeds, and other circumstances. A steel rail may last 6 or 10 times as long as a really go<^ iron 
rail, 15 or 20 times as long as those that pass for good, 80 or 40 times as long as the common 
run, and 60 or even 100 times as long as many rails made ten years ago, or since imported from the 
cinder-heaps of Great Britain. 

Rail Manufacture .—^Iron rails are made by rolling together several iron bars, which are collective¬ 
ly called a pile. The bars arc variously arranged, and are either of the same width as the pile or 
shorter; in the latter case they are arranged so as to break joints and sometimes to change the 
direction of the grain. The top bar, which is to form the head, and is called a ** slab,*’ should be of 
the best hard-hammered, and if possible elastic, iron; it should be also homogeneous. For a double¬ 
headed rail a similar slab is plac^ at the base of the pile. For a flat-footed rail the base should be 
of strong and slightly ductile metal. Between the top and bottom bars puddle-bars are placed. The 
pile Is heated in a furnace to a welding heat, and hammered or rolled into a solid lump or bloom, 
and then heated again and rolled into the finished form. It is of the matest importance that the 
welding be perfect. In cooling and straightening, care should be taken that no permanent strain 
shall be engendered. The following rules are taken from a report of the Committee on Rails of the 
American Society of Civil Engineers: 

^Select the stock best adapted to each part, the hardest metal for the head, the strongest for the 
base. Use only gray metal, not white. Put no old rails into the head or base; puddle thoroughly, 
or the metal will not weld thoroughly. Cut off and throw out all ends of puddle-bars; make the top 
slab about in. thick (thicker will not heat before the small bars bum); pile 8 in. square. The 
top slab should be four-rolled (thrice heated), the bottom thrice-rolled, and the stem twice-rolled, 
heating should be uniform and thorough without burning, or the welding will be imperfect.” 

The welding of iron rails may be thoroughly tested by shearing off a short piece from the end. 
Each individ^ lamina will curl up by its^ and separate from the others if the welding is not 
perfect 

As the efficiency of welds depends on conditions not easily manageable by the skill of the work¬ 
men—as, for instance, on the absence of all cinders, and proper hammering at the proper heats— 
wrought iron, having also fibres and a grain like wood, and thus not being homogeneous, is not well 
adapted for transverse compressive strains and friction. The result is that iron has largely given 
pla<x to steel as a material better adapted for the manufacture of rails. Since the Bessemer pro¬ 
cess has been applied in manufacturing steel rdls, their price is not higher than that of iron ^Is 
of the best quality. Steel rails not only possess a higher tensile and compressive strain, but are 
homogeneous, the steel being cast into ingots from which they arc rolled, being thus free from welds. 
It is ^80 probable that the newly discovered processes of Messrs. Thomas & Gilchrist (see Stkel), 
for producing steel from phosphoric ores, will still further extend the use of steel rails. 

Steel-topp^ rails are rails rolled from iron piles with a steel slab for the head. Their manufac¬ 
ture presents some difficulties. The steel and iron, welding at different heats, often do not unite, 
and a complete separation sometimes takes place. This difficulty is partly overcome by giving a 
channel form to the steel slab. 

CaoesiNos.—If two tracks cross each other on the same level, the points of intersection between 
ead) two rails must be such as to admit the passage of the flanges of the wheels on either rail, with¬ 
out striking or mounting on the intersecting rail. An open space must thus be left; or, in other 
word.?, the rails cannot be continuous, but must be broken at the intersecting points. In the early 
days of railroads the rails were not broken on crossings, but one rail was elevated above the other, 
enabling wheels to pass over it, above the top of the lower rail. The elevated rail was pivoted so 
as to be moved out of the way for wheels rolling on the lower rail. Such crossings are still used 
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sometimes on temporary railroads; but they have been mainly replaced by a permanent or fixed 
crossing, with open spaces, or gaps, through which the flanges of wheels pass. 3588 represents 
such a fixed crossing. To prevent the wheels from entering a wrong gap, thus mounting the rails and 
leaving them, and to steady their lateral oscillations when approaching such points, guard-rails and 
wing-rails are introduced. Wing-rails, so called for the reason that they are wings or branches of 
the main rails, are indicated in the cut by the letter b ; guard-rails, a a, are separate from the 
main line, and are always introduced inside of the parallelogram. The wing- add guard-rails are 
solidly connected with the nearest parallel rails by bolts, solid blocks of iron being introduced be¬ 



tween them. If the intersecting parallelogram approaches the form of a square, the guard-rails 
are usually extended so as to form a closed parallelogram. Square crossings are the most difficult 
to maintain. 

Fig. 3589 represents a bolted steel-rail crossing made by the Pennsylvania Steel Company of Phila¬ 
delphia. This is adapted to situations where the angle is near to a right angle (90°). Tlie throat 
filling is made of wrought-iron bars crossed and fitt^ together at the exact angle, in such manner 
that it becomes a strong frame on which the rails are fitted and afterward secured by bolts. On the 
outside heavy braces are fitted into the angles and secured by the same bolts. This crossing has the 
advantage of allowing the replacement of any worn part with facility, and also of presenting but little 
obstacle to proper tamping and leveling of the track. 

Frogs. —If from one line of rails there diverge one or more branch lines, to enable the rolling 
stock to be transferred from one of the lines to another without the use of turn-tables or traverses, 
switches are employed. In connection with switches frogs have to be used. A frog is the short por¬ 
tion of two intersecting rails which run to a point; it is thus a portion of a crossing when the a^e 
of intersection is sharp. Frogs are made either of one solid piece of cast steel, or of rails rigifiy 
connected together by means of iron blocks and bolts, or riveted to an iron plate forming its base. 
Fig. 3590 represents a steel-rail frog as commonly used, a a are the wing-rails which support the 
wheels entering on the point of a frog, thus preserving the latter from great wear or from breakage. 
On the other rail of the line, opposite the frog, a guiml-rail is placed to steady the wheels latendly 
and prevent the fianges from striking on the frog-point. Frogs are difficult to maintain on account 
of the hard blows which they receive from wheels passing over them, notwithstanding the wing- and 
guard-rails. To diminish the intensity of the blows, an elastic base is sometimes laid under the 
frogs, which arc then called elastic frogs. In the Mansfield frog, the base is composed of alternate 
layers of wood and iron. Rubber is also used sometimes for the bases. 

A spring-frog^ or as it is also called a mam-line frog^ gives a continuous bearing for one line; that 
is, its point comes close against one rail (that of the main line), leaving no intermediate chan¬ 
nel. This is accomplished by means of a spring acting on a movable wing-rail, in such manner 
that the frog-point comes in contact with the rail of the main line. If a train of the branch line 
passes over such a frog in the direction toward which the frog is pointing, the flanges of the wheels 
force the wing-rail out, opening a channel which closes itself afterwi^ by the elasticity of the 



spring. If the train of the branch line passes over this frog in the opposite direction, the wing-rail 
is shoved by the action of the guard-raU, which guides the wheel on the opposite side of the line, 
keeping the wheels at gauge. 

fig. 3591 represents a spring-frog made by the Pennsylvania Steel Company of Philadelphia, a 
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is the plate; b, the fast ndl; e, the spring-rail; < 2 , the frog-point; e, housing for springs; and /, the 
cro 68 -W. The two pieces of rail which form the point are dovetailed together, and are secured bj 
two or more heavy rivets through the web, besides the riveting through the bed-plate. The spring- 
rail (or movable wing-rail) lies close to the side of the point, and is retained there by strong springs. 
The standard length of this frog is 16 ft. for any requi^ angle. 

A CTtm-wstr tracks shown in Hg. 8592, is a short diagonal line connecting two parallel tracks so 
as to enable trains to pass from one to the other, if desired, or isolating them at will; for which 
purpose at each end of the connecting track are placed switches. 

SwncHis (for interlocking switches see Signals) are movable rails, constituting essentially a por¬ 
tion of the track, by means of which a connection 
may be established between the main line and a 
branch or side track, and the continuity of the 
main line be broken; or the latter may be re¬ 
stored, breaking off the connection with the branch. 

There are two kinds of switches in use: the 
end swifcA, which is generally employed in this 
county, and the apliUraU awUch^ or poinU^ which 
in Europe is used exclusively. The former is illus¬ 
trated in Fig. 3598. If A A' represents the main line, BB' and 0 C' are two branches or sidings, 
diverging fi^ the main line to the right and left. B S are two movable rails, of which the ends 
nearest to the branching rails are call^ foes, and those farthest from it are called Aeeit, The heels 
are fixed points around which the toes move. Switch-rails are, however, not pivoted at their heels, 
but are connected to Uie adjacent rails by fish-bars, their considerable length permitting the small 
amount of motion required. Switch-rails are connected together by several tie-rods, r r. Their toes 
rest on a head-chair (a simple iron plate or casting), which also supports the ends of the fixed rails. 
The amount of motion of the toes each way is allied the threw of the switch, and is usually 6 in. 

The switch is moved by 
means of a rod R con- 
0 necting it with the lever 
A Z, which is pivoted on 
Q a stand D. In each po¬ 
sition of the switch the 
lever is usually locked. 
The engraving repre- 
sents the switch in po- 
h ^ sition for the main line; 
^ if the connection should 
be made with one of the 
branches, the toes of the 
switch would be moved 
so as to place them in 
line with the respective 
branch. The switch rep¬ 
resented is the so-called three-throw switch, as it joins three tracks. When it connects two tracks 
only, it is called simply a single switch. The principal objection to the stub-switches is that they 
cause a broken joint, as their toes cannot be rigidly connected like the other joints of the rails; and 
although the chairs provide partly for the strength of the ends, the open space which is left between 
these ends becomes gradually increased by the blows from passing wheels, which move the rails apart 
until the space allowed for expansion at the neighboring joints is all transferred to the switdi-joints. 
This largely increases the wear of switches and the rolling stock, though this disadvantage can be 
much diminished by proper care. In Dooley's sttib-swiieh^ the toes of the movable rails are placed one 
a few feet back of the other, so that only one pair of wheels passes over each at a time. 

The qdit- or poirU-swUch is represented Ip Fig. 8594. A is a rail of the main line, and B of the 




branch, both continuous ; A’ and B arc the movable rails, called tongues or points, the ends of which 
are planed off to a point so as to fit up closely to the continuous rails, which are called stock-rails. 
To leave no projection against which the flanges may strike, the end of the point-rail is planed down 
so as to fit under the flange; or the stock-rail is notched or cranked to receive the end of the point. 
The tongues are connected to tie-rods and the switch-lever in the usual manner. The diagram rep¬ 
resents the switch in position for the main line. Should it be shifted so as to bring the rail B' close 
to the rail A, the switch would be in position for the branch. 

101 


Digitized by v^ooole 







642 


RAILROAD. 


Tht three4hroio tplit-switch is represented in Fig. 8595. In this only the two outside rails are con¬ 
tinuous, while the others are points arranged in two pairs, each pair having one rail of the centre or 
main line. The arrangement shown in the diagram has the second pair of points placed immediately 

beyond the heel of the first pair of points, which is 
I - preferable. If the split-switches are plao^ on the 

track so that the trains run over them in the direc¬ 
tion from the heels to the points, they are called 
** trailing points; ** and if in the opposite way, they 
are called “facing points.*’ The difference lies 
only in use, not in construction. 

&i/ety-swite?U8 are so called from the fact that 
they prevent the train from leaving the track wheth¬ 
er they are set right or wrong. Referring to Fig. 8594, it is clear that when the points are “ trail¬ 
ing,” and are set wrong for the approaching train, the flanges of the wheels will force their way be¬ 
tween the point-rail and the stock-rail. To facilitate this action without injury to the connection 
with the switch-lever, counterweighted levers have been used in England. In this country this ar¬ 
rangement has been improved by the introduction of a rubber spring in the rods which operate the 
switch, in such manner that all strain coming on the rods is received by the spring 8, Fig. 8594. 
This switch is widely known and used as the Loren* Mfety^*witch^ from the name of its originator. 

Some improvements on the foregoing switch will be found in AineworthLt Mafety^twUcK, Fig. 
8596, in which the two tongues are oi different lengths, and the stock-rail B of the longest 
tongue A is bent outward for a certain distance of its length. The whole amount of its lateral de¬ 
flection is equal to the width of the head of the rail, thus allowing the projecting point of the tongue 
to be comparatively blunt, and to have its base but little diminished in breadth. The edge of the 
tongue A which is inside of the track coincides with that of the stock-rail (before it reaches the 
point); and as the heads 
of the two rails are also at 
the same height, the trains 
pass over the switch with¬ 
out jar or injury. Oppo¬ 
site the point of the pro¬ 
jecting tongue is plao^ a 
guard-rail C, which pre¬ 
vents the flanges from 
striking on the projected 
point. Before the other 
wheel reaches, the point of 
the shorter tongue J?, the 
longest tongue acts as a 
gui^-rail, in whatever po¬ 
sition the switch may be, and thus protects the point of the tongue B against wheel-flanges. By 
means of a special mechanism connected with the spring acting on the rod the switch, if set for the 
siding while a train on the main line moving in the direction toward which the switch is pointing passes 
over it, sets itself right for the main line. The action of the spring is such that the connection with 
the switch-lever is rigid, until after the switch is “ home ” (fitting close to the rail). This arran^ 
ment prevents the throwing over of the lever in case snow or dirt is lodged between the point and Uie 
stock-rail, thus necessitating the removal of the obstructing material. (See Journal of the Franklin 
InttituU^ April, 1879.) 

The wngle-iongne or Thiemeyer nnlch, as its name indicates, is composed of but one movable 
tongue, while the other tongue is fixed. The movable tongue projects beyond the other, and accord¬ 
ing to its position acts as a guard-rail, forcing the wheels on the other side either to continue on the 
unbroken rail or on the fixed tongue. 

7^ Wharton switch^ which is one of the best forms in use, is represented in Fig. 8597. It leaves 
the main line continuous and unbroken. A A' are the continuous main-line rails, and B B two 
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movable rails of the siding. is a grooved rail with a point fitting to its stock-rail A^ and B is 
gradually elevated above the rail A' to a height sufficient to allow the wheel-flan^ to clear the rail 
A\ The two switch-rails, which are tied with rods, are acted upon by the wei^ted lever L, The 
engraving represents the switch open, in which case trains moving in either direction on the main 
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line are entirely unaffected by the switch. Should the switch be thrown over for the siding, the 
grooved rail B guides the fla^e of one wheel for the siding, while at the same time the other wheel 
mounts on the devated rail B, Its flange then clears the rail A^ and is afterward carried gradually 
down to the proper level of the track. E and D are two safety castings which, in case of a train 
running out of the siding while the switch is open, guide the wheels to the main line. Casting E 
guides the flange of the wheel running over it laterally, and casting 2) elevates the flange of the 
wheel running over it to clear the rail A. The curved rail C is fixed at one end and is movable at 
the other; H is connected to the rocking shaft of the lever Z, so that when the switch stands 
open the rail C lies away from the rail A^ and fits close to it if the switch is set for the siding. Its 
object is to set the switch right by the automatic action of the train in case the switch is “ trailing,'* 
if by mistake it is set for the siding. If in such case a train moves in the direction toward which 
the switch is pointing, the flanges of the wheels will force their way between the rail A and the mov¬ 
able rail C, which being connected with the rocking shaft will throw it over, together with the weight¬ 
ed lever X, and thus set the switch for the main line. From the above it will be understood that as 
trains passing to or from the siding are subjected to rocking, on account of the elevation of one of 
the rails, a slowing up of the speed is necessary. 

Trap^i switch is a combination of the stub-end and the point switch. It is so arranged that the 
points of the tongues are held to fit against the stock-rails by volute springs (or by the elasticity 
of the rails), while their heels, together with the stodr-rails, are moved to be set for either position. 

Tukn-Tablss are platforms by means of which the engine or cars may be turned around. This is 
effected by excavating a pit under a portion of the trade, and laying in the bottom of this pit a dreu- 
lar track, upon which a platform, supported by friction-wheels, is made to revolve. A great many 
plans have been devised to effect this object 

Turn-tables are generally made of wrought iron, but wood is also used in their construction. Cast- 
iron turn-tables are largely used in this country. Fig. 8698 represents a longitudinal section of such 



a table, which consists of four cast-iron arms or beams, secured to a cast-iron centre-box. In the 
centre of this box is placed the peculiar pivot upon whi(^ the table turns. (See vertical cross-section 
of the centre-box, Fig. 3699.) At the outer ends of the arms are cross-nrts carrying wheels to swing 
dear of a circular track-rail, and upon which rail these wheels rest i^en the taUe tips, but they 
swing dear of it in turning. In the centre of the pit is placed a cohical centre-poet, with a broad base 
resting on a firm foundation of stone. This post extends nearly to the top of the centre-box. The 
top of the post is made hemispherical, and on it rests a cast-iron cap, carrying a set of steel plates 
gprooved and filled with conical steel rollers. The whole weight of the table and engine rests on these 
steel rolls in turning. A cap of cast iron rests on the top steel plate, and to this cap the centre-box 
is suspended on a drcle of Iralts, with a layer of wood b^ween the box and cap. By taking out this 
wood, thinning it, or adding more to it, the table can be adjusted in height. Upon the arms cross¬ 
ties are laid, and to these ties rails similar to those on the road 
are secured. The pit is usually built with a curbing of stone, and 
in the centre is built a strong foundation of a size suitable to 
carry a top stone. The pit is deepest in the centre, and grows 
shallower toward the circumference, ending in a level plateau for 
the reception of the circular track. This track, carefully leveled, 
rests on well-laid sills—stone or iron preferable to wooden sills. 

One man, with a lever of such a length as will extend over the 
enrbing of the pit, can with ease turn the heaviest engine on this 
table. If steel is used for the centre-plates and rollers, the table 
toms more easily and is more durable. The rolls ought to be 
oiled, and if cleaned at least every three months they are very 
dorable. In regard to diameter of table to suit any particular 
case, the larger diameters are the best, as the en^e, either with 
empty or with full tender, can be most readily balanced; and it is necessary that the centre of 
gravity of the load be in all cases brought over the centre of the table, so as to have no appreciable 
weight on the circular track. 

Traverse4ahles are low carriages or platforms mounted on small wheels, which run on rails laid 
perpendicular to the line of road. Two rails laid on these platforms, forming an elevated portion of 
the track, receive a car which is to be transferred to another track. The rails on which the platform 
moves may be laid temporarily on top of the rails of the road; or, as is most commonly the case, the 
table moves on a railway of its own laid in a pit, so that the surface of the table is on the level of 
the track. Traverse-tables are chiefly used in car-shops and in buildings where cars are kept when 
not in use. 

A Cab-Replacer is a device for replacing cars, locomotives, etc., accidentally off the track. The 
replacer made by the Pennsylvania Steel Company, and represented in Fig. 8600, consisto of a pair 
of double indin^ planes, wjjh hooks for securing them to the track, and provided with rails to guide 
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the wheel inward to the track. The base of the inclined planes lies on the cross^ties, and the surface 
rises from the base at each end toward the centre, so that cars can come on from either direction. 
Each plane is provided with rails of suitable design to receive the wheels. The one (.i) which is to 

take the wheel that is inside of the 
track has a rail for the flange of 
the wheel to run on, and raises the 
wheel high enough to carry the tread 
of the wheel on to the rail; the 
plane that is to take the wheel 
that is outside of the track has a 
rail (7) for the tread of the wheel 
to run on, carrying the wheel high 
enough to take the flange over the 
rail. The surface of the planes is covered with wrought>iron plate, and the rails are of steeL 

Experiments upon Permanent Wat. —long series of experiments on the stability of permanent 
way were made in Germany by Baron von Weber. (See “ Die Stabilit&t des Gefuges der Eisenbahn- 
Geleise, von M. Freiherr von Weber,” Weimar, 1869; Engineering^ x., 264; Railroad Oaxette^ iL, 
1870.) They are strikingly demonstrative of the small amount of stability, which, to use the authoris 
own words, is so small in proportion to the disturbing influences brought to bear upon it, that almost 
any one of these influences would destroy the structure if it were not that the very load itself (that 
is, of the trains) increases the stability through the agency of the friction between the wheels and 
rails. In Baron Weberis opinion, the tendency of advanced railway practice is to abandon the ordi¬ 
nary system of iron or steel rails fixed on wooden sleepers for the use of permanent-way structures 
formed of iron alone; and he considers that ultimately lines of rails will be constructed as continuous 
girders, strong enough to resist all the actions of the rolling stock, and resting directly upon prop¬ 
erly prepared ground, without the intervention of interm^iate members of perishable materials. 
The characteristic structure of the permanent way has not changed much since the time these experi¬ 
ments were made. Valuable information can be had from the data deduced, full details of whidi 
will be found in the works above named. 

Works for Reference, —“ Manual for Railroad Engineers and Engineering Students,” Vose; “ The 
Field Practice of Laying out Circular Curves for Railroads,” Trautwine, Philadelphia, 1872 ; ”The 
Civil Engineers Pocket Book,” Trautwine, Philadelphia, 1872; “Permanent Way, Rolling Stock, 
and Technical Workings of Railways,” Couche, translated by J. Edwards Wilson, London, 1879; 
“Handbuch fur Specielle Eisenbahn-Technik, von Edmund Heusinger von Waldegg,” Leipsic, 1873, 
1874, 1875, 1876; “ Methods for the Computation from Diagrams of Preliminary and final Esti¬ 
mates of Railway Earthwork,” Wellington, New York, 1876; “The Economic Theory of the Loca¬ 
tion of Railways,” Wellington, New York, 1877 ; “ Railway Appliances,” Barry, London and New 
York, 1876; “The Road-Master's Assistant and Section-Master's Guide,” Huntington, New York, 
1879. See also the following periodicals: Railroad Oazette^ New York; RaUwag World, Philadel¬ 
phia ; Railway Review, Chicago; Organ fur die ForUchriUe des Eisenhahnwesens, Wiesbaden; Revue 
OknkrdU des Chemins de Fer, Paris ; Tht Engineer, London; Engineering, London. T. F. K. 

RAILROAD CARS. Principles op Running Gear. —^The essential features of the construction 
of railroad cars, differentiating them from vehicles used on common roads, are: 1, the wheels, which 
have flanges to keep them on the track; 2, the conical tread of their wheels, se made in order to 
diminish the resistance on curves; 3, the location of the axle-bearing outside of the hubs of the 
wheels, in order to facilitate a constant and perfect lubrication of the journals and an easy exchange 
of worn-out bearing by new ones, necessitating the rigid attachment of the wheels to their axles; 
4, the location of the wheels under the car-b(^y, so that its width may not be limited by the gauge 
of the track. 

The sharpness of railroad curves puts a limit to the length of the rigid wheel-base of a car, and 
consequently to the length of the car itself. The diflScultics arising from this have been largely 
obviat^ in this country by applying trucks, by means of which the total wheel-base of a car is 
divided into two short wheel-bases, mutually independent. An arrangement by which the axles can 
take a radial position on a curve, and yet not easily lose their common parallelism on a straight 
track, has also been made. 

The dependence of the relative movement of two wheels fastened rigidly on one axle prevents 
easy running on curves, as it causes a longitudinal slip of the wheel traveling on the outer rail of 
the curve, t&s rail being longer than the inner rail. To obviate this, the treads of the wheels arc 
made conical, so that the outer wheel, with its flange closer to the rail on a curve, runs on a larger 
diameter than the inner one. If the wheel is properly coned with relation to the curve, no longitu¬ 
dinal slip will take place; but as all railroad curves are not of the same radius, no one wheel can 
be adjusted to fit all. In practice axles are never independent of each other. Two or more are 
usually held rigidly connected by a frame, and thus the ^vantage of the forward outer wheel run¬ 
ning on a larger diameter on a curve is somewhat diminished by the rear outer wheel running on a 
smaller diameter. The conditions that should bo fulfilled, in order to make the movement of cars 
on a curve as easy as on a straight line, are: 1, the radial position of each axle; 2, the transforma¬ 
tion of every pair of wheels into a cone, the summit of which is the centre of the curve; 8, destruc¬ 
tion of the centrifugal force, independently of the reaction caused by the elevation of the outer 
mil; 4, coupling of the cars such that the force exerted on the dmw-bar shall in no way influence 
the position of the wheels relatively to the track. The two wheels of the same axle are sometimes 
arranged to revolve independently of each other, in order to avoid the longitudinal slip made by the 
wheel rolling on the outer rail of a curve. But devices of this kind are seldom used, as railway 
rolling stock has to be constructed so as to run to the best advantage^n a straight tnu^ which 
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requires parallel axles and cylindrical wheels. The distance between the extreme rigid axles of a 
car is a very important factor in the cuire resistance, and is limited by the sharpness of a curve. 
The shorter the rigid wheel-base, the more easily will the car run on a curve; but practice has shown 
that placing the axles as close together as the wheels will admit (the trucks of American rolling 
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are shorter. The length of a European car is limited hj the wheel-base, as too mudi of OTerhang- 
ing weight would not be favorable for stability; and the wheel-base is limited by the sharpest curves 
of the road. At a convention held in Dresden, the maximum lengths of wheel-base for cars running 
on roads with different curves were fixed by German engineers as follows: 

Radius of curve in feet. .787 to 984 I 984 to 1,181 I 1,181 to 1,509 I 1,509 to 1,968 | 1,968 to GO 

Wheel-base. 12 ft. | 15 ft. 1 16 ft. 6 in. | 19 ft. 8* in. | 24 ft 

There is practically no limit to the length of the American car, the rigid wheel-base having no 
influence. The American car may be considered as consisting of two vehicles, each truck being a 
separate vehicle—the trucks being coupled through their centres by the frame of the car. There is 
thus a great difference between American and European rolling stock; and hence they are sepa¬ 
rately described. 

American Railroad Cars. 

Railroad cars, according to the service which they perform, are divided into two principal classes 
—passenger and freight cars. 

Fasaenger Cara ,—The prime requisites of these cars are comfort and safety. The longer the car, 
or the further apart its points of support, the less are its oscillations; the greater the independence 
between the body of the car and its running gear, the smaller is the transmitted intensity of shocks 
caused by the roughness of the track and by a sudden change of the direction of running. In these 
particulars American cars surpass those of European construction. 

A railroad car may be considered as divided into car-body, frame, coupling gear, running gear, and 
brakes. The last apparatus is treated in a separate article. (See Brakes.) Figs. 3601 and 3602 are 
longitudinal and plan sections of the passenger car used on the Central Reread of New Jersey.* 

27ie Car-Body and FiUinya .—The disposition of seats is such that there is one seat for every two 
passengers, and one window to each seat The backs of the seats are reversible, so that passengers 
can always face the direction toward which the train moves. In the centre is a passage through the 
length of the car communicating by doors with the outside platforms, admitting thus an intercom¬ 
munication through the whole t^n. On each side of a platform are steps. Ventilation is obtained 
principally by a special construction of the roof, which in its centre, through the length of the car, 
has an air space or channel called the clear-story,*’ on both sides of which are small windows and 
ventilators—the latter being openings (see Fig. 3601) provided with slides or other arran^ 
ments to open and shut them. Often in the sides of the car-body itself, between but above Uie 
windows, are placed similar ventilators. Some cars have at each end, above the doors, a long 
rectangular aperture, which can be shut or opened. The roof of the car projects so as to cover the 
platforms, and is usually provided at its extremities with sheet-iron aprons, extending a few inches 
downward to prevent cinders and smoke from entering the car through the ventilators. The heating 
of cars is effected either by the ordinary iron stoves, placed one in each end of the vehicle; by air- 
heaters, which force the hot air to circulate through pipes placed a little above the floor on both 
sides of the car, with branches under every seat; or by hot-water apparatus (see Heating bt Steam 
AND Hot Water). The lighting is accomplished by lamps, usually suspended from the roof, burning 
candles, oil, or gas, which last, in a compressed state, is carried in a metallic cylindrical tank, 
attached under the frame of the car. 

The construction of the body of the car is exhibited in Figs. 3601 and 3602. The frame, which 
is always of wood and solidly connected with the car-body, consists of two longitudinal outside mils, 
which are connected at their ends by two cross-pieces, forming a rectangle which is strengthened bj 
four inside longitudinal sills, and two iron truss-rods, a a. The truss-rods, through brackets and two 
wooden cross-pieoes, support the frame in the middle. Iron rods, bbb, brace the frame laterally. 
The frame is supported on two wooden beams, called bolsters, BB^ which are bolted to it and carry 
the centre-plates, C C. The bolsters are trussed by iron rods, ccc. The platforms, FF^ are sup¬ 
ported on separate frames, which consist of four longitudinal sills, two of which extend to the 
bolsters, as seen in the figures, and an end cross-piece. They are provided with foot-steps on both 
sides, and hand-rails. To them are attached the hand-brake spindles, D D. EE are the dust- 
guards, usually of leather, which cover the space between the platforms of adjoining cars, preventing 

the dust from rising from under the cars. These 
are not always used. The ordinary coupling gear 
consists of a wrought-iron draw-head A, whidi is 
attached between the two inside sills of the plat¬ 
form, and which performs also the duty of a buf¬ 
fer. Its construction will be understood from the 
illustration. The pulling or pushing force, exerted 
on the draw-head, is impart^ to the car through 
a spiral or rubber spring S', which is placed be¬ 
tween two iron plates, p />, the latter being held 
in position by two iron guides, G G^ which are 
bolted to the sills. The draw-heads of two cars 
are coupled by a loose, shackling iron link r, 
which is held fast by pins. Fig. 3603 represents two draw-heads when coupled; the hole in the 
centre, through which the coupling link is seen, is a safety device to prevent injury to the hand of 
the brakemon during the coupling. 

MUler'a Safety Flatform Aviomatie Coupler is largely employed on American passenger cars, 
fig. 3604 shows in the end view a longitudinal section and plan of a car provided with it, also views 



^ These and several of the surceedlng drawings are taken flx>m advanced sheets of the ** Gar-Bolkkr's DIetlaniix." 
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of the coupling hook and 
the buffer separately. 
This platform is placed 
in the centre-line of the 
main sills of the car, and 
is provided with a sepa¬ 
rate buffer acting on 
a spring which is ad¬ 
justed in the same line. 
By this arrangement it 
is claimed that the so- 
called telescoping of 
cars in case of collision 
is less liable to take 
place than if the plat¬ 
forms were placed be¬ 
low the main sills, in 


which case one of the platforms can be easily broken off. 


The coupler consists of a hook at¬ 


tached to the draw-spring in a similar manner as the ordinary draw-head, and at the same height 


above the track, but in such a way that the outer end is 


free to move laterally a sufficient distance. The coup¬ 
ling hook projects beyond the platform. The stop C 
is to prevent accidental uncoupling. When two cars 
are brought together, the coupling hooks, from their 
shape, push each other aside, until the buffers B are 
comprised hard on the buffer-springs; then, the points 
of the hooks having passed each other sufficiently far, 
the hooks are carried forward by their main springs, 
and thus the coupling and compression are both effected 
automatically at the same time, and without the use of 
links and pins. When two cars are thus coupled to¬ 
gether, the head of the hook of each car is under the 
buffer-beam of its opposite car, and the platforms are 
close together (about 4 in. apart). The effect of this 
is that one platform cannot be lorced over the other. 
The compression makes the train run steadily, and pre¬ 
vents all jerking in starting and stopping. To un¬ 
couple the cars, it is sufficient to reverse the lever D, 
which is pivot^ to the platform, and the lower end of 
which is connected to the hook by a chain. 

Trucks ,—The passenger car is supported on trucks, 
which are so arranged as to move laterally and aroimd 
their centres independently of the car. The advantage 
of this is the reduced resistance to moving on curves, 
unaffected by the length of the car and the ease of mo¬ 
tion or stability of the car-body. Passenger cars have 
either four- or six-wheel trucks. The former construc¬ 
tion is shown in Figs. 8606 to 3608, representing re¬ 
spectively the side elevation (half in section), plan, lat¬ 
eral cross-sections showing the spring-gear, and end 
elevation, showing a half section through the axle-box. 
A wooden rectangular frame, AA^BB^ rests on four 
rubber springs, i^, of cylindrical shape; these are sup¬ 
ported on two iron equalizers, E which are sus¬ 
pended on the axle-boxes placed outside of the wheels. 
The jaws J of the axle-boxes, the object of which is to 
guide them, are bolted to the frame, and are braced at 
the bottom by iron bars. The truck-bolster D rests be¬ 
tween two wooden beams, C C, which are fastened to 
the frame and strengthened by iron truss-rods, as seen 
in the illustration, and on six elliptic sets of springs, 
8 8^ which are supported on cast-iron plates, suspended 
from the beams C C on hangers HH, A timber, 
joins the supports of the springs of the opposite sides, 
and prevents the falling of a spring under the wheels, 
should the former happen to break—for which purpose 
also the iron bands 6 6 are attached, as seen in Fig. 8607. 
Between the ends of the bolster J) and the truck- 
frame is a play which admits some motion to the bol¬ 



ster. A centre-plate e is attached to the bolster, which 

receives the centre-plate C (see Fig. 3602) of the car-body. A pin keyed under the truck-bolster, 
Snd passing through both ^e centre-plates, prevents the truck from separating from the car-body, 
in case of jumping the track; the che<^- or safety-chains (s s, Fig. 8601) serve for the same purpose. 


Digitized by ^ooQle 













648 


RAILROAD CARS. 



are imparted to the trucks through their centres, and which on that account do not define what posi* 
tioQ the truck under their influence may take. Practice having shown that it is advantageous to 
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neutralize thefie lateral forces, the swinging arrangement, as described, has been adopted. This gives 
freedom to the bolster, which through its centre-plate is fastened to the car-body, to move laterally, 
changing only the position of the hangers on which it is suspended, but not affecting the remaining 
part of the truck. Besides the centre-plates, there are still two other points of contact between the 
truck and the car-body, and these are so-called side bearings, d d, which are wooden or iron blocks 
attached to the truck-bolster. In contact with these are two other similar blocks attached to the 
upper or car-body bolster. They prevent any rocking of the car-body, but the chief and important 
object is safety. In case of breakage of one of the four wheels, the truck has a tendency to drop at 
one comer, while the diagonally opposite comer rises. The side bearings, however, keep l^th 
sides of the truck at equal heights, so that the truck can travel on three wheels. Another and not 
less important advantage of tmcks is their neutralizing effect on all shocks 
impart^ to wheels by running over rail-joints and inequalities of the track. 
Iron bands attached to the w^en beams that are seen in the plan, fastened 
between B and C, prevent a broken axle from falling down. The manner of 
attaching a brake to the truck will be readily understood from the illustra¬ 
tions. The brake-blocks are bolted to wooden beams which are suspended 
from the truck-frames B on hangers; two stiff springs fastened to the 
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frame ^ ^ act on the brake-beams, keeping them and the blocks off the 
wheels. The side elevation and the plan show the arrangement of levers 
through which the power is transmitted from the brake-spindles to the blocks. 

Car-aadtM are of wrought iron or steel, and their shape is represented in 
¥1g. 8609. The dimensions are those adopted as standard by the American 
Master Car-Builders’ Association. 

Car^Aide Boxes. —In Rgs. 8610 and 8611 are represented the longitudinal 
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section and end view (half in section) of a standard box adopted by the same 
association, which is the tjrpe commonly used in America. The bearing 6, of 
a hard composition, rests on the top of the journal. A little play is left be¬ 
tween the collars to allow of some lateral motion to the axle. A wedge c, as 
it is called, is a cast-iron plate, the object of which is to facilitate removal 
of the bearing without the necessity of raising the whole box. The lubrica¬ 
tion of the journal is effected by placing cotton waste soaked in oil under the journal in the cavity 
of the box; a fresh supply of oil is poured into the box by the front opening, which is provided 
with a hinged door. To prevent the oil from being carried out by the motion of the axle through 
the back opening of the box, a wooden or leathern collar a, which is usually made in segments held 
together by a steel wire, is placed on the axle between two ribs h of the box. The top of the bear¬ 
ing is slightly tapered from the centre toward both ends, the object of which is to admit of a slight 
change from the level position of the box. In order to prevent the wear of the brasses from the 
axle-shoulders, the Pullman Palace Car Company use the axle-box shown in Fig. 8612. A is the 
bearing, and B the wedge, which is provided at its front end with a vertical rib to which is riveted 
a brass plate C7, in contact with which is the axle-collar F. The brass plate C prevents the wear ot 
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the bearings from the lateral pressure. The wedge B is prerented from sliding out by a rib a cast 
on the box. / is a circular hole through which the beariug can be inspected. 

A large number of axle-boxes have been patented, the benefits claimed by most of which ore 
economy of lubricant and prevention of overheating. The axle-box, however, is still open to great 
improvements in the first particular. As regards heating, experiment has shown that the tendency 
to this is lessened by large journals, which reduce the pressure per square inch on the bearing. 
Efforts have also been made without much success to change the sliding friction of the journals 
into rolling friction by inserting cylindrical rollers around the journal, between the latter and the 
inside cylindrical surface of the box. 

Car- WkuU .—American car-wheels are almost always made of chilled cast iron. Car-wheels are 
subjected to great strain and rough usage, and therefore require not only hardness of the tread (the 
cylindrical portion of their surface), but also great strength, and the metal of which they are cast 
must possess the quality of becoming hard when chilled, and yet be soft and tough if not chilled. 
The chilled portion—which is at the tread and flange—is usually five-eighths of an inch deep, but 
this can be increased if desired. The chilled portion of the metal—^which is easily distinguish^ in 


8613 . 




a fracture by its bright steel-like color—should disappear 
gradually, so as to be thoroughly intermixed with the soft 
portion, as otherwise it could be easily broken off. Chilled 
cast-iron wheels are commonly cast in the shapes shown 
in Figs. 8613 and 3614, the first being called a double¬ 
plate wheel (in distinction from one which has a single 
plate between the rim and the hub, as used for light 
cars), and the second the spoke-wheel. Chilled-iron 
wheels are considered more economical in use than any 
other, though there is a lack 
8616. of accurate data on the sub¬ 

ject. It is safe to state that 
a 33-inch chilled wheel will 
run, on the average, 60,000 
miles before it is worn out; 
and wheels of this kind are 
known to have run over 200,- 
000 miles, and some are still 
running even after having per¬ 
formed that amount of ser¬ 
vice. There is every proba¬ 
bility that the manufacture 
of these wheels can and will 
be greatly improved. See in 
this connection a description 
of the manufacture, etc., of 
chilled wheels, in the Rml~ 
road OazetJUy 1877, pages 505, 
616, 629, 539, under Sie title 
“ Salisbury Iron.” 

To reduce the wear of the 
tread of car-wheels, elastic 
substances are sometimes 
placed between the rim and the hub. Paper wheels have 
been successfully introduced in America, the construction 
of which is represented in Fig. 3616. Between the cast- 
iron hub and steel tire there is a mass of compressed pa¬ 
per inclosed between two sheet-iron disks. As seen in 
the engraving, this paper centre is, by means of flanges 
and bolts, securely connected to the tire and the hub. 
The bolt-holes in the tire are oval, and a play is left be¬ 
tween the circumference of the disks and the tire in order 



to admit of a momentary compression and expansion of the paper. The paper is made of straw-boards 
about an eighth of an inch thick, which are pasted with rye-flour paste into sections about half an 
inch thick, when they are subjected for seve^ hours to a pressure of about 400 tons, and subse¬ 
quently dried in hot air; these sections are then pasted together in the same manner to give the 
required thickness of about 3^ inches. An old paper wheel was shown at the Centennial Exhibition 
in 1876, which had run under a Pullman car 312,900 miles without requiring its tire to be turned. 
The Atwood mastic wheel, represented in Fig. 8616, consists of a steel tire and cast-iron centre, be¬ 
tween which a space, of the shape shown in black, is filled with hemp packing. The packing is 
forced, by means of a calking tool and a mallet, through an opening continuing around the wh^l, 
which is afterward closed by a ring expanded in a dovetailed groove turned on the wheel-centre. 

Car-Spnngs play a very important part in neutralizing the shocks to which the vehicles are sub¬ 
jected. Figs. 3617 to 3620 represent some of the newest and most approved forms made by the 
National Car-Spring Company of New York City. In these the object has been to meet an increase 
of load with a proportionate increase of power in the spring, so that an exact adjustment between 
the two is maintained. Fig. 3617 represents a spiral spring surrounding two rubber cylinders. Fig. 
3618 shows the spring as compressed under light weight and under heavy weight, when the nibb» 
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sustains the load. In Fig. 8619 the same principle is carried out by the use of two coiled springs in 
place of the rubber. The disposition of these is shown in the section. In Fig. 3620 both of the above 
systems are combined, the rubber cylinder being solid. Forms of elliptic springs, which also are 
largely used under railroad cars, are shown in &e illustrations of car-trucks. A great number of 
springs have been patented for use under cars, many of which will be found illustrated in Knight’s 
“ Mechanical Dictionary.” 

Sleeping Cars.—^ flgs. 8621, 8622, and 3628 represent respectively a longitudinal section, show- 
ing the interior plan and cross-section of a Pullman sleeping car, as constructed in this country 
for the Midland Railway of England. The car is divided by a central passage (as on ordinary 
American passenger cars), and on each side of the aisle are sections, each of which has two 
double seats, without reversible backs. The seats and their backs, or rather the upholstery with its 
frames, are removable, and can be arranged for a bed by placing the backs on the same level widi 
the seats. The two opposite seats of each section form a lower berth. The arrangement of the 
upper berth will be understood best by examining the cross-section, from which it will be seen that 
the bottom of the upper berth is form^ of a door, hinged to the side of the car at the bottom. By 
day this is secured in a diagonal position, as shown on the right of Fig. 8623, and at night it is 
dropped down horizontally, being held thus by two hangers. Two adjoining sections are separated by 
movable partitions, and a curtain conceals them from the passage; the bedding is kept in the closets 
formed by the bottoms of the upper berths by day, and also in boxes under the seats; for the linen 
are provided separate closets as shown in the plan. Each car is usually provided with one or two 
private state-rooms, and with dressing-rooms fitted with toilet appliances. The hotel car, which usu¬ 
ally accompanies a train of Pullman cars on long journeys, is the ordinary sleeping car provided 
with a kitchen at one end, which is separated from the remaining part of the car. 

Passenger cars for elevated roads in the cities usually have their seats arranged lengthwise, for 
economy of space and to give a wide passage for rapid exit from the car. 

Baggage, Express, and Mail Cars. —Short local trains have no separate car in which to carry 
passengers’ baggage, but have one end of a passenger car, usually of the smoking car, partitioned off 
for that purpose. Trains which traverse a long distance require separate cars for the baggage, ex¬ 
press matter, and the mail. These are constructed similarly to the passenger car, excepting that the 
car-bodies have either no windows or but a few small ones. Large sliding doors provided in the 
centres of both sides of the car serve for loading. 

Freight Oars. —^Freight cars are divided into several kinds, according to the nature of the freight 
transported, and are known as box cars, stock cars, gondola cars, and coal cars. Excepting the 
cars, the differences between other freight cars are only in the construction of the car-body, which is 
either covered with wooden boards, so as to exclude light or air from the inside, or is provided only 



with a skeleton framing, as in the case of stock cars. The construction of the body of a box car is 
made plain by Figs. 3624 to 8627. There are no windows, and the framing is covered with wooden 
boards on the outside, and also to half the height on the inside. The roof is shaped with strai^t 
lines, and has on its top, in the centre, a horizontal portion running along its whole length, which 
serves as passage for the brakemen. The brake-spindle is carried above the roof, where it ends 
in a hand-wheel. The admission into the box is gained from the sides, through the doors, sliding 
on the outside of the car; they are usually supported by one or two horizontal iron bars. Grain 
cars are provided also with inside doors, only of half the height of the box, which are hinged on 
a vertical rod; to open them, they are first raised upward and then swung open inside of the 
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box, in which position they are fastened. In the longitudinal section, Fig. 8626, these doors are 
shown opened. 

The freigktrcar frame is constructed similar to that of a passenger car, and will be understood 
from the same illustrations. Iron frames have been used to a limited extent. These have the dis¬ 
advantages of difficulty of repair, and of sustaining greater injuries than wooden frames in cases of 
collision. The frame-bolsters are made of wood or iron. When of the latter material, they consist 
of two flat bars, welded together at their ends and separated at the centre by castings. The centre- 
plate is bolted to them. Freight cars have no outside platform, and are coupled by the ordinary 
draw-bars. Many devices have been tried to make efficient and cheap self-couplers for freight cars, 
but none have come into general use. The draw-bar of the car illustrated differs from the ordinary 
device by the addition of a supplementary spring which diminishes shocks. A continuous draw-bar 
is sometimes used, consisting of the two draw-bars of a car connected by an iron rod, thus relieving 
the frame of the front car in a train from the enormous strain caused by the resistwee of the fol¬ 
lowing cars. 

Ft^ht-car trucke are usually made now of iron, and are always four-wheeled and of a simpler 



going, excepting that instead of the box it has low removable side boards and no roof. If it bos 
no side boa^s, it is called a platfarm car. 
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Figs. 8632 and 3633 are a side elevation and end view (half in section) of a standard four-wheeled 
coal car of the New York Central and Hudson River Railroad. The axle-guards, or jaws, are 
bolted to the outside longitudinal sills of the frame ; the jaws are supported on rubber springs, which 
are placed on the top of the axle-boxes. The floor has only a portion of its surface horizontal, toward 
which the outside portions incline; this horizontal por¬ 
tion constitutes the dump-door through which coal is dis¬ 
charged from the car. By this arrangement the dis¬ 
charge is almost instantaneous. The dump is suspended 
in a horizontal position by chains which are wound on 
an iron shaft, the latter being held fast by means of a 


8B34. 


ratchet-wheel and detent on the side of the car. Other 
details are easily understood from the illustrations. 

The transportation of oil, which constitutes an impor¬ 
tant branch of the freight traffic in America, is accom¬ 
plished either by the oil being transported in barrels in 
the open box or platform car, or in special oil-tank cars. 

The tank, a transverse section of which is shown in Fig. 

3634, is of sheet iron, cylindrical in its shape, provided with a dome and Snyder Brothers* patented 
discharge-valve and man-hole fixtures. The valve-seat has a safety-cap screwed on the outside, which 
saves oil when the valve is not tightly closed. The valve is conical, and is attached to the end of a 
spindle whose point presses the vaive down on its seat. The spindle is provided with a screw-thread, 

which turns in a nut that is fast¬ 
ened to the valve-seat; it ends at 
the top with a bead which projects 
above the opening of the man-hole, 
and can be turned with a common 
wrench. The man-hole cover is 
hinged, can be screwed air4ight, 
and is provided with a padlock. 
The object of the dome is to fur¬ 
nish space for the expansion of oil. 

Refrigerator care are used for 
the transportation of fruits, meats, 
and other perishable articles, over 
long distances, and in all seasons 
of the year. Fig. 3636 represents 
the Tiffany summer and winter car. 
The body of the car is protected 
from the action of the sun’s rays 
by a jacket composed of wooden 
boards, which incloses an air-space 
surrounding the car on its sides and 
the roof. This air-space is pro¬ 
vided at both ends of the car with 
openings through which the outside 
air rapidly enters and exits before 
it becomes heated by the sun in 
summer; the openings being closed in winter, the air-space becomes a very efficient protector of the 
car-chamber from the influence of low temperature. The car-body (bottom, sides, ends, and roof) 
consists of three or more series of closed air-spaces, which arc separated by partitions composed of 
thin ceiling boards and felt paper. Directly under the roof is plao^ the ice in summer, whidi, cool- 
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ing the air at the top, causes it to descend on the merchandise. Fresh air is admitted to the car by 
a regulated opening C, at the end of the car, and passes at first through tubes under the ice, where 

it is reduced to a proper temperature. The 
foul air of the chamber is forced up by the 
descent of the cold air and escapes into the 
air-passage of the outside jacket, through 
short pipes which establish the communica¬ 
tion. 

Freight trains are usually accompanied by 
a caboose car^ also called conductor’s car, 
which, as the latter name indicates, is for 
the convenience of the conductor. It is gen¬ 
erally a short, four-wheeled car, with one 
platform at the end; it is provided with clear¬ 
stories, through the windows of which a view 
of the whole train can be had. 

A hand-car is a small hand-propelling car, 
used by the trackmen. That represent in 
Fig. 8636 is provided with a countershaft car¬ 
rying a pinion, which acts on a smaller pin¬ 
ion fixed on one axle. The revolving motion of the countershaft is produced by means of cranks 
and balanoe-levers. 

The following table gives the principal dimensions and weights of American cars: 



Table showing Weighty D^imensionsy ete.y of American Cars, 
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OF 
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2 
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5 
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A 

:* 
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5 

1 

Q 

I 

t 

St 
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or BOAD OB 
MAKKB, 

1 

FLIb. 

Ft. iB. 

Ft. 

Ib. 

Ft. In. 

Ft In. 

Ft. In. 

FI. In. 


In. 

Ft. In. 

Lb#. 





0 

M 6 

10 

6 

9 

8 

62 2 

14 0 

42 9 

4 

88 

6 0 

87,400 

68 pass. 

N.Y.,L. Erie, and W. R.R. 

Passen- 


0 

46 6 

9 

4 

10 

44 53 0 

18 1»'4 88 0 

4 

88 

6 6 

89,800 

54 “ 

Pennsylvania R.R. 

g«r.... 


0 

35-40' 

8 

0 

8 

6 

40-W' 

11 24 


4 

24 

5 0 

18,000 

40-45 p. 

Barney «k 8mith Mf^f. Co. 

1 

U 

085 0 

6 

2 

8 

1 

41 0 

9 4 

27 6 

4 

19 

4 0 

9,000 28 pass. 

Billorfca and Bedfd R.R. 



0 46 0 

10 

9 

9 

8 

54 0 

11 34 84 9 

4 

88 

6 0 

84,750 10 tons. 

N.Y.,L. Eric, and W. R.R. 



9 40 0 

9 

H 

8 

1 

46 6 

11 64 29 2 

4 

88 
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Penn.sylvanla R.R. 


Is 
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8 

0 

8 
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4 

24 
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i 

6 
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9 

0 

7 

0 
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4 

83 
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Box.... 

4 
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8 

2 

8 

1 
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4 

83 

1 ^ 10 
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1 **'*r 
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T 

0 

6 

6 
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4 

24 
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Barney A 8niith Mfjr. Co. 


2 

0 22 0 

6 

2 

6 

7 

26 0 

8 2 

17 4 

; 4 

, 18 

! 4 0 

5.(>oO 


Billerica and Bedfd R.R. 

I 

,6 
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9 

6 

7 

1 

82 0 
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IS 7 

1 4 

1 38 
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19.000 1 6 h'ds. 
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1 
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4 

88 
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0 
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2 
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4 

24 
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8 
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6 
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4 
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88 
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2 
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8 

8 

8 

13 6 
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4 

1 80 

6*'6‘ 
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■ 4 

9 11 0 

' 6 


4 

0 

1 

7 7 

1 . 

4 

1 88 

, 5 0 

7,900 

5 “ 

Pennsylvania R.R. 


European Cars. 

European passenger cars are divided into three or four classes, the difference between which con¬ 
sists principally in the interior fittings. The fourth class, the lowest, found only on some Pnissian 
and Russian roads, is either a roofless car, resembling a coal car, provided with lynches, or a closed 
car, resembling an American box car, without benches or seats. Nothing less comfortable could well 
be contrived. 

Each passenger car is usually divided into three, four, or five compartments, separated by partitions, 
either wholly or to half the height of the car, admitting of no communication between the compart¬ 
ments except from the outside, where running- or foot-boards are carried the whole length of the car, 
used almost exclusively by conductors, who, at the peril of their lives, walk from car to car collecting 
tickets. On each side of the car a door affords access to each compartment. These cars, having no 
end doors, have no outside platforms. A few roads, principally in Switzerland, Wiirtemberg, and 
Bararia, have adopted a design which permits an intercommunication between cars, in the same 
manner as on American trains. There are some few combinations of the American and European 
types. The heating, on account of the shortness of cars and their division into compartments, has 
presented some difficulties, and new methods have been created by which it can be accomplished. In 
France, chaufferettes filled with hot water are employed. These are elliptical cylinders a^ut 8 ft. in 
length, containing about 10 quarts of water, and are filled at certain stations, where speeial boilers 
are erected. The Eastern Railroad of France exhibited in Paris, in 1878, a third-class passenger car 
(see ^g. 8689X provided with a heating apparatus called thermosyphonCy which consists of a cast-iron 
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boiler with inside furnaces, from which water heated to the boiling temperature forces itself through 
pipes into chaufferettes, which are placed in the centre of the floor in each compartment After 
being cooled, the water returns back to the boiler through another series of pipes. 

Figs. 3637 and 3688 represent the side elevation and plan of a first-class passenger car of the 
Eastern Railroad of France, exhibited in 1878 at the Paris Exhibition. It contains three compart¬ 
ments, in the centre one 
of which are placed so¬ 
fas which can be con¬ 
verted into easj-chairs 
or beds, the three posi¬ 
tions being shown in the 
plan. 

Fig. 3639 represents 
the side eIevation(balf in 
section) of a thiifl-class 
passenger car, which is 
divided into five com¬ 
partments. It has a spe¬ 
cial apparatus for heat¬ 
ing already described. 
On the Western Rail¬ 
road of France are two- 

story passenger cars, used only in summer. Admission is gained to the upper story by stairs placed 
at each end of the car. It is open at both sides, but covered at the top and ends; the seats are 
ranged laterally. This style of passenger cars originated on the Indian roads. 

Sleeping cars are of many various designs, the differences being, however, only in the disposition 
of beds. Figs. 3640 and 3641 represent the longitudinal section and plan of a sleeping car on 

the Austrian state rail- 



wavs. The beds are 



not superposed and are 
placed longitudinally. 
At A are two compart¬ 
ments separated by 
doors, each for two 
beds; and at B are three 
compartments, each with 
one bed; C is the pas¬ 
sage; J)f seat for the 
servant; JS* blanket-clos¬ 
et ; and jF\ water-cloiet. 
Each compartment is 
provided with a separate 


washstand. The heating is accomplished by two hot-air furnaces, 6, d, attached under the car as 


shown. 


The body of European cars is an entirely separate part from the frame, with which it is connected 
by means of angle-iron and bolts. Iron is almost the exclusive material of which car-frames are 
made. An iron frame usually consists of: 1, two outside longitudinal sills of the X or C shape, to 



which are attached the axle-guards; 2, two end lateral pieces, of the C shape, which unite the lon¬ 
gitudinal sills, and carry the buffers and the coupling apparatus; 8, two or more cross-braces of the 
I or C shape, which unite and stiffen the longitudinal sills at the intermediate points; 4, four 
diagonal braces of the X, Ei or L shape, which are solidly joined with the end and ^e intermediate 
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cross-braces, and are u^all j placed on the top of the cross-braces and support the floor of the car- 
body. The coupling apparatus consists of a draw-bar, which is usually continuous and attached to 
the cross-braces of Uie frame through the intervention of spiral or elliptic springs. The draw-bars 
are coupled in various ways; usually they end with hooks, and have oblong rings attached to them, 
which hook on the draw-bar of the following car. These hooks ore of complicated arrangement, and 



are provided with screws by means of which they can be shortened. Two safety-chains complete the 
coupling apparatus. At the extremities of each car are two buffers, which consist of cast-iron cas¬ 
ings holding spiral or rubber springs, against which the outside heads of the buffers press. 

The runi^g gear consists of two or three axles with outside journals. The jaws of the axle-boxes 
are of sheet or wrought iron, and are riveted to the outside longitudinal sills of the frame. The 
axle-boxes cany elliptic springs which support the frame. The frame is suspended on springs by 


8641. 



means of short knuckle-jointed links. The springs, especially those of the first-class passenger cars, 
are of great length. Car-axle boxes are usually made in two parts, upper and lower, which are bolted 
together. The bearings are of composition, and are separate as in American boxes. Boxes for 
liquid lubricants are arranged either to apply the oil from the top or from the bottom, or from the 
top and bottom. Axles are either of wrought iron or steel, and are shaped similarly to the American 
axles. The VerMbarwngm (Art. 169) gives the following dimensions for wrougbt-iron axles of a 
very good quality: 


LOAD OX RAILS. 

Maxlnram Dfaunttw 
»t tb« Hab. 

DUoMter of 
Joonud. 

Ratio of tb« Ltogth 
of Uie Journal to 
lU DiamoUr. 

Lba. 

IndiM. 

InchM. 


8,250 

$.977 

2.244 

1.76 

11.000 

4.4'8 

2.992 

to 

14.800 

6.000 

8.223 

2.26 


The size of the axle-journals has a great influence on the economy of lubricating matter. Accord¬ 
ing to the statement of Heusinger von Waldegg, those German railroad companies which adopted the 
largest journals on their axles have used in proportion the smallest amount of lubricants. Hollow 
axles have been tried in England, and also on the Continent, but have not been adopted. 

European car-wheels are either provided with separate tires, or are of one piece; they are of 
wrought iron, steel, or cast iron with chilled tread. 

fig. 3642 represents a Krupp wrought-iron spoke-wheel, with a steel tire which is secured to the 
rim by bolts, as shown. A wrought-iron disk-wheel has a steel tire which is secured to the rim by 
means of two retaining rings bolted together, as shown in section in Fig. 8643. The novelty of this 
wheel is in the peculiar manner in which it is manufactured, as follows: A band of wrought iron of 
the width of the hub at one end is coiled up to form the hub, as shown in Fig. 3644; the band then 
becomes narrower, and when coiled around the hub forms the disk, and ends finally with a proper 
width to give the rim. The coil is then welded together and press^ to finished shape. Wooden 
disks for wheel-centres, fastened to the tire and the hub by means of rings and bolts, are also em¬ 
ployed, and are said to be specially advantageous in cold climates, their flexibility averting the bad 
effects of a frozen ballast. 

102 
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The rigid parallelism of the axles of European cars, preventing their free motion on curves, has 
been successfully overcome by a new system of running gear, invented by Mr. James Cleminson, 
which has been applied on some English railroads*. It causes the axles to take automatically 
radial positions on curves, whatever their radius be. The diagram, Fig. 8645, represents this sys¬ 
tem, which consists of three separate two-wheeled trucks,* the frames of which, *4, and C, carry 
the axles, with their axle-boxes, guards, and spring. The car-body is supported by these trucks in 
such manner that the end trucks A and C can swivel freely around the central pivots HH'; while 
the middle truck B is at liberty to slide transversely to the car-body frame (shown in dotted lines) 
through a range equal to the versed sine of an arc the chord of wMch equals the total wheel-base. 


8643. 8645. 



The truck-frames are connected to each other by articulated radiating gear I and K. The action of 
this arrangement is as follows: When the car enters a curve, the centre truck B moves transversely, 
and causes the extreme trucks A and C to swivel around their centres, so that their axles assume 
positions radial to the curve. 

European freight cars are constructed on the same system as the passenger cars, the difference 
being in the somewhat greater simplicity and rougher finish of details. They are divided into differ¬ 
ent types, according to the nature of the freight which they are to carry. General merchandise is 
carried either in closed freight cars, as represented in Rg. 3646, or in open cars, Fig. 8647. Fig. 8648 
represents a coal car which discharges its load through side doors. A great proportion of the 
freight on European roads is transported in open cars, a water-proof sheet being used to protect 
the freight against the rain. 

Iron is very generally used in the construction of freight-car frames on the continent of Europe. 
English builders have been rather slow in adopting it. It has the advantage of increasing not only 
the durability but also the carrying capacity of these cars. On the Emperor Ferdinand Railroad in 
Austria a combination of wood and iron is used, as stated, to great advantage. The iron oonstnio- 
tion, together with the decrease of weight of the oar caused by the fact that no trucks arc need, 
makes a European freight car much lighter in proportion than the American car. 


Digitized by i^ooQle 

























































































































RAILROAD CARS. 


659 


Table eliovnng Wdglit^ Dimerisions^ ele.y of European Cars, 







c. 







C.VPA- 





BOUT. 


0 







CiTY. 







o 


*s 


i 


B 


1 

Ikixd of c.vr. 

• 

,5 

i 

c 

3 

c 

H 




bi 

6 

1 

t 3 

NAVE OF BOAD AND EKMABKS. 



S 

O 

1 

O 

c 

3 

i 


5 

8 

'o 

3 

1 

1 

1 


tfi 

5 

? 

2 

U) 

a 

.2 


1 

O 

o 

z 

J 

D 

1 

jt 






Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 


In. 

Ft. In. 

I.b«. 


1 


rist class.. 

24 

B 5f 


29 

91 

10 9f 

4 

81>f 

15 (f 

19.800 

16 p. 

Austrian State R.K. 1 

1 B 

Ist class.. 

25 7i 

9 3 

7 6f 

27 lOf 

11 ff 

4 


14 9f 25,800 

19 p. 

, j french Eastern R.R. (1 sleeping 
|} coin pariinent, see Fig. 863.^). i 

i 9 ' 

2d class.. 

28 4 

8 5f 


2S 

1 

10 lOf 

4 

1 aof 

14 Gf 21.010 

32 p. 

Austrian Htate R.R. (with brake). 


8d class.. 

23 4 

8 H 


26 

Ilf 10 10 

4 

3yf 

14 ef 

18.260 

50 p. 

i Austrian State R.R. | 


8d class.. 

24 Of 

9 2f 

6 * -if 

26 

8 

10 fef 

. 4 

41 

14 9f 

20,6>0 

; wp. 

1 Ercb Eastern R.R. (see Fig". 8639).| 

Bacirage. 

22 If 

8 7i 

29 

Cf 10 6f 

4 

89f 

14 6i 19,250 

!4.4t. 

' j Austrian State R.R. (with end ' 
1 outsiiie itlatfiirins). 


Box. 

21 4f 

9 Of 


25 

nil 2f 

4 

m 

12 Of 

18,508 

11 t. 

Au.strian State R.R. (see Fiif.864f). 

1 s 

Open .... 

!28 7f 

1 8 2i 


27 

8f 


4 

89t 

12 (f 

11.440 

12.4 t 

“ “ (see Flp. 8647). 

I 1 

t^tock.... 


i 9 0 


26 111 

9 ii 

4 

801 12 Of 

12,540 

,11 t. 

“ *• “ (without rooP. 

Li 

Coal. 

15 2 

i 8 Ilf 


19 


8 Of 

4 

39f 

8 3f 

10,200 

|P^4t., 

“ “ “ (sec Fig. 8648). 


Works for Reference, —“ Vois, Mat^riels Roulants,” etc., vol. ii., part i., Couche, Paris, 1870 (trans¬ 
lated); “Handbuch fiir specielle Eisenbahn - Technik,*' vol. ii., Heusinger von Waldegg, Leipsic, 
1876; ** Car-Builders’ Dictionary, prepared by a Committee of the Master Car-Builders’ Association,” 
New York, 1879; “The Pennsylvania Railroad,” etc., Dredge, London, 1879; “On Car-Axle Boxes 
and Lubricants in Europe,” Railroad Gazette^ x., 889, 399, 400, 669; “Technische Vereinbarungen 
des Vereins Deutscher Eisenbahn-Vcrwaltungen,” etc., Wiesbaden, 1871 (Railroad OazeUe^ v., 869, 
** Coaches and Cars ”); “ Die Schmiervorrichtungen und Schmiermittel des ^enbahnwagen,” Heusin- 
ger von Waldegg, Wiesbaden, 1866. See also fi^les of the Nalioftcd Car-Buildery New York. 

Street Cabs. —The cars which arc used on horse railroads in cities differ materially from all other 



forms of railroad vehicles. By far the larger proportion of all the street cars used in the world are 
of American design and construction. The present tendency is to build the cars light, thus econo¬ 
mizing material and reducing the dead load to be hauled. Two examples of American street cars 
are given in Figs. 8649 and 3660, both of which are from the designs of the John Stephenson Com¬ 
pany of New York, Mr. Stephenson having devoted many years to the perfecting of street-car con¬ 
struction. The class of car represented in Fig. 8660, though much used in Europe, is but little 
employed in this country. Street cars are made to be drawn by either two horses or one. One- 
horse cars are said to be more economical in use and to 


cause a saving in time of about 16 per cent, over two-horse 
cars. To enable street cars to pass the sharp curves com¬ 
mon on city railroads, the wheel-centres are brought closely 
together, so as to leave considerable overhanging weight, 
wUch, owing to the slow speed at which the cars travel, 
does not materially affect their stability. One or two plat¬ 
forms are provided, from either of which the brakes may 
be worked. The axles are rigid, and have their journals 
outside the wheels. The upper portions of the wheels pass 
through the floor of the car and are encased. Spiral or 
rubber springs are placed above the axle-boxes, and on 
these the pedestals rest 

Fig. 3661 represents an improved form of car-spring, 
man^actured by the National Car-Spring Company of New 
York, for street-car use. The principle is the same as 
already described in referring to the springs constructed 


8661. 



for steam-railroad cars. The load first comes upon the out¬ 
er spiral, and as it increases the resistance of the whole spring is augmented by that of the inner 


spiral, so that an exact adjustment is maintained. 

The following are some dimensions, weights, and capacity of street cars as manufactured by the 


Digitized by ^ooQle 























660 


RAILROAD SIGNALS. 


John Stephenson Company: The lightest pattern car, with one or two platforms, with 10 seats (car- 
body 8 ft. long by 6 ft. wide), weighs from 2,000 to 2,600 lbs. Their capacity increases up to 22 
seats—cars without top seats—and the dimensions up to 16 ft. of length and 6 to 7 ft. 6 In. of 
width, the weights varying, according to the pattern, from 3,300 up to 4,900 lbs. Gars with top 
seats—manufactured expressly for the European trade—can seat 22 passengers inside and 24 out¬ 
side ; their weights vary between 4,600 and 6,160 lbs. There are also summer or excursion cars, 
having open sides and only a light roof. Their capacity varies from 20 to 60 seats, and weight 
from 2,000 to 6,000. T. F. K. 

RAILROAD SIGNALS. See Signals. 

RAILROADS, MOUNTAIN. Railroads for the ascent of high mountains are specially constructed 
to enable the motor to obtain greater adhesion or a more positive hold upon the rails. The prindptl 
forms are centre-rail and rack-rail roads. 

The centre-rail road has a third rail in the centre of the track, which is suitably grasped. The 
Mont Cenis road, which crosses the Alps between St. Michel and Susa, a distance of 484 miles, is 
thus constructed. It was built by Mr. Fell, and opened for traffic in 1867. The engines and car¬ 
riages have each, in addition to the usual vertical wheels, four horizontal wheels, the fl^ges of which 
overlap and press upon the centre rail. Brakes are arranged to act upon all the wheels. This mode 
of construction was devised by Mr. George £. Seilers of Cincinnati in 1862, and first used by the Goal 
River Improvement Company in overcoming a grade of 160 feet to the mile in crossing the eastern 
barrier of the Shamokin coal basin. (See Skentific American^ xvi., 63.) It has proved notably 
successful on Mont Cenis, although the grades are exceedingly steep, attaining in some cases a pro¬ 
portion of 1 to 12. An accoimt of the trial trip on this ro^ will be found in the Scientijie Amer¬ 
ican^ xvii., 234. 

Rack-rail roads are in existence on Mount Washington, N. E., and on the Righi, Switzerland. The 
Mount Washington railway Is 2}} miles in length, and ascends a grade of 3,600 feet. The heaviest 



grade is 13 inches to the yard, and the lightest 1 inch to the foot. The locomotive pushes the car 
before it up the incline, as shown in Fig. 3662, and both run upon three nuls, the centre one being a 
cog- or rack-rail into which gears a cog-wheel on the locomotive. 

The Righi line starts from Vitznau and rises up the mountain side to a station at StafTelbohe. 
The length of the line is 3^ miles, and the height of the upper terminus above the lower is 3,937 
feet, being an avera^ ascending gi^ent of atout 1 in 4|. After leaving Vitznau, the grad« vaiy 
from 1 in 6.66 to 1 in 4. This line was opened in 1873. (See SdetUific American, xxix., 194.) 

In the WetU system of mountain ndlroad, instead of rack-rail and pinion, the locomotive is pro¬ 
vided with a drum having a helicoidal thread, which engages with V-shaped mid-rails. This railroad 
was constructed over a distance of 9.6 miles between Wodensweil and Einsiedlen, Switzerland. The 
difference in altitude between termini is 1,613 feet. The system proved a failure in practice. (See 
Scientific American, xxxvi., 114.) 

For rack-rail locomotive, see Locomotives, Classification and Forms of. 

RAILROADS, PNEUMATIC OR ATMOSPHERIC. A distinction is sometimes drawn between 
so-called atmospheric and pneumatic railroads: the former being defined as consisting of a tube in 
which moves a piston to which the vehicles to be drawn are suitably connected, the said piston being 
impelled either by compressed air or by normal atmospheric pressure acting against a vacuum; and 
the pneumatic railway differing in that the vehicles themselves travel in the tube, which is ma Je 
large enough for the purpose, and are impelled by the direct action of the blast. An example of 
one form of atmospheric railroad is given in Fig. 3653. It will be noted that the projection above 
the piston to which the vehicles are attached passes through a longitudinal slot in the pipe, which 
slot is opened and closed by suitable valves. In the construction of these valves, so that they shall 
be perfectly air-tight, and at the same time that they may freely open in front and in rear of the pro¬ 
jection as it moves in the slot, lies the principal difficulty to be overcome in building roads of this 
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kind. A very full detailed account of about eyerything that has been done in this direction will be 
found in Enginetringy xviii., 293 et teq. 

The pneumatic road^ is employed only for the transmission of small packages. Extensiye lines 
have been laid down in both London and Paris. (See Pneumatic Despatch.) An attempt was 
made to construct a pneumatic road 
in New York City large enough to 
contain passenger cars, and a small 
vehicle was impelled by an air-blast 
from an immense blower over a dis¬ 
tance of a few hundred feet The 
scheme, however, was found to be 
very uneconomical, owing to the 
large loss of power due to friction 
of the air in the pipes, and the difficulties of preventing leakage, and it was abandoned. An account 
of the machinery, etc., constructed will be found in the SeUntiJic American^ xxii., 154. 

In 1864 Mr. F. A. RiEunmell of London constructed a tunnel 10 ft. high by 6 ft wide and 600 yards 
long on the grounds of the Crystal Palace at Sydenham. A carriage holding SO passengers was 
caused to traverse the tunnel by an air-pressure of two or three ounces to the square inch, the 
blast being given by a fan worked by a steam-engine. The same engineer also constructed a 
line between Euston Square and the Post-Office in St Martins-le-Grand, London, a distance of about 
2^ miles. The tubes are 4 ft. 6 in. high, with an area of 17 sq. ft., and are of horseshoe-shaped 
section. The carriages weigh 22 cwt., and are 10 ft. 4 in. in length. About a ton of mail matter 
can be transported per minute. 

RAILROADS, PORTABLE, are used by contractors in the construction of railroads, in mines, 
and also on sugar plantations, especially in Cuba. The so-called contractor’s track ” is the inven¬ 
tion of M. Peteler, and consists of sections, each about 25 ft in length, made of two parallel tim¬ 
bers (usually 5 X 3 in.) held firmly by iron cross-tie rods. Half-oval iron rails, about 1| in. in width, 
are riveted on top of the timbers. The connection between the ends is effected by simple cast-iron 
locks. A gauge of 20 in. is found to be the most convenient for grading. Curves, turnouts, and 
switches are also made in separate sections. Portable tracks for use on plantations are usually of 
iron, and consist of sections made of two light rails weighing from 12 to 16 lbs. per yard. The rails 
arc of the fiat-footed pattern, are 10 ft. in length, and are connected laterally by four iron T-bars, 
which are riveted to the bottom of the rails. The fiange of the T-bars, being directed downward, 
sinks into the ground, preventing the section from slipping. 

Corbin’s portable railroad has a wooden track, which consists simply of longitudinal pieces joined 
by cross-bars, and made in lengths of a size to be easily transported. It is especially designed for 
moving crops over soft or ploughed ground. The vehicles are small platforms having a pair of 
trucks at one end and a coupling at the other. The inventor states that with 10 trucks and 20 bas¬ 
kets, half of the latter being constantly in use, four workmen can pull and transport to a distance of 
800 ft. 40 tons of beets or like vegetables per day. (See SdeiUiJic Ammcan, xxxi., 130.^ 

Joints of portable railroad sections are the subject of numerous patents. Pesant’s joint, which 
is one of the best, consists of a hook riveted at the bottom of each rail at one end of the sec¬ 
tion. These hooks enter into corresponding slots made in a cross-bar riveted to the end of the 
following section, which bar projects somewhat beyond the ends of the rails. The nooks prevent 
any lateral or vertical displacement of the sections. T. F. E. 

RAILROADS, STREET. The railroads which traverse the streets of cities may be divided into 
three classes: surface roads, or, as they are termed in England, tramways ”; elevated roads; and 
depressed or sunken roads. 

Surface Roads. —The tramway proper consists of two parallel tracks of suitably smooth and hard 
material to receive the wheels, while the space between them, on which the animals drawing the vehi¬ 
cle travel, as well as the road surface on each side, is paved with different material. The wheel- 
tracks are usually of stone, occasionally of wood or iron. Stone tramways are in general use in 
southern Europe, especially in Turin, Verona, Milan, and other Italian cities. The stone track is 
granite, the slabs measuri^ about 2 ft in width, 8 in. in thickness, and from 4 to 6 ft. in length. 
They are laid with close joints, and with 4 ft. 4 in. between centre-lines. Well-packed gravel foun¬ 
dations are employed. The first cost of the roads in Italy was about |8,600 per mile. They 
have been found most suitable for wide streets, and over short suburban lines wi^ a large traffic. 
They last well and cost little for repairs. A horse can draw on a good stone tramway a load 11 
times as great as he can move with the same effort and at the same speed on an ordinary gravel 
road, the force of draught being only rf? of the load in the first instance, while in the second it is 
iV- Even upon a very dry and smooth broken-stone road—i. e., a macadamized road in its best 
condition—the tractive power required is 3| to 4 times as great as upon a good stone tramway. 

The street railway, as universally constructed, consists of rolled iron rails laid upon longitudinal 
timbers or stringers resting upon timber cross-ties. The stringers secure a uniform bearing for the 
rails, and raise them to the level of the street surface. Ordinary white pine is found to be a suitable 
wood. Stringers are usually sawed, the dimensions being 7 to 8 in. in depth, width equal to that of 
the rail, and length varying from 25 to 40 ft. The cross-ties are of any durable wood, either white 
or yellow pine, chestnut, or white oak, hewn or sawed 6 to 7 in. wide, 5 to 6 in. deep, and of such 
length as to reach about 12 in. beyond the stringers on each side. They are placed from 4 to 6 ft. 
between centres. Where streets are suitably sub-drained, cross-ties are simply laid in trenches 
excavated to receive them, the earth being well packed under and around them. It is generally best, 
however, to provide a foundation of gravel about 6 in. in depth. Considerable difficulty has been 
found in securing stringers to cross-tics. The plan commonly adopted is to spike the stringer directly 
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to the ties with long half-inch square spikes or half-inch round iron bolts; and to prevent spreading 
of the track, cast-iron knees or angle-irons are spiked to the stringer lind to each tie or alternate tie. 

The form of rail used on street railways differs, but it may be generally described as a flat plate 
having a ridge on the top. Fig. 8664 represents the section of rail used on the Third Avenue, Sixth 


8654. 8655. 8666. 



Avenue, Eighth Avenue, Broadway, and other principal railroads in New York. Its weight b 68 Iba 

f )cr yard, or 119.18 net tons per mile. Fig. 3665 is the form of rail used on roads having steam 
ocomotives; this weighs 88 lbs. to the yard. Fig. 8666 represents a grooved rail, such as b used 
only on curves. Elsewhere they are dis^ulvantageou8, as they collect mud, ice, and dust, and tend to 
twist off the wheels of vehicles. 

Rails are spiked to the stringers with half-inch spikes, each about 6 in. in length, and placed at 
intervals of 20 ft. Under the joints flat wrougbt-iron plates are inserted, to prevent bending or 
sinking of the rail ends. The ridge or top of the rail is either on the outer side or centre. For 
heavy traffic, street-car rails weigh from about 66 to 90 lbs. per yard; for light traffic, a weight of 
80 to 36 lbs. has been found suitable. Frogs have either flx^ or movable points. In the first case 
the horses pull the car over in the desired direction; in the second, the point, being pivoted, is 
moved by hand. 

In England a grooved rail is preferred, and the road-bed is frequently made of concrete, cross-ties 
not being used, and stringers being replaced by cast-iron chairs. The gauge is maintained by con¬ 
necting the chairs by iron bars. Mr. James Livesey has constructed a street railroad in Baenos 
Ayres (see Engi)ieering^ xiii., 828, 832) which is composed entirely of iron. The rail is supported 
by cast-iron blocks placed 3 ft. apart, and bolted to wrought-iron corrugated plates 6 in. in width, 
and resting on a stone foundation. 

The best pavement between the rails, and upon which the animals appear to travel with greater 
confidence and less fatigue than upon any other possessing the requisite firmness and durability, is 
one of rather small cobble-stones laid with a very slight inclination from the centre toward the rails. 
The top of the pavement should be at the same height as the top of the adjacent edge of the rail 
Horses should always be shod with flat shoes, rather broad at the heel and without corks. The frog 
should not be cut away, so that a portion of the weight shall come upon it whenever the animal 
treads upon an even surface. Upon street-railway lines, in consequence of the presence at all times 
of more or less dust and stiff mud upon the rails, the tractive force is comparatively large. In the 
average condition of the road, Oen. Q. A. Gillmore states that it may be set down as fully rijf of the 
loaded car (see Roads, Streets, and Pavements,” New York, 1876); so that a car weighing 4,000 
lbs., carrying 28 passengers, each weighing 160 lbs.—^total, 8,200 lbs.—would require the exertion of 
a force of 68J^ lbs. (w?) to move it on a level rail at a low speed. Upon descending grades of 
1 in 68|^, the brakes would not therefore have to be applied. On the Brooklyn (N. Y.) City Railroad 
41 miles of track are operated and 1,960 horses employed. Each horse travels upon an average 16^ 
miles daily. The average rate of speed on New York City railroads is from 6 to 6^ miles per hour, 
including stoppages, ^me valuable statistics givii^ particulars of New York street railways will 
be found in the report of the State Engineer and Surveyor of the State of New York for 1878; 
of Boston railways, in annual reports of the Massachusetts Railway Commissioners. 

Many experimental attempts have been made to replace animal power by motors for the propulaon 
of street cars. Several of these machines will be found described under Locomotives, Forms op. 
Comparison of the relative cost of animal power and that of traction engines is made by Prof. 

R. H. Thurston, in Reports of U. S. Commissioners to the 
Vienna Exposition, 1878, vol. iii., p. 94. For cars used on 
street ndlways, see Railroad Cars. 

Wire^rope propulsion on strefi railways has been success¬ 
fully put in practice in San Francisco by the Clay Street 
Hill Railroad Company. (See Scientific American^ xxxii., 
239.) The system consists in an endless wire rope placed 
in a tube below the surface of the ground, between the 
tracks of a railroad, and kept in position by means of 
sheaves upon and beneath which the rope is kept in con¬ 
stant motion by a stationary engine during the hours the 
cars are running. The power is transmitted from the motor 
to the rope by means of grip-pulleys, and from the rope to 
the cars on the street by means of a gripping attachment 
secured to the car, which passes through a narrow slot in 
the upper side of the tube. The road has a gauge of 8 ft, 
6 in. An ordinary SO-lb. T-rail is used, which is set flush 
with the street. The rope runs at the rate of about four miles per hour, and the ascent of an aver¬ 
age grade of 580 ft. to the mile is made (including stoppages) in about 11 minutes, the distance being 
8,300 ft. The motive power is supplied by a 30-horse-power engine. An ingenious device for at¬ 
taching the cars to the rope, invented by Col. W. H. Paine, C. E., is represented in Fig. 8657. (See 
also Transactions of the American Society of Civil Enyineers^ August, 1878.) This is so constructed 
as to allow the cars to start slowly, and gradually acquire the speed of the rope. E is the rope. At 
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B B are tvro brakes operated by chains e which wind on the brake-spindle A. At P P are two 
grooTed rollers, placed so as to embrace the rope. L L are two links connecting the brakes and 
rollers. The apparatus is secured under the car in a frame P. To start the car, the brakes are 
applied so as to press the rollers tightly against the rope, and the speed of the car is thus regulated 

8658. 


by the retardation due to the pressure. When the revolution of the rollers is wholly stopped, the 
car acquires the full speed of the rope. 

Underground Railroads. —In London, England, the underground system of railroads has been 
in operation since 1868, when a section of 8^ miles was opened. The track and rolling stock are 



the sam& as on ordinary steam railroads. It traverses numerous tunnels (see Tunnels) and open 
cuts. The main difficulty in its construction was the avoidance of the immense network of sewer- 
pipes which underlie the metropolis. The present length (1879) of all the lines is over 20 miles, 

8660. 



and the aggregate number of passengers carried annually is about sixty millions. A short under¬ 
ground railroad is also in operation in Constantinople, Turkey. 

In New York City, the tracks of the railways which have their terminus at the Grand Central 
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Depot in Forty-second Street are sunk over a distance of 4^^ miles, along Fourth Avenue. A d^led 
description of the construction of the various tunnels, cuts, etc., on this line will be found in the 
SeUnHfic American^ xxxL, 307 et 9 eq, An effort was made to construct an underground rtilway 
along Broadway in New York, and a portion of the tunnel was opened in 1870. The scheme, at 
one time very promising, was killed by the ineflSciency of its management, the engineering difficulties 
attending its construction, and the opposition of property-holders along its line. 

Elevated Railroads. —Rapid transit has been secured in New York by the construction of lofty 
iron bridges, upon which the tracks of steam railroads are laid. Two systems of st^cture htfe 
been adopted. That used on the Metropolitan road, running through Surth Avenue, etc., is shown 
in side elevation and cross-section in Figs. 8658 and 8659, in which the upper structure con^ of 
lattice-girders supported by iron columns, and extending across the street. The foundation for 
the columns consists of a bed of concrete spread about 6 ft. below the street surface, on which are 
laid heavy flagstones supporting a brick pier 4 ft. high. A cast-iron base for the columns, fastened 
by four 2-inch foundation iron bolts, is placed on top of the brick pier, which is 4 ft. square 

The second system, adopted on the various lines of the New York Elevated Railroad Company, is 
represented in side elevation and cross-section in Figs. 8660 and 8661. The columns are placed 



immediately under the track, each track forming a separate structure, connected at intervals by iron 
arches, as shown in cross-section. The foundation is similar to that of the other road. 

The track is of the standard gauge. Rails weighing 60 lbs. are laid on wooden cross-ties, and on 
each side of the rails are placed guard-timbers which are securely bolted to the cross-ties. The ties 
are secured to the longitudinal girders by bolts. (For detailed descriptions, 8ee.JiaUroad 0<uetU^ 
1877, p. 434, and 1878, pp. 78 to 120.) T. F. K- 

RAILS. See Railroad. 

RAKE. See Agricultural Machtnert. 

RAM, HYDRAULIC. The hydraulic ram raises water on the following principle: A quantity of 
the liquid is set in motion through an inclined tube, and its escape from the lower orifice is made 
suddenly to cease, when the momentum of the moving mass drives up a portion of its own volume 
to on elevation much higher than that from which it descended. 

The first person who is known to have raised water by a ram, designed for the purpose, was Mr. 
Whitehurst, a watchmaker of Derby, in England. He erected a machine similar to the one repre¬ 
sented in Fig. 8662, in 1772. A represents the spring or reservoir, the surface of the water in wUch 



was of about the same level as the bottom of the cistern B, The main pipe from A to the cock at 
the end of C was nearly 600 ft. in length, and of l^inch bore. The cock was 16 ft below A, and 
furnished water for the kitchen offices, etc. When it was opened the liquid column in A (7 was put 
in motion, and acquired a velocity due to a fall of 16 ft; and as soon as the cock was shut, the 
momentum of this long column opened the valve, upon which part of the water rushed into the air- 
vessel 2) and up the vertical pipe into B. This effect took place every time the codi was used; and 
as water was drawn from it at short intervals for household purposes, ** from morning till nigiht—■all 
the days in the year,** an abundance was raised into B without any exertion or expense. 

The helier hydraidigue of Montgolfier was invented in 1796. Although it is on the principle 
of the one just described, its invention is believed to have been entirely independent of the 
latter. Fig. 8668 represents a simple form of Montgolfier’s ram. I^e motive column descends 
from a spring or brook A, through the pipe B, near the end of which an air^amber D and 
rising main P are attached to it as shown. At the extreme end of B the orifice is opened and 
closed by a valve instead of the cock in fig. 8662. This valve opens downward, and may 
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^ther be a spherical one, as in Fig. 8663, or a common spindle one, as in Fig. 8664. It is the play 
of this valve that renders the machine self-acting. To accomplish this, the valve is made of or loaded 
with such a weight as just to open when the water in ^ is at rest; i. e., it must be so heavy as to 
overcome the pressure against its under side when closed, as represented in Fig. 3664. Now suppose 
this valve open as in Fig. 8668:. the water flowing through B soon 
acquires an additional force that carries up the valve against its 
seat; then, as in shutting the cock of Whitehurst^s machine, a 


portion of the water will enter and rise in Fy the valve of the air- 
chamber preventing its return. When this has taken place the 
water in B has been brought to rest, and as in that state its pres¬ 
sure is insufficient to sustain the weight of the valve, E opens (descends); the water in is again put 
in motion, and again it closes E as before, when another portion is driven into the air-vessel and pipe 
F; and thus the operation is continued as long as the spring affords a sufficient supply and the 
apparatus remains in order. The surface of the water in the spring or source should always be kept 
at the same elevation, so that its pressure against the valve E may always be uniform; otherwise the 
weight of E would have to be altered as the surface of the spring rose and fell. When the perpen¬ 
dicular fall from the spring to the valve E is but a few feet, and the water is required to be raised to 
a considerable height through F^ then the length of the ram or pipe B must be increased to such an 
extent that the water in it is not forced back into the spring when E closes, which will always be 
the case if B is not of sufficient length. 

If a ram of large dimensions, and made like Fig. 3663, be used to raise water to a great elevation, 
it would be subject to an inconvenience that would soon destroy the beneficial effect of the air-chamber. 
If air be subjected to great pressure in contact with water, it in time becomes incorporated with or 
absorbed by the latter. This sometimes occurs in water-rams, as these, when used, arc incessantly 
at work both day and night. To remedy this, Montgolfier ingeniously adapted a very small valve 
(opening inward) to the pipe beneath the air-chamber, which was opened and shut by the ordinary 
action of the machine. Thus, when the flow of the water through B is suddenly stopped by the valve 
E^ a partial vacuum is produced immediately below the air-chamber by the recoil of the water, at 
which instant the small valve opens and a portion of air enters and supplies that which the water 
absorbs. Sometimes this mi/ling-valvey as it has been named, is adapted to another chamber imme¬ 
diately below that which forms the reservoir of air, as at .5 in Fig. 8664. In small rams a sufficient 
supply is found to enter at the valve E, 

Although air-chambers or vessels are not, strictly speaking, constituent elements of water-rams, 
they are indispensable to the permanent operation of these machines. Without them the pipes would 
soon be ruptured by the violent concussion consequent on the sudden stoppage of the efflux of the 
motive column. 

The literature in relation to the performance and proportions of hydraulic rams is not very extended. 
Some rules are to be found in Neville’s “ Hydraulic Tables, Coefficients, and Formulae,” and Morin’s 
treatise “ Des Machines destines 4 I’Eldvation des Eaux ”; and a discussion by the builders and 
users of these machines, published in The Engineer^ xL, xll., furnishes some interesting particulars. 
From these sources the following notes arc compiled: 

Let D = quantity of water used by the machine in a given time; d = quantity of water elevated 
by the machine in the same time; H = head of water under which the ram works; and h = height 
to which the water is lifted. Then the efficiency of the ram, or the proportion of the power of the 
d X h 

water that is utilized, is-• 

Dx H 

To illustrate, in an experiment made by Gen. Haupt with a hydraulic ram in 1866 (see Trautwinc’s 
** Engineer’s Pocket-book ”), the following results were obtained: 

Head under which the ram worked.. 

Height to which the water was lifted 

Pounds of water used per minute... 

“ “ raised “ ’ 

1.786 X 63.4 

Hence the efficiency of this ram was-= 0.46, or 46 percent, of the power of the water. 

27.73 X 8.812 

The efficiency of rams, in practice, varies between 30 and 90 per cent of the power of the water, 
depending upon the speed at which the ram works, size and lenpeth of connections, and details of con¬ 
struction ; and it is not possible to formulate all these elements with precision. From a number 


8.812 ft 
68.4 ft 
27.78 
1.786 
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of experiments on hydraulic rams made by Eytelwein, D'Aubuisson has deduced the formula for 
(f X A /A 

efficiency,-= 1.42 — 0.28 4/ —; and Neville has modified this formula to x A = 1.22) 

H y H" 

X (Af — 0.2 V' if X A). Morin, from his own experiments and those of Ej’tclwein, gives the formula, 


rfx A / h 

-= 0.258 4/ 12.8 - —. 

DxH ^ H 


Rules of this character are, of course, of limited application, but they are useful in showing the 
duty that can be expected from hydraulic rams under average conditions. Experiments covering a 
wide range of proportions would be the most valuable guide for future practice. Unfortunately, there 
are comparatively few experiments on record, and scarcely any of these are completely detmled. A 
summary of experiments with hydraulic rams of modem construction is contained in the accompany¬ 
ing table; 

Summary of ExperimenU with Hydraviie Jiamt, 


NUMBER FOR 
REFERENCE. 

FaU, from 
Sooroo 
of Sapply 
(0 Ra^ 

RUe, 
from 
Ram to 
Raaerroir. 

Poonde 
of Water 
Died par 

Poonda 
of Watar 
roiiad per 

Strokea of 
Waate- 
Valra 

P« 

Mlnota. 

DRrv*-pn»B, 

FBOX BOUROE OP 
SUPPLY TO BAM. 

DELrVBBT-PIPB, 
PBOM BAM TO 
BBSEBVOIB. 

Par Cent, 
of 

Power 

of 

Watar 

otahed. 

Ratio of 
Height 
of Lift 
toFaU. 

RaSoot 
Watar 
OMd to 
Water 


Mhima. 

Dfaunatar. 

Leogtb. 

Diamatar. 

Langth. 

daUrwad. 

1 

Feet. 

16 

Feat. 

116 

260 

2.6 


Incbaa. 

Faei. 

Tnrhei 

Feat. 

72.5 

7.25 

10 

2 

28.6 

208 

189.8 

10.4 




.... 

tiio 

64.2 

8.64 

18.4 

8 

9 

86 

280 

27.9 

44 


70 

1 

260 

88.7 

8.89 

10 1 

4 

60 

123 

40 

12.5 

120 

.876 

800 



76 

2.46 

8.2 

6 

1.5 

20 

47.6 

2.6 

68 

1.126 

18.5 



70 

18.8 

19 

G 

8 

66 

69.49 

6.69 


2.6 

62 

1.06 


92.7 

8.25 

8.9 

7 

7 

200 

94.7 

2.7 


2 

80 

1.06 


81 

28.67 

86.1 

8 

6.6 

24.2 

12 

2.14 




.... 


78 

4.4 

4.6 

9 

4 

96 

420 

11 




.... 


62.5 

24 

88.2 

10 

6 

120 

420 

12 






67 

20 

86 

11 

10.6 

96 

92.97 

6.87 






63.7 

9.14 

17.8 

12 

8.812 

63.4 

27.78 

1.786 

iio* 

1.6 

i5 

iio 

’266 

46 

7.2 

16 


The hydraulic rams ordinarily famished by makers can be used with delivery-pipes from 800 to 
1,000 ft. in length, and drive-pipes from 25 to 50 ft. long; and, according to statements in manufactu¬ 
rers’ catalogues, when properly set will deliver about one-seventh of the water used to an elevation 
10 times as great as the fall from the source of supply to the ram, one-fourteenth of the water used 
to a height 20 times as great as the fall, and so on in that proportion. The following table gives the 
proportions adopted by well-known builders, which do not differ essentially from those of other makers: 

Dimeruions of Hydraulic Rams made by Rumsey dt Co, 


TRADE NUM¬ 
BER. 

U. S. OaUona of Watar naad 
by Ram par Mloata. 

Langth of Drlra-Pipa. 

Dtametar Drlra-Plpe. 

Dtamater of DeUrerr-npa, 



Fact. 

Inchra. 

ladMa. 

2 

1 to 2 

26 to 60 

.75 

.875 

3 

2 to 4 

26 to 60 

1 

.875 

4 

4to 8 

25 to 60 

1.25 

.5 

6 

6 to 14 

26 to 50 

2 

1 

6 

12 to 26 

80 to 60 

2.6 

1.25 

7 

80 to 60 

80 to 60 

4 

2 

8 

40 to 120 

80 to 60 

6 

2.6 


The discussions on hydraulic rams published in TJte Engineer^ previously referred to, contain a 
number of rules for proportions; and those given by Mr. B. Massey, which seem most suitable for 
general use, are appended: 

The size of the drive-pipe, at its junction with the ram, should be lame enough to deliver three 
times as much water as is used, on the assumption that the water only flows about one-third of the 
time. It will be of ample size if it has the same diameter as a pipe 3 ft. long that will supply three 
times the quantity of water required under a 6-inch head. The length of the drive-pipe, to secure 
the best results, should be, for each foot of fall, 9 ft. with a fall of 2 ft. or under; 8 ft with a fall 
between 2 and 3 ft.; 7 ft., between 3 and 4 ft.; 6 ft., between 4 and 5 ft. The delivery-pipe should be 
of sufficient size to deliver the required quantity of water with not more than 2 or 3 ft of fricti<m- 
head. The area of the waste-valve should be four times the area of the drive-pipe. 

In Figs. 3666 and 3666 is represented a hydraulic ram manufactured in 1878 by the I. P. Morris 
Company of Philadelphia, for the purpose of irrigating the higher lands of a coffee plantation in 
South America. The capacity of this machine is larger than that of any hitherto constructed. 
following data were furnished by the purchaser with his order: height of fall, 9 ft. 10 in.; elevation 
of reservoir, 63 ft. 10 in.; diameter of inlet-pipe, 11| in.; length of do., 62 ft 4 in.; diameter of 
ascension-pipe, 64 in.; len^h of do., 127 ft. 8 in.; diameter of waste-valve, 11^ in.; contents of air-ves¬ 
sel, 4-ftr cub. ft. The capacity of the air-vessel was increased to 6| cub. ft, as the additional expense 
of the material was amply compensated by the known advantage of a lai^e air-cushion in parti^ly 
relieving this type of machine from the violent shocks inseparable from its action. The following 
description is from the Journal of the Franklin Institute: 
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“The body of the ram is a cylindrical pipe, 11^ in. bore and H thick, strengthened with flanges. 
It curres upward at the rear or discharge end until the axis of bore becomes vertical, when the bore 
is enlaiged to 19^ in. so as to form a chamber for the waste>valve. Several vertical ribs join the 
flange provided for the valve-seat at top of chamber with the main body of the ram. About midway 
the length of the body is the seat for the water-valve and the air-vessel. A horizontal flange on 
each side of the body, strongly ribbed, serves to hold the machine to timbers which rest upon stone 

foundations. Six bolts pass through all, with 
keys and plates at lower ends. The water- 
valve is of India-rubber, and scats upon a 
grating cast on the body of the ram, and is 
held in position by a stud carrying a guard. 
This valve is encased by the air-vessel, and 
access is had to it through a door. The body 
of the waste-valve is of cast iron, strongly 
ribbed, and is guided at its upper end by 
wings sliding within the bore of the valve- 
seat, and at its lower end by a stem working 
in a hole bored in the body of the ram. This 
hole is fitted at its lower end with a long tap- 
bolt, which is used to adjust the drop of the 
valve and the number of beats per minute 

8666. 


at such a point, found by trial, where best 
efficiency of the ram is obtain^. A piece 
of rubber interposed between the ends of 
stem and tap-bolt serves to soften the blow 
of the descending valve. The face of the 
waste-valve is a ring of wrought iron riveted 
to the valve, with three thicknesses of heavy 
sole leather between them, so as to give some 
elasticity, and thereby diminish the shocks 
given by the valve closing. The waste-valve 
seat is of cast iron, made heavy (about five 
times the weight of the valve), and firmly 
bolted to the body of the ram. The sup¬ 
ply is carried through cast-iron pipes having 
socket-joints, and their thickness diminishes 
from 1-i^ in. at the junction with the ram to five-eighihs of an inch at the upper end. The ascension- 
pipe is welded wrought-iron tube, 6^ in. diameter, joined by flanges. The apparatus for supplying 
air to the air-vessel is so made that the snifting-valve compels all the air admitted through it to enter 
the air-vessel; or if in excess, as in this case provided so, the surplus escapes between the under side 
of the valve-seat and the top of the screw-plug on which the valve is mounted, through an opening 
adjustable by means of the screwed shank of the valve-seat. 

** The supply-air passes upward through the hollow shank, thence outward, through holes, into the 
space below the valve-seat; the valve-seat is perforated with several holes, through which the air 
rises and lifts the valve. When the valve closes, the return of any air is prevented; but if the seat 
be raised from the top of the plug, a portion of it, more or less as desired, passes between them and 
escapes. (See enlarged view of snifting-valve, Fig. 3666.) The valve is placed high enough to be 
above floods, and its operation is as follows: The tube a is of 1-inch gas-pipe, and it rises, from the 
point of its attachment to the body of the ram, to a suitable height, and carries the snifting-valve, 
Jig. 8666, and a check-valve; it is then joined by a half-inch gas-pipe, 6. which descends and meets a 
check-valve attached to the ram immediately under the air-vessel. When the waste-valve opens, 
the water contained in the pipe a falls and produces a vacuum, when the air enters through the 
snifting-valve into pipe a. When the stroke recurs and the waste-valve closes, the water rises in 
pipe u, and displaces the air, which under pressure opens the check-valve c, whence it passes through 
pipe b and check-valve d into the body of the ram, and ascends into the air-vessel. This occurs 
eadi stroke, so that the supply of air is continuous. Any surplus is discharged by the modification 
before described.” 

RANGE. See Stoves and ITeatino Furnaces. 

RASP. See Files. 
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RATCHET-DRILL. See Drilling and Boring Machines. 

RATCHET-WHEEL. A wheel provided with pins or teeth of a suitable form, and which receives 
an intermittent circular motion from some vibrating piece, is called a ralchet-whed. In Fig. 3667, E 
represents the ratchet-wheel furnished with teeth shaped like those of a saw; and A By the driver, is a 
click or paul, jointed at one end A to a movable arm A (7, which has vibrating motion upon (7 as a cen¬ 
tre. AaAC moves to the right hand, the click B pushes the wheel before it through a certain space; 
upon the return of A ( 7 , the click B slides over the points of the teeth, and is ready again to pufii the 



wheel through the same space as before, being in all cases pressed against the teeth by its weight or 
by a spring. A detent J) prevents the wheel from receding while B is moving over the teeth; for it 
is, of course, a condition in this movement that the ratchet-wheel itself shall either tend always to 
fly back, or shall remain held in its place by the friction of the pieces with which it is connected. 
In this way the reciprocating movement ot A Bis rendered inoperative in one direction, and the 
circular motion results from the suppression of one-half of the reciprocating movement of the arm. 
The wheel E and the vibrating arm .d C are often centred upon the same axis. The usual form of 
the teeth is that given in Fig. 3667, and the result is that the wheel can only be driven in one direc¬ 
tion ; but in machinery for cutting metals it is frequently desirable to drive the wheel indifferently in 
either direction; in that case the annexed construction is adopted. The ratchet-wheel has radial 
teeth, and the click B can take the two positions shown in Figs. 3668 and 3669, and can drive the 
wheel in opposite directions. In this case the click has a triangular piece upon its axis, any side of 
which can be held quite firmly by a flat stop attached to a spring; there are, therefore, three posi¬ 
tions of rest for the click, whereof two are shown in the figures, and the thiixl would be found when 
the click was thrown up in the direction of the arm product. 

In Fig. 3670 two pawls, D Py E Qy are used, which differ in length by half the space of the tooth. 
As the wheel advances by intervals of half a tooth, each pawl falls alternately, and the same effect 
is produced as if the number of teeth were doubled, and there was one pawL In the same way three 
pawls might be used, each differing in length by one-third of the space of a tooth; and so the sub¬ 
division might be extended. 

A mechanical equivalent for the teeth and click may be found in what is termed a nipping lerffy 
constructed upon the following principle: Conceive that a loose ring, By Fi^ 3671, surrounds the 
disk Ay and that upon a projecting part of the ring there is a short lever I) E centred. This lever 
is movable about a fulcrum at Fy near to the wheel, and terminates at one end in a concave cheek 
Dy fitting the rim of the disk. On applying a force at E the lever will nip or bite upon the disk, 
and the friction set up may be enough to cause them to move together as if they were one piece. 

REAMERS. Cutting tools usually employed to finish holes requiring to be very true and smooth. 
They may be employed in a machine or lathe, or by band. Fig. 3672 represents reamers for band 
use, A being a taper reamer to be Introduced first, and B a finishing one to make the bole parallel. 
It is obvious that the taper one, by entering the hole a part of its length before its diameter becomes 



large enough to perform any cutting duty, is steadied during the operation. To steady the finishing 
reamer, it is usually made slightly taper at its cutting end for a length about equal to its diameter. 

Reamers should be made as follows; Forge them of the very best square steel, and to within one- 
sixteenth of an inch of the finished size; then turn them up, taking care to properly centre-drill and 
square the ends, and to rough them out all over before finishing any one part, bearing in mind that the 
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diameter is sure to be slightly increased by the process of hardening. Then cut out the flutes in a 
milling machine; the number of flutes should increase with the diameter of the reamer, but a good 
proportion is fire flutes to a reamer of an inch diameter. Let the flutes be deep and roomy, so as 
to allow the cuttings free egress and the oil free ingress. An odd number of flutes is better than an 
eren one, since they render the reamer less likely to follow any variation from roundness in the hole. 
Nor need the flutes be the same distance apart, a slight variation tending to steady the reamer when 
in operation. The form of flute is not arbitrary. Fig. 8673 shows the forms usually employed, either 
of which will answer excellently for hand-reamers, the only difference being that No. 2 is rather 
more difficult to sharpen, without softening it, on an emery-wheel, while No. 1 is the most difficult to 
sharpen when it is softened, in consequence of the file being liable to slip out of the groove and take 
off the catting edge. After the flutes are cut, the rake is given to the cutting edges by easing off or 
filing away the metal behind the cutting edges A, toward the point B ; but this should be done by 
draw-filing to a very slight degree near the cutting edges, otherwise the reamer will be liable to 
wabble when cutting. In forms 1 and 2, the amount of the rake at the point B need not be more 
than the thickness of a piece of thin writing paper, which amount will make them work very stead¬ 
ily ; but in No. 8, while near the cutting edge it may be very slight indeed, it must at the point B 
be considerable. Hence (save for rough work requiring an excessive cutting duty) form No. 8 is not 
so desirable as the others. 

The best method of hardening such reamers, and in fact all others, is to heat them in molten lead, 
and to quench them endwise in water; because, when heated in lead, the outside will become suffi¬ 
ciently heated before the inside metal is red-hot; and so, when the tool is quenched, the inside or 
central metal will remain sufficiently soft to permit of the tool being straightened should it warp in 
the hardening. The straightening should be performed by slightly warming the reamer and laying 
it upon a block of lead with the rounded side upward; then place a rod of copper or brass in the 
uppermost flute, and strike the copper a quick blow with a light hammer. The use of the copper is 
to prevent damage to the tool by the hammer. The object of dipping the tool endwise is to prevent 
the reamer from warping in haidening. If great care is not taken in the hardening process, reamers 
and all tools having grooves or flutes m them are very apt to crack along the bottom of the flutes, 
which cracking is due to the unequal contraction of the metal in being rapidly cooled by quenching. 
Those having deep flutes, or sharp comers at the bottoms of the flutes, are the most liable to flaw hi 
hardening, so that, in this respect, the flute shown in No. 1 is far preferable. To obviate the liability 
to flaw*, the water in which the quenching is performed may be made sufficiently warm to be just 
bearable to the hand; and if it is also made a little saline, its hardening value will not have been 
impaired by the warming. For light work, the hand-reamer should be, if above three-fourths of an 
in<^ in diameter, temped to a light straw color. For sizes less than that, and for heavy duty, a 
deep brown will prove the most serviceable, being less likely to cause the tool to break. The whole 
value of a reamer depends upon its being true or straight, and it is therefore necessary to exercise a 
great care in the resharpening, as well as in its manufacture. 

Among the various devices adopted to maintain the size of a reamer, notwithstanding the wear of 
hs cutting edge, is that of making the reamer hollow and cutting a fine slit in a portion of its length, 
BO that by inserting a small wedge in the slit the dkmeter of the reamer is increased. It is to be 
noted, however, that the reamer is by this means altered from a round to an oval shape; but it will 
produce fair work if carefully used. 

In Fig. 8674 is shown a square reamer, such as is used to finish the bore of rifle-barrels. Slips 
of wood attached to the side as shown at A are placed there to increase the size, as the same reamer 


8674. 



is used for a succession of cuts. First it is inserted without the wood, then with the wood, then with 
a piece of paper placed beneath the wood, and so on until the reaming is finished, the reamer being 
revolved very rapidly. 

1 he SheiUReamer is a cylindrical reamer having a hole bored through the centre, so that it may fit 
upon a mandrel and be us^ in the lathe. Fig. 3676 represents such a reamer, and Fig. 8676 shows 


8677. 8678. 



it placed upon a mandrel for use by hand. For use in the lathe, the hole is bored taper and fitted to 
a shank, vrhich in turn fits into the hole of the lathe which receives the running centre; then three 
or four shell-reamers, having holes of the same size and taper, will fit upon one shank, thus avoid¬ 
ing the necessity of providing a shank for each reamer. 
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Roae-Bit or Rcaxner .—The rose-bit is nothing more than a reamer, and of this class of tool there 
are almost endless yarieties. Fig. 3677 shows a common rose-bit, and Fig. 3678 is another form of 
this tool. Others are made to suit any desired shape, as globular, conical, etc. 

REAPER. See Agricultural Machinery. 

REED. See Looms, and Organs, Reed. 

REFRIGERATORS. Apparatus for cooling air in order to preYcnt decomposition in perishable 
materials, or to facilitate chemical processes, or to favor personal comfort during hot weather. The 
term “ refrigerator ” is most commonly applied to a box or chamber surrounded by some material 
which is a non-conductor of heat, and in which chamber are inclosed the ice for reducing the tempera¬ 
ture and the substances to be preserved. It is proper to recognize two classes of refrigeraUng ap¬ 
paratus : those for cooling an air-current delivered into buildings or apartments, and £e so-called 
refrigerators or ice-boxes which have no separate devices for producing the current. 

Air-Current Cooling Apparatus. —The simplest arrangement consists in blocks of ice placed 
either within or without the ducts which bring in the air. In the first case, generally preferred by 
inventors, the ice melts and afterward evaporates in fresh air. The cold resulting from the fuskm 
and warming of the water produced not being more than a sixth of that due to evaporation, it foUows 
that the amount of moisture introduced into the air is about one-seventh—nearly as much as that of 
evaporation alone. By causing currents of air to pass through vaults built at a depth of 6 or 8 ft. 
below the surface, they will be perceptibly cooled in summer. It has been proposed to place a sys¬ 
tem of pipes containing ammonia vapor in a chimney leading into the dwelling to be cool^. Refrig¬ 
eration is then conducted by a process similar to that employed in the ammonia ice-machine. (Sm 
IcE-MAKiNO Machinery.) MM. Ndzeraux and Garlandat have devised a cooling apparatus in which 
air is forced through an inclined perforated plate, over which a thin stream of water is kept flowing, 



the air being cooled by contact with the water. Descriptions and illustrations of several devices for 
cooling air w'ill be found in the Scientific American^ xxxi., 23. 

In the slaughter-houses of New York, fresh-killed meat intended for export is eooled by a blast 
from a blower which passes through a chamber packed with ice before reaching the meat receptacle. 
On board ocean steamers, the preserving apparatus consists of an oblong room, at one end of which 
is placed a chest as wide as the apartment and about 4 ft. in height. This is packed with ice, and 
from it extend galvanized iron pipes which connect with upright branches, and these last communi¬ 
cate with perforated pipes on the ceiling of the room. Around the sides of the chamber perforated 
iron pipes are placed. Through these, by a powerful exhaust-fan driven by the engine of the ressel, 
the heated air is drawn out of the room and a current of cold air is induced through the ice-box nnd 
the pipes on the ceiling. Channels for the escape of water are provided. A temperature of 34* F. 
has been continuously maintained. For refrigerator cars, see Railroad Cars. 

The Tellier refrigerating apparatus consists simply in a series of flat metal plates, which are cooled 
by the vapor of methylated spirit, and around which the air-current passes. The refrigeration of 
the plates is effected by the action of a Tellier ice-machine. (See Ice-making Machinery.) This 
system has been successfully used on the steamer Frigorifique, a vessel of some 900 tons, in which 
fresh meat has been transported from La Plata to France. It has also been adopted in large brew¬ 
eries, where it has maintained an air-current at a temperature of 32^ F. 

Ice-Boxes or Ice-Chests. —The essential requirement of receptacles for food to be preserved by 
cold air is, that a circulation of dry fresh air shall be maintained. Moisture rapidly causes deterio¬ 
ration and decay. In the older forms of ice-box, the ice, wrapped in blankets, is placed in Uic same 
chamber with the food. This is objectionable, as the ice is rapidly melted by the entranoe of the 
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out«r heated air when the box is opened, and also through the drain-tube; and the condensation of 
moisture on the food, besides impairing its preservation, injures the flavor. Ice-chests arc now more 
commonly constructed with the ice in a separate receptacle. 

Refrigerator^ devised by Mr. A. M. Lesley of New York, embodies an improved constnio- 
tion. Fig. 3679 shows the general arrangement. The ice-chest is located above the food-compart¬ 
ment, and is separated from it. A drip-pan collects all the water that is condensed on the side of 
the ice-chamber, and conveys it to a receptacle below, upon which a siphon-cup is fitted. The walls 
of the box are packed with finely-divided cork, covert with an outer coating of wood and an inner 
one of galvani^ iron. The ice is placed upon a wooden shelf in the chest, and the water escaping 
below enters a reservoir, whence it may be drawn for drinking purposes. 

The Allegretti Refrigerator is represented in Fig. 8680. This can be used for storing and preserv¬ 
ing meat and vegetables in large quantities. It consists of a box of suitable size, made of matched 
Imrds, and lined with several layers of thick felting, which cover its entire inner surface. The in¬ 
side of the chest is made up of two layers of pine boards closely matched and covered with galvan¬ 
ized iron. Between these boards and the felting a small air-space is left. The receptacle for ice 
is at the top of the chest, and inclines from the centre to one side, gradually narrowing until it 
reaches the bottom of the case. Ice is inserted through the small door at the top, in large blocks 
when a moderate degree of cold is required; or if a temperature below 88° is desired, the ice is 
crushed into small pieces, and with these the lower portion of the box is filled, the large blocks 
being placed on top. The floor of the case has a double bottom, under which the drip-water and 
cold air are allow^ to circulate. It is claimed that a circulation of cold air is constantly kept up. 
The current from the ice-box, being directed downward, enters the chest at its bottom, and, ascending 
by reason of an increase of temperature gained from the articles within the chest, enters the ice¬ 
box, to be again sent down, and so on. It is claimed that a temperature below 40° F. can be main¬ 
tained for any length of time. 

Refrigerators for Cooling Liquids. —The simplest liquid-cooling device is the so-called ** water- 
monkey ** used in tropical climates for cooling water. It is an unbaked earthenware jar, through the 
sides of which some of the liquid very slowly exudes and evaporates, thus lowering the temperature 
of the remainder. Coolers for wort in brewing usually consist of a large shallow vat traver^ by a 
continuous pipe, through which a stream of cold water is passed. The wort runs in one direction 
and the water in the other, so that the delivery end of the wort is exposed to the coolest part of the 
stream of water. G. H. B. 

REGENERATING FURNACE. See Furnaces, Ibon-raking Processes—^Puddling, and Steel. 

RESAWING MACHINE. See Saws, Circular. 

RETORT FURNACE. See Iron-making Processes—^Puddling. 

RETORTS. See Gas, Illuminating, Apparatus for. Amalgamating Machinery, and Assaying. 

REVERBERATORY FURNACE. See Furnaces. 

REVOLVER, See Fire-Arms, Construction of. 

RICE-HULLER. See Hollers, Coffee and Rice. 

RIFLE. See articles on Fire-A^s. 

RIVETING MACHINES. For strength, etc., of riveted joints, see Boilers, Steam. 

I. Steam-Riveting. —The requirements of pe^ect riveting are, that the metal of the rivet while hot 
and plastic shall be made to flow into all the irregularities of the rivet-holes in the boiler-sheets, that 



the surplus metal be formed into heads as large as need be, and that the pressure used to produce 
these results shall not be in excess of what the metal forming the boiler shall be capable of resist¬ 
ing. In order to test and also illustrate the relative advantages of machine- and hand-riveting, two 
plates were riveted together as shown in Fig. 8681, the holes of which were purposely made so as 
not to match perfectly.* These plates were then planed through the centre of the rivets, so as to 
expose a section of both the plates and rivets. From this an impression was taken with printers’ ink 


* From the Railroad GaetUe, 
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on paper and then transferred to a wooden block, from which Fig. 3681 was made, a was put in by 
machine, and b by hand. The hand-rivets, it will be observed, *611 up the holes very well immediately 
under the head formed by the hammer; but sufficient pressure could not be given to the metal— 
or at least it could not be transferred far enough—to affect the metal at some distance from the 
head. So great is this difficulty that in hand-riveting much shorter rivets must be used, because it is 
impossible to work effectively so large a mass of metal with hammers as with a machine. The heads 
of the machine rivets are therefore larger and stronger, and will hold the plates together more firmly, 
than the smaller hand-riveted heads. 

Direct-acting steam-riveting machines give a uniform force, if the steam-pressure used be uniform; 
and they give such pressure as is needed, regardless in a measure of the amount of metal forming the 
rivet. These machines have been made on two general principles. In the English machines, a com¬ 
paratively light piston of large diameter acting upon a not very large or heavy riveting ram is made 
to do its work by the pressure of steam alone. Machines are also built in which a very heavy piston 
and riveting ram are made to do the work by the combined effort of steam-pressure and momentum. 
The ram and piston are of wrought iron in one solid forging, and weigh when finished over one ton. 
With the increased weight of the riveting ram a less diameter of steam-cylinder is needed. Thus, it 
is said that one of these machines with a steam-cylinder 31 in. in diameter, working alongside of an 
English machine with a steam-cylinder 36 in. in diameter, does the same kind of work from the Bime 


steam-boiler, and yet requires a shorter stroke, thus using less steam to accomplish tlie same result 
In practice, it has been found that for locomotive boilers using |4nch rivets about 60 lbs. pressure 
per square inch does the best woric. 

In Fig. 3682, the frame A carries the bolster-die B. i) is a steam-cylinder containing a pistoit to 
the ram or rod of which the riveting die C is attached. The work is swung so that the heated rivrt 
is placed in the work with the rivet-head resting in the bolster. By means of the handle steam u 
admitted to the cylinder 2), causing the die C to strike the protruding end of the rivet, and closing it 
upon the work, which it will do before the rivet has lost its red heat. By another movement of the 
handle Ej the ram is brought back ready to operate as before. 

II. Hydraulic Riveting. —The plant required for hydraulic riveting consists of an accumulator 
that can be loaded so as to give any requisite pressure per square inch; a means of keeping this ac¬ 
cumulator full by pump or otherwise ; and the riveting machine proper, which may be either station¬ 
ary or movable within certain limits. For boiler-seam riveting, a stationary riveting ma^dune has its 
large steam-cylinder replaced by a very small hydraulic cylinder. For bridge-work construction in the 
shop, the pump and accumulator are placed in any convenient position, and the water under pressure 
is conveyed through jointed or flexible pipes to a portable riveting machine suspended from an over¬ 
head carriage. In using this portable riveting machine, the work, resting on trestles, remains station¬ 
ary, and the riveter is moved along it from rivet to rivet, performing the work with great rapidity. 

An adjustable accumulator and pump, in the improved form, is shown in Fig. 3683. The frame of 
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the machine contains the reservoir 
of water under compression and 
the reservoir of water under at¬ 
mospheric pressure only. It sup¬ 
ports a pump operated by the gear¬ 
ing shown, the large gear driving 
a crank-shaft to which is attached 
the connecting-rod. The movable 
weights shown regulate the pres¬ 
sure of the water in the accumu¬ 
lator, the pressure when all the 
weights are in position being 2,000 
lbs. per square inch. An impor¬ 
tant feature in the arrangement 
of pump and accumulator is the 
adaptation of a relief-valve to the 
system. This valve is so construct¬ 
ed and controlled by the motion of 
the accumulator as to relieve the 
pump from work without stopping 
its motion when the accumulator 
is full, and to start it pumping into 
the accumulator as soon as the ac¬ 
cumulator weight has descended a 
short distance. 

The portable hydraulic riveting 
machine, to be operated by the 
water which the pumping device 
above described stores in the ad¬ 
justable accumulator, is represent¬ 
ed in Fig. 3684. In this machine 
the riveting dies A B are carried 
by levers of the third order, the 
pressure being applied at a point 
between the ends of the levers, as 
shown. Tlic rivet is driven by the 
dies'in the short ends of the levers, while the long ends are held together in a ball-joint by a sj ural 
spring shown at C. Two rods pass through guides in the cylinder Z>, and arc attached to the cross¬ 
head of the plunger A*, this attach¬ 
ment being adjustable. Water un¬ 
der pressure is admitted thiough 
a valve back of the plunger by the 
lever F, One movement of this 
lever admits water to the cylinder, 
and a reverse movement shuts off 
the water-supply and opens an ex¬ 
haust-valve. Within the ram E 
there is a small cylinder having a 
piston attached at one end to the 
bottom of the cylinder D; this 
secondary cylinder is known as the 
“drawback” cylinder, and operates 
only when the exhaust-valve is 
open. The function of the “draw¬ 
back ” is to draw the ram E into 
the cylinder JD, and thus to open 
the dies to receive the next rivet. 
A suspension-bar adjusted by a 
worm-wheel and worm, is provided 
to enable the machine to be pre¬ 
sented to its work with the jaws in 
the most favorable position. The 
pipes leading to the machine are 
jointed, and thus made quite flex¬ 
ible, while the exhaust water is 
conveyed back to the reservoir by 
a rubber hose. The riveter may 
be suspended from any convenient 
crane. For girder-work it bangs 
from an overhead carriage made 
after the style of a traveling crane, 
and arranged to have motion in one direction of say 50 ft., and a cross-motion of say 6 ft., thus 
enabling the machine to cover all points in a rectangle of 50 by 6 ft. 
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KOAD LOCOMOTIVE. See Engines, Portable and Semi-Portable. 

ROCK-DRILLS. Pointed or edged steel rods used for the perforation of rock, and caused to 
penetrate therein by combined percussion and rotation, or by the latter only. The rods or bits are 
either driven by blows of sledges and guided and rotated by hand, or are connected with the piston 
of a suitably arranged engine. The name ** rock-drill ” is now commonly applied to an apparatus 
which includes bit, engine, and support 

Hand-Drilling. —The curved chisel-bit. Figs. 8685 and 3686, has been proved to be the best for 
hand-drilling. Owing to the drill having more work to do at the circumference of the rod than at 
the centre, a straight-edge drill soon be^mes worn more at the ends than at the middle of the 

edge, and it will naturally approximate to the curved edge, 
which, if originally adopted, therefore gives the most uni¬ 
form wear. In brief, it has been found by experience that 
(a) Straight-edged drills blunt quickly at the comers. (6) 
Edges with too sharp a curve blunt first at the centre, (c) 
Edges with light curves are the best adapted to hard, and 
those with sharp curves to easier ground, {d) The pro¬ 
portion of the extreme width of the bit to the diamet^ of 
the drill may vary from 7:6 to 4:3. In easy rock, the 
shoulder of the edge need not be so great as in hard, as 
the ends are not subjected to so great a strain, (r) The 
angle of the two faces may be put at the highest for strong 
drills in hard rock, at say 70°, as in Fig. 3687. In hard 
ground, however, the drill should be rather rounded, as in 
Fig. 3688, to give support to the point; and in very easy 
material (hard earth, etc.), where a crushing rather than 
a cutting edge is needed, it is well to slightly blunt the 
edge, as in Fig. 3689. 

Various devices are used for enlarging the drill-hole at 
the bottom. In one, the drill is provided with expanding 
blades, which open when the drill is turned one way, and 
close when it is reversed and drawn out of the hole. When closed, the plates remain in that position, 
and arc opened automatically when the drill is struck against the bottom of the hole. As to the 
hammer, there have been long-standing controversies between the different races of miners with ref¬ 
erence to the use of light hammers of from 3 to 5 lbs., or the heavy—say 9-lb. ones. The Fied- 
montese miners are famous for their work with the latter in 8-hour shifts. Of course, in much one- 
hammer drilling, especially upward work, the light hammers must be used. 

As to the relative advantages of single-hand or two-hand drilling, M. Havrez (Bevue Univti^lc 
dea AfineSy Lidge, May and June, 1876) has determined **that, in point of economy, of time and 
money, one-hand drilling is from 39 per cent, in soft schists to 20 per cent in soft sandstones cheap¬ 
er than two-hand drilling. In very hard racks, on the other hand, a saving in direct outlay of abo^ 

8687. 




15 per cent, can be effected by two-hand drilling over onc-hand drilling; this is especially the case 
with 10-hour instead of 8-hour shifts. This saving is, however, made in cost alone, as one-hand 
drilling gives the more rapid advance, and should be used even in the harder rocks, where speed is 
an especial object.” In tunnel-headings, however, in America, we know that the rule is in favor of 
two-hand drilling in general; often, indeed, two hammers on one drill are used. 

Rock-Drilling Machines. —The characteristics of a good rock-drill, according to Andr6 and 
Drinker, are as follows: 1. A machine rock-drill shall be simple in construction and strong in every 
part. 2. It shall consist of few parts, and especially of few moving parts. This principle may be 
carried too far, and it is even more important that every part should be easily renewed. The life of 
this class of machines lies in their ability to be renewed piece by piece. When a drill is thus con¬ 
structed, and one is u.sing it who is thoroughly acquainted with it, and when a sufficient number of 
duplicate parts are at hand, it can often be kept running month after month without dismounting, 
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despite breakages and wear. 3. It shall be as light In weight as it can be made consistent with the 
first condition. The weight, however*depends upon circumstances. If the machines are mounted 
on frames or carriages, and moved on wheels, we would say, make the machines very heavy; but if 
they are to be portable, and frequently dismounted in moving them, then the condition holds good. 
4. It shall occupy but little space. 6. The striking part shall be of relatively great weight, and it 
shall strike the rock directly. 6. No other part than the piston shall be exposed to violent shocks. 
7. The piston shall be capable of working with a variable length of stroke. 8. The sudden removal 
of the resistance shall not he liable to cause injury to any part. 9. The rotai 7 motion of the drill 
shall take place automatically. 10. The feed, if automatic, shall be regulated by the advance of the 
piston as the cutting advances. 11. The machine shall be capable of working with a moderate degree 
of pressure. There are two sides to the question of pressure. If the drills do good execution at a 
low pressure, they must be correspondingly large and heavy, thus violating condition 3. It is de¬ 
cidedly questionable whether the pressure, when economical, steady work is considered, should exceed 
60 lbs.; but there may of course be exceptions. Practically, the question is not one purely of high 
or low pressure, nor one of large or small drills, but one of economy in work and of rate of progress 
attained. 12. It shall be capable of being readily taken to pieces. 

External gear in a rock-drill is especially to be avoided. 

The 6th condition above is one of great mechanical importance. In comparing the relative merits 
of rock-drills, the number of strokes a minute which any one is capable of making is often insisted 
on as the basis of a comparison of efl[iciency, that one l^ing considered the most efficient which is 
capable of making the greatest number of strokes. This notion is an altogether erroneous and a 
pernicious one, inasmuch as it tends to perpetuate and increase a somewhat serious defect. Too 
high a piston speed is undesirable in a rock-drill mainly for two reasons; First, the resistance to be 
overcome is great. The operation of boring consists in fracturing the rock by a succession of heavy 
blows, and it is evident that the heavier the blow, within the limits of the endurance of the tool, the 
greater will be the effect. Theoretically, the stroke should be very short, so as to divide the work 
of the motor into a very great number of blows, and so pick the rock to pieces. A blow hard enough 
to break and smash the steel may indent the rock; but divide this blow into many, and we drill a 
hole. But the stroke may be too short. There must be a certain clearance; and the shorter the 
stroke, the greater the percentage of loss of steam in filling the cylinder. Also, the drill must chirnn 
up the debris in the hole so tbat the water will wash it out; but if the stroke is too short, it will only 
clog. Hence we have a paradox—^to drill hard rock requires a harder blow than to drill soft rock, 
but to clear the hole requires a longer stroke; so that a dnll with 3i-inch stroke drills hard jock 
best, but for soft rock it should be 6 or 7 inches. A long, heavy stroke on hard rock jars the ma¬ 
chine too much. To obtain a heavy blow, there must be a large moving mass. But an augmentation 
of the mass is, other things being equal, incompatible with an increase of velocity. Hence it be¬ 
comes desirable, as far as the 3d condition will allow, to renounce velocity in favor of mass; i. e., as 
much as practicable of the weight of the machine should be concentrate in the piston and piston- 
rod. With such a disposition of the parts, the work of a drill must necessarily bo more effective. 
Second, when the moving mass is light and the velocity high, not only is the great resultant vibration 
absorbent of force, but very destructive to the joints and conducive to fracture In the moving parts; 
and, moreover, the inevitable wear and tear are thereby immensely increased, so that the tendency to 
derangement is greatly augmented by the adoption of high velocities. 

As to the 6th condition, a source of accidental shot of extremely violent and destructive character 
lies in the necessity for a variable piston-stroke. The provision for this variation of stroke allows 
the piston, under certain circumstances, to come into contact with the cylinder-cover. When, as is 
sometimes the case, the valve-gear acts independently of the piston, the liability to this accident is 
greatly increased and becomes a very serious defect. 

In the design and construction of every machine-drill, the tendency of the piston to exceed the 
proper limits of its stroke should be constantly borne in mind, and means should be employed both 
to <^eck that tendency and to lessen its effects. A rock-drill operates upon the rock by striking a 
blow, and it is essential that the blow should be struck with the full force of the stroke. When the 
rock is very hard, several blows may be struck in succession without either penetrating the rock or 
breaking away any part of it. A subsequent blow acting on the parts weakened by those already re¬ 
ceived causes fracture, and, the fractured portion instantly becoming detached, the hole is suddenly 
deepened. The piston will therefore have to advance farther at the next following stroke. More¬ 
over, rocks vaiy suddenly and greatly in hardness, and often contain cavities, besides which they arc 
always mo^e or less traversed by joints. The sticking of the drill in the hole from any cause is 
another source of trouble. It often causes the piston to strike the back head, for steam (or com¬ 
pressed air) packs in front of the piston, and as soon as the drill is freed, the piston is forc^ back 
with unusual violence and strikes the rear end. If all the circumstances are Iwme in mind, a little 
reflection will suffice to show that, even assuming perfect feeding to be possible, a rock-drill could 
not operate with an invariable piston-stroke, and that the piston must, in the matter of length of 
stroke, accommodate itself to the requirements of the moment. But as no automatic feed-motion has 
been devised sufficiently accurate in its action to satisfy the demands of practice, and as hand-feeding 
is in its nature more imperfect still (though it is probably the better system), the necessity becomes 
obvious, not merely for a possible variation in the length of the stroke, but for a variation between 
somewhat wide limits. This renders it impossible to connect the piston in an invariable manner 
with the valve-gear. Hence recourse has been had to tappet movements to actuate the valve, and 
in some instances the valve-motion has been made wholly independent of the piston. (The principle 
is the same as in the direct-action steam-pumps, where tappets are almost always used.) 

The 8th condition is practically a part of the 6th. Rocks often contain cavities, and when a drill 
enters one of these, the resistance to the tool is suddenly removed, and this causes the piston to give 
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its extreme length of stroke, and, in conseqaence of a tendency to exceed the limit, it often strikes 
against the cylinder>cover. A provision against its occurrence consists in allowing ample clearance 
space at the lower end of the cylinder, or of inserting an elastic buffer. 

Now, assuming that practice has decided, as to the rotary motion of the drill, that it should be 
automatic, we have nevertheless seen that there are strong reasons, on the other hand, in favor of a 
hand-feed over an automatic. Should, however, the feed of a drill be automatic, the lOth condition, 
that, “ if automatic, it shall be regulated by the advance of the piston at each stroke,*’ is one of es¬ 
sential importance. 

In any mechanism in which a regular progressive action is communicated to the tool, no account is 
taken of the irregular manner of producing fracture in the rock, of variations in hardness, of the oc¬ 
currence of joints and cavities, or of the comparative sharpness or bluntness of the cutting edge of 
the tool. A certain velocity of progression having been assumed, the inevitable consequence is, either 
that the tool is not kept properly up to its work, or is pressed forward too rapidly. In both cases, 
the result is a serious loss of effective work, often accompanied with no leas serious delays. With 
these facts in view, the practical mind will at once note the importance of observing this condition. 

As to the 11th condition, which requires that the machine shall be capable of working with a mod¬ 
erate degree of pressure, it is one that must tend greatly to promote the successful employment of 
rock-drills actuated by compressed air. 

The general plan of holding the drill-shank is by means of friction induced by bolts, the latter 
not being forced directly against the shank. The Z-bit is considered the best form theoretically for 
cutting, for the greater part of the cutting edge is around the circumference of the hole, where most 

of the cutting is done. But the greater liability to 
8690. break, and the greater difficulty of repairing and 

n sharpening, has made the X-shape more acceptable. 

Hand‘DriUing Machina .—In Figs. 3690 and 3691 



^ illustrated two forms of hand-drilling machines. 
* In that represented in Fig. 3690, when the crank is 
—turned the wheel A is rotated, and by the cam on 
this the rod B both lifts and turns the drill B, 
against the action of the spiral spring. The elasticity of the latter supplies* the power for causing 
the drill forcibly to strike the rock. The Victor drill, shown in Fig. 8691, is one of the most efficient 
of its class. In this, by rotating the handles, cams are caused to lift the drill against the heavy 
springs shown. An ingenious self-feeding attachment is provided. This machine will cut in average 
rock from 3 to 6 ft, per hour. 

Power-Drilling Machines .— The Rand Drill, —^The essential principles embodied in the constme- 
tion of this drill will be understood from the sectional view, Fig. 3692. The lever for operating the 
Talve is placed in a recess between a double-headed piston, and is struck at the ends as the piston 
reciprocates, and the arm of the lever drives the valve. The valve is made of steel, and so con¬ 
structed that it moves in the same direction as the piston in opening the ports, without the use of 
an eccentric rod. The piston-rod enters the piston on a taper, and is keyed into place. The rota¬ 
tion-bar is nearly triangular in cross-section, and is made very strong. The ratchet-wheel for rota¬ 
tion is large, and the teeth are strong. 

Fig. 3693 represents this drill supported on an ingeniously constructed column for use in heading. 
It wHl be noted that the column may be adjusted to any height by the screws which pass through its 
base. Fig. 3694 shows the arrangement of the drill for gadding, capping, and raising blocks. It 
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can also be used as a ccal-cutting machine. Fig. 8695 exhibits the drill mounted for doing quarry 
work. A straight line of holes 8 ft in len^h can be put down without moving the machine^ 
all the holes having the same direction. 

The Hand air-compressor, used to supply air under pressure to the drill above described, is 
illustrated in a full-page plate. (See Air-Comfressors.) The machine here represented is that con¬ 
structed for use in the Calumet and Hecla mine. Its principal fea- 
3683. tures are the double-acting cylinders, 28 in. in diameter by 48 in. 

. stroke, and the method of absorbing the heat due to compression 

^ by surrounding the sides and end of the cylinders and filling the 






interior of the piston with cold water. It will be noted that there 
are two air-cylinders placed side by side, with cranks set at quarter 
angles, driven by cut gears from the main shaft which operates the 
mine-pumps and hoisting drums. This shaft is driven by Leavitt 
compound engines of about 1,500 horse-power. Each compressing cylinder has three concentric 
shells, the inner one of which is of brass, and the others are of cast iron. Between the inner and 
the middle shell a constant circulation of water is maintained. This water passes through the pis¬ 
ton, and thus serves both as a means of cooling and a lubricant Brass is used for the interior of 
the shell on account of its superior conducting qualities. Relief-valves properly weighted are pro¬ 
vided, by means of which the engine is relieved of duty when the pressure in the receiver exc^s 
the desi^ number of pounds per square inch. A number of small inlet- and dischai^valves of 
steel are placed in the heads of 

the cylinders, the object of using 8696. 


many small valves being to less¬ 
en the shock while seating. 

Drilling wider Water ,—^There 
are two methods in use for drill- 
ing rock for blasting under wa¬ 
ter: one by shaft-sinking and 
tunneling, as practised at Blos¬ 
som Rock and at Hell Gate (see 
Blastiho) ; and the other by 
drilling from the surface. The 
last-mentioned operation may be 
acoomplisbed either by building 
a platform over the rock to be 
perforated, and erecting the drills 
thereon, or by means of a scow 
on which the drills are placed. 
The older method of constructing 
drill-scows is to make a “ well ” 



through the bottom, through 

which a drop-drill is caused to work. Tliis drill is guided by holes in a heavy iron bell, which is let 
down from the scow and adjusted over the rock to be bored. A description of this system will be 


found in the Scientife American^ xli., 81. 

An improved construction of drill-scow is represented in Fig. 8696. The drills, instead of passing 
down through the vessel, are placed at the ends, and suitable mechanism is provided for raising and 
lowering them in a vertical line. The bits extend down through tubes, which are attached to mov- 
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able carriages miming on transverse ways. The scow, after being floated over the rock to be bored, 
is lifted bodily out of water if need be, by spuds which are forced down against the rock, thus 
forming an immovable platform. Fig. 861)6 shows the scow used in the improvement of the St. 
Lawrence River near the mouth of the Lachine Canal. Four Rand drills of 5 in. diameter were em¬ 
ployed. The maximum cutting was 9 ft. of rock under a depth of 9 ft. of water, the design being to 
make a clear channel 18 ft. in depth. During 1878 and 1879 the scow worked on an average six 
months per year, and the removal of about 45,000 yards of rock was effected. 

Report of Exptrimenta tcith the Rand Rock-Drill made by Park Benjamin's Scientific Expert Office^ 
New York^ March^ 1879. Experiments conducted by Rii^ard H. Buely C. E. 

The following experiments were made in order to measure the speed of the drill and consumption 
of air at different temperatures. A counter was attached, receiving its motion from a lever actuated 
by a cam-shaped projection on a piston-rod constmcted for the purpose—the effect of the attach¬ 
ment being to make the reading of the counter Increase one unit for each successive pair of strokes 
(advance and return of the drill). A collar was secured to a groove in the piston-rod, and a rod 
attached to this collar gave a rocking motion to a lever pivoted to a standard on the front cylinder- 
head of the drill. This constituted the motion for the indicator. Pipes were connected to each end 
of the cylinder, and united at the middle by a three-way cock to which the indicator was attached. 
A piece of 4-inch pipe was connected to the exhaust, and the discharge end of this pipe was accu¬ 
rately finished on the interior for a distance of about a foot. The pipe was several feet in length, 
and a water-gauge was connected to it close to the discharge end. Thermometers were attached as 
follows: one in the delivery-pipe of the air-compressor,'at the point of its entry into the reservoir; 
one in the valve-chest of the drill; and one in the exhaust-pipe, within a few inches of its connec¬ 
tion with the drill. The pressure-pipe connecting the drill with the air-reservoir was short and free 
from abrupt bends. 

In making the experiments, when the drill was permitted to strike, the blows were received by a 
mass of iron, a blunt-headed rod being used in place of the ordinary pointed drill. By this means 
the stroke of the drill was maintained practically constant The following are the principal dimen¬ 
sions of the drill, as obtained by measurement, the volume of parts being measured by filling them 
with water: 


Diameter of piston. .8.125 in. 

“ of rod.. 1.625 in. 

Area of feed-screw at back end. 2.0046 sq. in. 

Mean piston area. 5.6807 sq. in. 

Maximum stroke of piston... 6.75 in. 

Average stroke during experiments. 6.00 in. 

Port clearance, front end of cylinder. 7.0996 cub. in 

“ “ back end of cylinder. 6.682 cub. in. 

Diameter of exhaust-pipe at point of discharge.4.07 in. 


Indicator diagrams were taken from the drill-cylinder at speeds varying from 111 to 298 double 
strokes per minute, and at pressures of from 12.6 to 26.6 lbs. per square inch above the atmosphere. 
Before taking diagrams the piston of the drill was blocked in position, and subjected to a high 
pressure, and was found to be practically tight. The pressure-gauge was also tested by the indica¬ 
tor (the springs of which had previously been found to be correct), and all records of gauge-pres¬ 
sures given hereafter are corrected reading. In all diagrams taken, the pencil was allowed to pass 
over the paper a number of times, but without making any material change in the form. 

Representative diagrams are given in Fig. 8697. Diagrams 1, 2, and 8 are from the front end of 
the cylinder, or were taken on the return stroke; and diagrams 4, 5, and 6 are from the back end, 



representing the striking stroke. Diagrams 1 and 4 were taken with the drill run back in the frame 
so as not to strike, and in all the remaining diagrams the drill was allowed to strike, the length of 
stroke being maintained at 6 in. as nearly as possible. When not striking, the speed of the drill 
was controlled by the throttle-valve, but for the other runs the throttle-valve was kept wide open and 
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a constant pressure was maintained in the reservoir. The principal results from the diagrams are 
contained in the accompanying table: 


Table shomriff Data from Itidicaior Diagrams of Katid Rock-Drill. 


1 

2 

3 

4 

6 

6 


12.5 

2C.5 


12.5 

26.6 

i:-5 

200 

2»8 


M 

226 

6. VS 




t 



.25 

.89 


.98 

.89 

’!b7 

.b6 

.76 

■‘.72 

.78 

.76 

.T1 

.81 

.7S 

.84 

.88 

.76 


Nombeb of Diagram. 


Pressure In reservoir above atmosphere. 

Number of double strokes i>er minute.... 

Scale of indicator springs. 

Mean effective pressure in lbs. per sq. in. 

Eatio of pressure during period of admission 

pressure in reservoir.. 

Fraction of stroke completed to exhaust. 

Fraction of stroke completed to cushion. 


In cylinder to 


Indicated horse-power computed from each pair of corresponding diagrams—Nos, 1 and 4, 0.148; 
Nos. 2 and 6, 0.286 ; Nos. 8 and 6, 0.688. 

Direct measurements were also made of the amounts of air used by the drill at different speeds 
and pressures, by placing an anemometer at the end of the exhaust-pipe, one observer taking the read¬ 
ings of the anemometer while another made simultaneous records of the counter. The pressure was 
increased in the successive runs, being maintained constant in the reservoir during each of the several 
runs until it was no longer possible to hold a steady pressure in the reservoir. Several readings of 
counter and anemometer were taken in each run; the water-gauge in the exhaust-pipe gave no sensi¬ 
ble indication, showing that the air was discharged at atmospheric pressure. The anemometer used 
in these experiments had previously been tested up to a velocity of between 600 and 600 feet per 
minute, and its correction as thus determined has been applied to all the observed velocities. The 
air passing the anemometer was at exhaust temperature and atmospheric pressure, and this has been 
reduced to reservoir temperature and pressure. Similarly the air saved by cushion has been corre¬ 
spondingly reduced, and in the accompanying table the results of these reductions are presented: 


Table showing Experiments on Speed of Rand Rock-Drill and Volume of Air used at Diffcreid 

Pressures, 


Numbbb or Exfebimbnt. 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

Pressure In reservoir above atmosphere. 

16 

20 

25 

80 

85 

40 

45 

60 

55 

58 

Double strokes per minute. 

Temperature (Fah. degrees), reservoir. 

226 

259 

2S0 

809 

888 

848 

895 

415 

429 

4:d 

75 

62 

85 

90 

100 

106 

180 

185 

150 

160 

“ tt Ik valve-cheat. 

70 

70 

70 

70 

71 

76 

80 

80 

80 

80 

“ MU exhaust. 

67 

62 

48 

46 

44 

42 

43 

U 

44 

44 

Velocity of air in exhaust-pipe. 

246 

858 

510 

724 

850 

1,012 

1,250 

1,484 

1,690 

1,788 

Cub. ft of ^exhausted per min. at exhaust) 
temperature and atmospheric pressure.. f 
Probable equivalent of air exhausted at re- i 

servoir pressure and temperature.) 

Cab. ft of air used per minute, calculated i 
from total piston displacements.| 

22.8 

82.8 

46.1 

65.4 

76.8 

91.4 

112.9 

184.1 

152.7 

161.5 

10.4 

12.2 

14.5 

17.9 

18.7 

19.2 

20.0 

20.S 

21.9 

92.2 

11.1 

12.8 

18.9 

15.8 

16.5 

17.2 

19.6 

20.5 

21.9 

29.4 


U. S. Government Tests of Drills at Hell Gate. —A series of tests of drills were made during 1878 
and 1879 by Capt. James Mercur, U. S. Engineer at Flood Rock, Hell Gate, N. Y. The drills used were 
the Burleigh, Rand, and Ingersoll. All had 8-inch cylinders, and were operated with a li-inch octa¬ 
gon steel upset to a 2-inch bit, drilling a hole somewhat larger than 2 in. in diameter at the start 
and somewhat smaller at the end. The holes averaged 4 ft in depth, and the character of the rock 
varied from the hardest to the softest varieties of gneiss. The following data are the averages for 
six months (March 1st to September 1st, 1879), the work being carried on continuously in three shifts 
of eight hours each, no deduction being made for time lost by breakages and moving drills. In the 
average by hours only the actual drilling time is counted. The air-pressuro was kept at 60 Iba 
per square inch: 


Number of shifts worked. 1,282 

Average per shift. 36.8 feet. 

Number of hours worked. 9,230.08 

Actual drilling. 47,182.11 feet. 

Average per hour. 5.11 ** 


The Burleigh Rock-Drill. —The main elements of this drill are the cage, the cylinder, and the 
piston. The cage is merely a trough, with ways on either side, in which the cylinder, by means of a 
feed-screw and an automatic feed-lever, is moved forward as the drill cuts away the rock. The 
piston moves back and forth in the cylinder, propelled and operated either by steam or compress^ 
air, like the piston of an ordinary steam-engine. The drill-point is attadied to the end of the pis¬ 
ton, which is a solid bar of steel. The piston is rotated, as it moves back and forth, by ingenious 
and simple mechanism. The forward motion of the cylinder in the trough is regulated by an 
automatic feed as the rock is cut away, the advance being more or less rapid, as by the variation 
in the nature of the rock the cutting is fast or slow. It will thus be seen that the drill-point and 
solid steel piston alone receive the shock of the blow; and it also should be stated that the piston- 
rod, arranged with a double annular cam and spiral grooves, in its movements performs thiw im¬ 
portant functions; 1. The movement of the valve admitting the steam or cmnpresscd air to the 
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cylinder. 2. By the operation of the annular cam acting upon the feeding device, the cylinder 
is moved forward (as the rock is penetrated) in the cage or slide. 8. By the spiral grooves 
and a spline in the ratchet, the piston-bar is automatically rotated, a partial revolution taking 
place at each upward movement of the piston, the ratchet remaining perfectly stationary while the 
rotating movement occurs, and moving only as the piston again descends. When the cylinder has 
been fed forward the entire length of the feed-screw, it may be run back, and a longer drill-point 
inserted in the end of the piston. By an ingenious peculiarity in the form of the cutting edge of the 
drill-point, perfectly round holes are insured, thus giving a great¬ 
er area to the whole, and a larger percentage of the powder 
near its bottom. 

The drilling machine is attached to a clamp by means of a cir- 
cular plate, with a beveled edge cast upon the bottom of the cage 
near its centre. This plate fits a corresponding cavity in one side 
of the clamp, and is held there firmly in any required position 
by the tightening of screws. The clamp is clasped about a bar 
of iron, to which it may be tightly held by screws. 

By the motions—upon one plane, of the plate in its cavity, 
and upon another, at a right angle to the first, of the clamp upon 
the bar, and the sliding endwise of the clamp upon the bar—it 
will be seen at once that any position and direction of the drill 
is attainable. It only remains to attach the bar, of any reason¬ 
able length, to a convenient carriage or frame, and the machinery 
is ready for operation. 

These macMnes are applicable to all kinds of rock-work, wheth¬ 
er mining, quarrying, cutting, tunneling, or submarine drilling. 

They combine simplicity, strength, lightness, and compactness, 
are easily handled, and require but few repairs. With them, it 
is stated, holes may be drilled from three-fourths of an inch to 
6 in. diameter, and to a depth not exceeding 80 to 85 ft., at the 
rate of from 2 to 10 in. per minute, according to the nature of 
the rodL. They are driven by either steam or compressed air as 
a motor, and, at a pressure of 60 lbs. to the inch, work at 200 to 
800 blows per minute, according to the size of the machine. 

The details of construction will be understood from the follow¬ 
ing references to the sectional view. Fig. 8698: C7' is the cage; 

C X, the cylinder; X, the yoke; i?*81 the feed-screw; B (7, the 
back cap; i?, the rubber buffer; B Hy the back head; ( 7 , the 
chuck; Sy the stuffer; FHy the front head; F”y the valve-rod 
packing; P, the piston; P', the piston-packing; Ty the tappets; 

SCy the steam-chest; XP, the valve-rod; X, the valve; and 
X Sy the valve-starter. 

Fig. 8699 represents a stoping-drill mounted on a column, with 
a claw-foot and a jack-screw at top for securing the same in up¬ 
right position. This is peculiarly adapted to small tunnels, adits, 
and stopes, from 4^ x ft. to 6 x 6 ft., or even larger drifts. It 
is largely used in the mines of California and Nevada. 

Fig. 3700 represents a carriage for mounting four drills upon 
two bars, the lower of which may be raised and lowered by means 
of chains, pulleys, and a windlass. The apparatus is constructed 
with an open space of from 4 to 16 ft. in the clear, between the 
two sides, so that it may be run in as soon after a blast as the 
track can be cleared by throwing the rock into the centre. Drill¬ 
ing can thus be resumed with but little loss of time, and the re¬ 
moval of the rock proceed simultaneously by means of small cars 
running upon a narrow-gauge track laid inside the carriage-track. 

It has jack-screws to raise it from the wheels during the drilling, 
and is held in place, like the smaller carriage, by screws nmning 
out from the ends of the upper bar, or up from the frame to the 
roof of the tunnel. It is construct^ of wood and iron, and runs 
upon iron car-wheels. A timnel 8 ft. in height, and from 10 to 
16 ft. wide, can be constructed by the use of this carriage; and, 
by means of an enlargement carriage, the size can be increased 
in height and width sufficiently for any purpose for which a tun¬ 
nel will ever be needed. For nmning a double-track railroad 
tunnel, two carriages of this form are commonly used side by side, 
the great Sutro Tunnel of Nevada. 

The following data exhibit the capacity of this drill at the Hoosac Tunnel, from report of Mr. W. 
Shanly, contractor; 

Memorandum of Drilling in Heading from Central Shaft, August 11th to 27th—10 Shifts.—Total 
time occupied in drilling, 88 hours 40 minutes = 2,820 minutes. Total number of holes drilled, 120. 
Total number of inches drilled, 16,948, Average depth of holes, 11 ft. 8 in. Average number of 
drills used each shift, 6. Average number of inches drilled to the minute, 7A% Average number 
performed by each machine each minute, It^^. In doing above work, drill-points were changed 694 



This style of carriage is used in 
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ciple of boring with the diamond drill is the same, the 
changes, being applicable to any kind of rock-drilling, 
mineral lands, a machine is used with a double 
oscillating-cylinder engine, mounted on an up¬ 
right or horizontal tubular boiler, Fig. 3701. 

The capacity of the engine varies according to 
the depth and size of hole requiring to be bored. 

These machines have a screw-shaft made of 
heavy hydraulic tubing, from 6 to 7 ft. in 
length, with a deep screw cut on the outside. 

The shaft also carries a spline by which it is 
feathered to the lower sleeve-gear. This gear 


times. Average number of inches drilled 
by each point, say, 24^. The maximum 
sMfts-work, including above, was on Au¬ 
gust 17th, 6.30 ▲. M. to 9 A. M., 24 hours. 
Number of holes drilled, 12. Number of 
inches drilled, 1,72S. Number of minutes 
occupied in drilling, 150. Average of inches 
drilled per minute, II 4 . Number of ma¬ 
chines used, 6. Average inches per minute 
each drill, Drill-points changed, 61 

times. Average inches to each point, 28^. 

The above work represents the centre 
cuts taken out between the dates given. 
The balance of the 17 days were occupied 
in squaring the cuts. The advance n^e 
in heading, August 11th to 27th inclusive, 
was 107 ft 

The following statement from the Sutro 
Tunnel Company, of Nevada, is official: 

Sutro Tunnel Co., June 30, 1875.—Com- 
menced in October, 1869, run 4 years by 
hand, size 4| x &—5,200 ft Thirteen 
months since the drills were introduced 
and the size of tunnel increased to 8 x 12. 
Run in 13 months, 4,278 ft Average 
weekly progress, 70 ft. Expense by band- 
labor, which included pumping, monthly, 
$34,000 to $60,000. Expense by machine 
(pumping abandoned), monthly, $14,000 
to $16,000. 

The Diamond Drill ,—The general prin- 
different machines, by comparatively slight 
For deep boring, for wells, or prospecting 

3701. 


8700. 


is double, and connects by its upper teeth with 
a beveled driving-gear, and by its lower teeth 
with a release gear, which is a frictional gear, 
and is fitted to the lower end of the feed-shaft, 
to the top of which a gear is feathered, fitting 
to the upper gear on the screw-shaft, which has 
one or more teeth less than the upper gear on 
the feed-shaft, whereby a differential feed is pro¬ 
duced. This frictional gear is attached to the 
bottom of the feed-shaft by a friction-nut, thus 
producing a combined differential and frictional feed. 


The drill-rod, made of heavy lap-weld tubing. 


passes through the screw-shaft, and is held firm by a chuck at the bottom of the screw-shaft. To the 
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lower end of this tubular boring-rod the bit is screwed, and to the upper end a water-swivel, to which 
connection is made with the steam-pump, as shown in the illustration. By means of this pump a 
constant stream of water is forced down through the hollow drill-rod, thereby keeping the bit cool and 
the hole bored clear of sediment, which is forced by the water-pressure up the outside of the rods 
to the surface. The hollow bit is a steel thimble, having three rows of ^amonds (bort or carbon) 
imbedded therein, so that the edges of those in one row project from its face, while the edges of those 
in the other two rows project from the outer and inner periphery respectively {A, Fig. 3702). The 

87oa. 


diamonds of the first-mentioned row cut the path of the drill in its forward progress, while those 
upon the outer and inner periphery of the tool enlarge the cavity around the same, and admit the 
free ingress and egress of the water, as above described. 

The screw-shaft, being rotated and fed forward, rotates the drill-rod and bit, and, ns the bit passes 
into the rock, cutting an annular channel, that portion of the stone encircled by this channel is of 
course undisturbed; the core-barrel, passing down over it, preserves it intact until the rods are with¬ 
drawn, when the solid cylinder thus formed is brought up with them, the core-lifter breaking it at 
the bottom of the hole and securely wedging and holding it in the core-barrel. Where a core is not 
required, the perforated boring-head (.B) can be used, the detritus being washed out by the water 
inserted through the drill-rod, the same as when boring with the hollow bit. In order to run the 
screw-shaft back after it has been fed forward its full length, it is only necessary to release the 
chuck and to loosen the nut on the frictional gear, which allows the gear to run loose; then the 
screw-shaft will run up with the same motion which carried it down, but w ith a velocity 60 times 
greater; that is, the speed with which the screw-shaft feeds up is to the speed with which it fed 
the drill down as 60 to 1, the revolving velocity in both cases being the same. By tightening up 
the chuck and nut on the frictional gear, the drill is ready for another run. The drill-rods may 
be extended to any desired length by simply adding fresh pieces of tubing, the successive lengths 
being quickly coupled together by an inside shoulder-nipple coupling, made of the best of forged 
iron, and having a hole bored through the centre to admit passage of the water. In order to with¬ 
draw the drill-rods, they are uncoupled below the chuck, and the swivel-head, which is hinged, unbolted 
and swung back, thereby moving the screw-shaft to one side, and affording a clearance for the rods 
to be raised by the hoisting gear on the machine, without moving the drill. By the erection of a 
derrick of sufficient height, it will be necessary to break joints only once in every 40 or 60 ft. 

One of the most thorough records we have of the cost of work by the diamond drill is in a paper 
read before the Amejican Institute of Mining Engineers, June, 1876, by Mr. Lewis A. Riley, Chief 
Engineer of the Locust Mountain Coal Company.* The results given were obtained, during the years 
lS76-’76, by means of two drilling machines belonging to the Lehigh Valley Coal Company, and 
operating on their coal-land in the Mahanoy, Lehigh, and Wyoming regions. The majority of the 
holes were put down for the purpose of proving the lower veins of the coal-series; they had to 
encounter the harder rocks of the coal-formation, much of the distance being through the lower 
conglomerates, going in some cases through the coarse egg conglomerate, the foundation of the coal- 
deposit, and to the greenstone and red shale which underlie it. The boring was done with a No. 2 
drill, of an improved design, of large size, with oscillating engine of 15 horse-power. During one 
year it drilled 9 holes, of a total length of 4,662 ft., without being once repaired, or incurring any 
cost outside of the ordinary running expenses. The deepest hole bored was 900.6 ft. long. The 
total length of holes bored was 9,901 ft.; the average progress per day, 18.9 ft. The average cost 
per foot was |2.22, viz.: for labor, $1.16; for diamonds, 66 cts.; for supplies, repairs, etc., 41 cts. 

The Ingersoll Drill is represent^ in Fig. 3703, which is a longitudinal section; 1 being the feed; 
2, exhaust; 3, valve ; 4, ports; 6, valve-stems; 6, tappet; 7, piston; 8, an 8-inch thread-screw fitting 
into the piston, which thereby receives the rotary motion necessary; 9, tappet, from which the motion 
is communicated by the bar, 10, to a pawl and ratchet movement acting on the feed-screw 11. 

T%e McKean Drills Fig. 3704.—The turning movement of this drill is effected by means of a 
cylindrical enlargement formed on the piston-rod. Spiral grooves are cut in the face of this enlarge¬ 
ment, which is constantly in gear with a spirally grooved cylinder placed parallel to the piston-rod, 
and capable of revolving. On the return stroke of the piston the cylinder is maintained by a ratchet 
motion in a fixed position, while the piston-rod, sliding upward in gear with the cylinder, is neces¬ 
sarily turned on its axis to a degree proportionate to the twist of the spiral and the length of 
the return stroke; thus the new angular position of the jumper is secured. During the forward 
stroke the spiral cylinder docs not influence the piston-rod, which moves straight forward, and, on 
the contrary, turns the cylinder on its own axis. On the next back stroke the piston-rod is again 
seized by the spiral cylinder, which is now brought up with its ratchet detent, and is turned round, 
as before, preparatory to making the next forward stroke. The compressed air is supplied to or 
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exhausted from the cylinder through a hollow oscillating cylindrical valve. This is moved by tappets, 
the action of which is also utilized for effecting the feed, which, by a combination of ratchet-wheel 
and screw, may be minutely graduated. 
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At a test of this machine at the St. Gothard tunnei, in 1874, it was found to bore 1.4 inch per minute. 

The Fenroux DrUl^ Fig. 8705.—This consists of two cylinders, set end to end, and fitted with pis¬ 
tons, rods, and a frame in the machine for tunnels, while in the machine for mines and shaft-sinking, 
etc., the cylinders are set side by side one above the other. The one is called the propelling cylin¬ 
der, and the other the boring cylinder; the propeller feeds the borer up to its work. The com¬ 
pressed air is introduced into the machine through a cock, and enters the first cylinder Z, which is 
the propeller cylinder; in this is placed the piston Jf, fixed on a tubular rod the other end of 
which is securely fixed to the boring-cylinder in winch reciprocate the piston O and the boring- 
rod B, The compressed air entering at I produces three actions: First, it presses before it, in a 
continuous manner, the boring-cylinder toward the rock to be perforated; and when the borer has 
pierced the rock to a depth equal to the ** pitch of a tooth respectively, in a pair of racks fitted to 
the upper part of A A, the boring-rod Z, by means of a collar C affix^ on it, now raises a forked 
lever i>, which is provided with a pair of projections acting as pawls on the racks fixed on A A, 
and the borer is urged forward a distance equal to one notch of the rack. The boring-cylinder is 
thus, as it were, consolidated 
with the action of the borer, 
but it is necessary that it 
should be also in a sense op¬ 
posed to it; it is therefore 
provided with two small cylin¬ 
ders AT A", arranged horizontal¬ 
ly, as at CD; in each of these 
works a piston, so formed on 
its outer side as to act as a 
pawl, which engages in the 
teeth of the rack formed on 
the inner face of each of the 
frame-bars A A. It will be 
seen that the action of these 
pawis is the reverse of those 
regulating the forward move¬ 
ment of the propeller, and 
they operate to prevent any 
greater degree of recoil on the 
part of the borer upon the 
propeller than the pitch of a 
tooth in the racks; so that, 
while such pitch admits of an 
elastic cushion to soften the 
recoil action and prevent frac¬ 
ture, at the same time the play 
is too limited to vitiate the 
boring action. As the pistons 
in A'X are subject to the ac¬ 
tion of the compressed air, 
they arc thus kept forced into 
the ratchet-teeth, while their 
oblique leading faces prevent 
them from obstructing the 
feed-movement. 

The second action of the 
compressed air is to operate 
through the hollow rod and 
supply power to actuate the 
boring-piston 0 in the cylin¬ 
der T. The air enters the 
valve-box P, and is alternate¬ 
ly admitted before and behind 
the piston 0 by the slide- 
valve Q in the box P. 

The third action of the com¬ 
pressed air is to actuate the 
air-engine at the rear of the 
propeller-cylinder Z. This 
engine is constituted of a cyl¬ 
inder within, which works a 
piston with a trunk-rod /?, 
over which is a crank and 
shaft united to the piston by 
a connecting-rod. The crank is a slotted one, having on the one side an eccentric to shift the slide- 
valve for its own blinder, and at the other side a socket-sleeve into which the end of the long shaft 
S is fixed, ^yond the bracket supporting this end of the shaft is a fly-wheel of exceedingly small 
diameter, so as to economize room for the headings, but wide enough to secure weight sufficient for 
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steady working. The shaft S is prolonged and supported in another bracket at the boring-bar end 
of the machine, and beyond it is an eccentric which actuates a reciprocating ratchet which engages in 
the ratchet-wheel V on the boring-bar, giving it an intermitting rotary movement of one tooth-pitch 
at each blow dealt by the tool upon the rock. To withdraw the tool from its work, it is only neces¬ 
sary to close the cock / and open that at«/', when the air which pushed the machine forward escapes, 
and the compressed air passing through J goes along the pipe KK to the front side of the piston 
Jf and forces it back, which withdraws the tool and closes up the machine like a telescope. A 
socket Y serves to fix it to any supporting machine. 

The following test of the Ferroux drill was made at the St Gothard tunnel, the experiment being 
to bore 320 ft. of holes with 6 machines: Total time of boring and of changing the drills and the 
machines when worn or disabled, 15.9 hours; total length per minute with 6 madiinea, 4.2 inches; 
for each machine .7 inch; number of fresh drills used, 621; machines disabled or removed for repair, 
3.5; rock, granitic gneiss.* 

'JTie Dubois and Francois Drills Fig. 3706.—^This machine consists of four parts: a gun-metal cylin¬ 
der, a distribution-valve, a piston carrying the drill-holders, and a frame formed of two bearers. The 
compressed air employed to work it enters the cylinder closed at the ends by the pistons B C, 
which are connected together by the frame carrying the valve D. The diameter of the piston C 
being greater than that of the air-pressure forces the whole of this combination toward the right, 
the port is opened, aud the compressed air enters the cylinder and drives the piston and drill at¬ 
tached to it against the face of the rock. But during the operation the compressed air in the cham¬ 
ber A passes by the porta i i behind the piston (7, and reverses the motion; the combination BCD 
is then moved to the left; another port is opened, and the air-pressure is exerted behind the piston 

while the air which was previously used to drive the piston forward escapes into the atmosphere. 
The piston then returns, but before arriving at the end of its stroke, and by means of a swelling on 
the piston-rod, the finger H is lilted. The compressed air behind the piston C then esca|>es into the 
atmosphere, and the apparatus is thus in a condition to repeat the operation first descril^ of deliv¬ 
ering a second blow upon the face of the rock. By this arrangement it will be seen that, while the 
compressed air acts instantaneously on the piston in making a stroke, it acts only progressively in 
returning; it will also be seen that, by changing the diameter of the small opening «, the speed of 
the machine will be modified. 

The rotation of the drill is effected by ipeans of the two pistons, which are subjected alternately to 
the compressed air, and transmit their motion to a ratchet and other mechanism. The forward motion 
of the cylinder, as the depth of the hole in the rock increases, is effected by turning the handle and 
the screw Y. 

At the St. Gothard works, six of these drills arc mounted on a carriage-frame, as illustrated in Fi:?. 

8707. 

Six machines of the Dubois and Fran 9 ois type, at the St. Gothard tunnel, in competition with Fer¬ 
roux drills, gave the following results: f Total time in boring and in changing the drills and machines 
when worn or disabled, 24.3 hours; total length per minute with 6 machines, 2.74 inches; with each 
machine, .46 inch; number of fresh drills used, 668; number of machines disabled and removed for 
repairs, 6.3; rock, granitic gneiss. 

Works for Reference. —See “Tunneling, Rock-Drilling, and Blasting,” Drinker, New York, 1878; 
in which copious lists of works for reference will be found, and from which extracts have (by per¬ 
mission) been embodied in the foregoing article. 

ROCKET. See Life-sayinq Apparatus. 

ROLLER. See Agricultural Machimert, and Leather-working Machinery. 

ROLLS. See Breakers or Crushers, and Iron-working Machinery. 

ROTARY BLOWER. See Blowers. 

ROTARY ENGINE. See Engines, Steam, Stationary (Rotary). 

ROTARY FURNACE. See Iron-making Processes — Puddling. 

ROTARY PUMP. See Pumps. 

ROUNDING AND STRAIGHTENING MACHINE. See Iron-wordno Machinery. 

ROVING FRAME. Sec Cotto.n-spinning Machinery, and Flax, Machinery for pREPARAnoN, etc. 

RULE. An instrument chiefly used for making linear measurements. It is divided into inches 
and fractions, and is usually jointed, so that it may be folded up and carried in the pocket Roles 



used by some classes of artificers are, however, made in a single piece. A clinometer rule h repre¬ 
sented in Figs. 3708 and 3709. In one of the legs is set a small spirit-level, and this leg has a 

* Simm't ^ Practical TunDeling," dd edition. t Ibid. 
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pivoted branch folding into a cavity in the other leg; so that the implement may be used as clinome¬ 
ter or slope-level, plumb, square, bevel, protractor, or T-square, and in combination or with a straight¬ 
edge as a parallel ruler. Some rules have a slider in one leg; in Gunter’s scale this is engraved 
and graduated with figures. 

The use of Gunter’s rule is best explained by a description of the line called the line of numbers, 
which is a logarithmic scale of proportions, and enables problems to be easily solved, as shown by 
the following examples. It is usually divided into two parts, every tenth of which is numbered, 
beginning with 1 and ending with 10; so that, if the first great division stand for one-tenth of an 
integer, the next great division will stand for two-tenths, and the intermediate divisions will repre¬ 
sent hundredths of an Integer, while the large divisions beyond 10 will represent units; and if the 
first set of large divisions represent units, the subdivisions will indicate tenths, while the second set 
of large divisions will represent tens, and the subdivisions units, etc. The general rule for using this 
instrument is as follows: Since all questions are reducible to proportions, if the compass be extended 
from the first term to the third, the same extent will reach from the second to the fourth term. 

Examples. —1. To find the product of any two numbers, as 4 and 8: Extend the compass from 1 
to the multiplier 4, and the same extent applied the same way from 8, the multiplicand, will reach the 
product, 82. 2. To divide one number by another, as 86 by 4 : Extend the compass from 4 to 1, and 

the same extent will reach from 86 to 9. 8. To find a fourth proportional to three given numbers, as 

6, 8, and 9 : Extend the compass from 6 to 8, and this extent laid the same way will reach to 12, the 
fourth proportional required. 4. To extract the square root of a number, say 25: Bisect the dis¬ 
tance between 1 on the scale and the point representing 25; then half this set off from 1 will 
giv^ the point 5, which is the root required. 

The slide-rule as now constructed obviates the use of the compass. There arc two lines of num¬ 
bers placed one above the other, one of which lines is engrav^ upon a slide moving in a groove. 
The mode of use is to place the first term of the proportional upon the slider against the thiid tenn 
on the fixed scale, when the second term upon the slider will stand opposite the fourth term on the 
scale. (See “The Slide-Rule and How to Use It,” Hoarc, London, 1868.) 

A very accurate rule for ordinary use is made of Steel in ti iangular form. It is not open to the 
common objection that the edges of rules often become rounded, so that they cannot be approxi¬ 
mated suflSciently close to fine work for accurate readings. 

Fig. 3710 represents a key-seat rule placed upon a shaft. It is obvious that the edge of the rule 
will always stand parallel with 
the shaft, and hence will serve 
as a guide to m.'irk the lines 
to denote where a key-way is 
to be cut. 

Fig. 3711 shows a caliper 
rule made by Messrs. Darling, 

Brown, k Sharpe. The oppo¬ 
site side to that shown in 
the illustration is divided into 
12th8, 24ths, 48ths, 8ths, and 
28ths on the outside, and upon the slide into 32ds and 64ths of an inch. When closed, this rule is 
3 inches long. The caliper can be drawn out to measure 2^ inches. The thickness of the rule is 
one-eighth of an inch. These rules are divided in four ways: A, divided on outside like cut, on slide 
to 32ds and 64ths; B, divided on outside like cut, on slide to 64ths and lOOths; C, divided on out¬ 
side to Sths, 16ths, 32ds, and 64ths, on slide to 32ds and 64ths; D, divided on outside to 8ths, 16ths, 

32da, and 64ths, on slide to 64ths and lOOths. Others arc 
divided for button gauges., on outside to 16ths, 20ths, 82ds, and 
40ths, and on slide to 40ths and SOths of inches. 

Pattern-makers use a rule the dimensions of which are made 
a certain per cent, longer than standard measure. Iron cast 
ings shrink on cooling about 1 per cent., or one-eighth of an 
inch to a foot. The patterns therefore require to be propor¬ 
tionately larger. By using a rule one-eighth of an inch in a 
foot longer than the standard, every measurement of the pattern is made proportionately larger 
without the trouble of calculation. When a wooden pattern is made from which an iron pattern 
is to be cast, the latter being intended to serve as the permanent foundry pattern, as there are two 
shrinkages to allow for, a double-contraction rule is employed, or one in which the measurements are 
in excess one-quarter of an inch in every foot, for iron. 

RULING ENGINE. Sec Ditidino Maczixe, 
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SAFE-LOCK. See Locks. 

SAFES for the storage and protection of valuables may be divided into three classes: 1. Fire¬ 
proof safes; 2. Burglar-proof safes; 3. Safes both fire- and burglar-proof. The last are usually 
fire-proof safes inclosing burglar-proof boxes. 

Fire-Proof Safes. —^The essential requirements of a fire-proof safe are: 1. The generation of steam 
in the filling, or more properly the safe-lining, for nothing bums within a safe when the filling gives 
off steam at 212® F.; 2. To continue this generation the longest possible time, in order to save con¬ 
tents during a protracted fire; 3. The maintenance of such properties within the safe as will generate 
steam when called upon; 4. The prevention of mould or dampness within the safe, or of oxidation 
to the iron frame of the exterior. 

To fulfill these conditions, various substances arc used as filling. Safes have been built containing 
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pipes or cans filled with water, the receptacles being soldered or provided with plugs of fusible metal, 
which on melting allows of the escape of the water. This combination has not proved successful 
Substances containing water, such as alum, have been found more advantageous. Alum contains 50 
per cent, of its bulk in water of crystallization, which is readily converted into steam at a high tem¬ 
perature. Among the other materials used for filling are soapstone, alum and plaster, copperas and 
gypsum, paper-pulp and alum, tiles, alum and clay, asbestos with gypsum, 
alum, etc., raw cotton, saw-dust and whiting, hydraulic cement, etc. 

In the construction of the ironwork of a safe, the chief requirement is 
strength, so that the chest may fall from garret to cellar of the highest build¬ 
ing without injury. The thickness of the filling should not be less than six 
inches; and the hinges, locks, flanges, etc., should be so contrived as to con¬ 
duct the least possible amount of heat to the interior. Various types of safes 
of improved construction are described below. 

The Butler Fire-Proof Safe has walls of heavy boiler-plate fastened to 
angle-iron frames, which are welded at the comers so as to be solidly con¬ 
nected, as shown in Fig. 8712. This is claimed to give strength and to pre¬ 
vent bulging or separation of the frame. The top and side angles of the safe are in one piece, and 
are strongly bolted to the front and back frames. The arrangement of filling in this safe is shown 
in the sectional view, Fig. 8713, which will serve to represent the general mode of construction of all 
fire-proof safes. The filling materials in the present case are first two inches of fine cement, and 

then four inches of alum and plts- 
3713 . ter. A cup-shaped mass of filling 

surrounds the lock and prevents 
conduction of heat thereby. 

MarvifCt Fire-Proof Safe is 
made with heavy iron frames weld¬ 
ed, the front and back plates being 
surrounded by a heavy w^ough^ 
iron hoop. The side comers are 
of angle-iron strongly bolted to the 
hoops and frames, as shown in Fig. 
3714. The filling is of dry plaster 
and alum, the latter material be¬ 
ing distributed in lumps through¬ 
out the plaster. The doors hare 
four flanges, and close with a tight 
joint. 

Herring's Fire-Proof Safe is 
constract^ substantially similar 
to the foregoing. The iron-hoop 
frame, however, is heavier, and is 
differently bolted to the angle- 
irons. The body of the safe is 
of wrought iron. The filling is a 
double sulphate of lime derived 
from the residuum of soda-water 
manufacture. This material is dry 
and unchangeable at normal tem¬ 
peratures, but at a heat of 1000" 
F.—red heat of iron—it gives off 
carbonic-acid gas in large quanti¬ 
ties. With this substance plaster 
of Paris and alum are also used, these materials giving off steam; so that under a high temperature 
the safe becomes enveloped in an atmosphere of mingled watery vapor and carbonic-acid gas. 

Burolar-Proof Safes are of two kinds^either solid or built up. Solid safes arc cast in one or 
more parts; built-up safes, as the name indicates, consist of plates of metal connected to a heavy 
frame. The best burglar-proof safe is that one which, when attacked, will longest protect its contents. 
No safe is strictly burglar-proof in the sense that an entrance into it 
cannot be effected in course of time and with proper tools. The time in 
which a burglar can work is limited, and rarely exceeds the interval of 
forty hours or so between Saturday afternoon and the following Monday 
morning. It is claimed, therefore, for an efficient burglar-proof safe, 
that it cannot be entered in the above period. The problem to be solved 
in burglar-proof-safe building is to produce a metal or combination of 
metals which will resist the hardest drill, will not lose temper under the 
o.\yhydrogen blow-pipe, and cannot be craeked by blows of a heavy 
sledge; and so to connect the component parts of the structure that they 
cannot be stripped or torn apart by any mechanical device which a burg¬ 
lar can carry. The arbors and spindles of the locks must also be so constructed that they cannot 
be driven in or pulled out. The door must fit exactly; the minutest crack around it will offer an 
entrance for fine wedges. Its joints must be carefully packed to prevent the blowing in of mealed 
powder. 

Of the two kinds of safe above mentioned, those that are built up of plates and frames arc by far 
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the moet numerous. There are three principal forms of solid safe: Marvin’s, cast in globular form 
of chrome steel; Herring’s, cast from franklinite iron; and Corliss’s, made of cast iron surrounding 
a wrought-iron basket-work. These safes are of limited capacity, as it is difficult to make the 
necessary large castings without flaws; and it is very doubtful whether they offer the advantages of 
the built-up variety. 

The mode of constructing built-up safes differs with nearly every maker. The materials, however, 
are the same, namely, hard and soft steel, cast and wrought iron. The steel and wrought iron are 
made into plates, and these are usually welded together. 

The frames are generally very massive, and the sets of 
plates are connected by large numbers of rivets or 
screws. The construction of various forms of safes 
is described below. 

The Herring Burglar-Proof Safcy manufactured by 
Messrs. Herring & Co. of New York, is made as fol¬ 
lows : The outside or body of the safe is of wrought 
iron, or patent high and low steel, welded. The front 
and back frames, as shown in Fig. 8716, have solid 
welded angles, and, being finished flush with the body 
of the safe, offer no joints or crevices for the introduc¬ 
tion of a wedge. The sectional view. Fig. 8716, shows 
the arrangement of the different layers of metal. The 
outside envelope is of boiler iron; then follow layers 
of high and low steel, namely: 1, Bessemer low steel; 

2, cast steel; 8, Bessemer ductile steel; 4, chrome cast 
steel; 6, Bessemer soft steel. These plates are piled 
in a furnace, heated to the welding point, and then 
rolled into a solid mass. Connected to this series of 
plates by conical bolts is a plate of iron, then four 
more places of high and low steel—all of these layers 
ranging from one-half to three-fourths of an inch in 
thii^ess. The franklinite plate which follows is the 
distinctive feature of the Herring construction. Frank¬ 
linite is a mineral composed of peroxide of iron, oxide 
of zinc, and oxide of manganese, and is found in Sussex Co., N. J. The pig iron produced is almost 
identicsd in character, appearance, and structure with the best lamellar iron made from the spathic 
ores of Siegen and Musen in Germany. Its fracture shows large and brilliant silver-white lamellar 
facets, sometimes beautifully crystalUzcd, and so bard as to cut glass. The iron is melted, and to 
form the plate is poured around a wrought-iron basket-work. In it are placed the rivets which re¬ 
ceive the innermost |-inch iron plate. All of these layers of metal are secured together by conical 

bolts with steel heads, 
which do not pass 
directly through the 
safe and are irregular¬ 
ly placed. A strong 
tongue is fixed all 
round the door, pro¬ 
jecting from its inner 
surface. A similar 
tongue is made on 
the jamb of the safe, 
agai^t which the door 
closes. This tongue is 
made to fit inside of 
the tongue projecting 
from the inside sur¬ 
face of the door, so as 
to form a groove or 
channel all around the 
doorway, to receive the 
projecting tongue on 
the door. In this 
groove or channel is 
placed a packing, so 
that when the door is 
closed by means of a 
cam-binge it keys the 

whole structure, and the sides cannot be caused to spring or bulge from the edges of the door by 
wedging. The rubber packing mokes an air-tight joint, and protects against the introduction of 
explosives. 

Probably the most severe tests to which any system of burglar-proof construction has ever been 
subjected were made on a representative section of the Herring safe on Oct. 1-8,1879, by Park Ben¬ 
jamin’s Scientific Expert Office of New York, expressly for this work. The trials were conducted by 
Mr. Uiebard H. Buel, C. E. The plate furnish^ for test was 12 in. square, and was composed of 
104 
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8717. alternate sections of hard and 

soft steel welded together, frank- 
linite, and a lining of soh iron. 
The thickness of the various 
materials was as follows: Steel, 
2.6 in.; franklin!te, 2.1 in.; soft 
iron, 0.42 in.; total thiclmess, 
5.12 in. Drills of the best hard¬ 
ened steel were used. These 
were held in a drill-press, the 
feed of which was worked by 
two men. It was determined 
that no impression could be 
made on the franklinite under 
a pressure of 4,000 lbs., and 
the maximum working pressure 
was 12,000 lbs. Under these 
pressures, time not being taken 
into account, a hole five-eighths 
of an inch in diameter at the 
beginning and one-half of an 
inch at the end was made in 
the franklinite portion. 

The regular test, limited to 
24 hours* consecutive work, was 
begun on October 1st, the effort being to make a hole 1^ in. in diameter through the section. The 
outer soft-steel portion of the plate was readily penetrated with the drill, but the tool was stopped 
on reaching the inner layer of hardened steel, the 
only effect of increased pressure being to wear 
away the drill. This result occurred whenever, in 
passing through the steel strata, a layer of hard 
steel was reached. By appljing the flame of a 
powerful compound blow-pipe, however, the tem¬ 
per of the steel was drawn and the material was 
rendered soft enough to be penetrated. In the 
test under consideration the plate was heated 31 
times, and the blow-pipe was in use for 6 hours 
and 6 minutes. The time employed in actual 
drilling was 3 hours and 2 minutes, making a 
total period of 9 hours and 7 minutes used in 
piercing the steel. Three experienced men were 
employed at the drill-press, one at the ratchet, 
and two at the feed, and acting as reliefs at the 
lever. This was essential, as, although the ratch¬ 
et-lever was 3 ft. in length, the labor of working 
it under heavy pressure was so great that one 
man could operate but for a short time before 
becoming fatigued. The following table shows: 

1, the actual drilling time employ^ on each day, 
by which is meant the exact period intervening 
between the insertion of the drill and its removal, 
and the time during which the blow-pipe was used; 

2, the working time, which includes the foregoing 
and also that consumed in cleaning out the hole after the drills had been broken in it, making measure¬ 
ments of penetration, etc.; 3, the progress made in penetration; and 4, the number of drills used: 


DATS. 

AetiMl DriUlng Him. 

Working TUxm. 

Pmetmtion. 

Noxnbtr vi Drflla j 
mtd. 1 



Htu 

Min. 

Hn. 

Min. 

inebet. 


October 1. 

2 

58 

8 

.■iO 

0.9875 

!4 


2. 

6 

9 

7 

59 

1.M25 

84 

U 

a . . 

4 

8 

4 

29 

0.26 

17 

u 

4. 

8 

1 

8 

26 

0.14 

18 

** 

6. 

8 

25 

4 

10 

0.47 

29 

u 

7. 

5 

48 

6 

49 

0.54 

24 

44 

8. 

0 

17 



0.08 


Totals. 

25 


30 

58 

8.69 

1 125 


It was considered as proved that no burglar could duplicate the conditions under which the tost was 
made, and that, despite the advantages of these, the failure to pierce the franklinite by more than 
.25 of an inch was entirely due to the refractory nature of the materials used in the construction. 
Two views of Herring burglar-proof safes are given in Hgs. 3717 and 3718. Fig. 3717 represents 
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the burglar-proof banker’s chest, showing three chests, one within the other. Fig. 8718 shows the 
construction of a bank-vault door, the vault itself being built of masonry. 

Marvin'» Burglar-Proof Safe^ made by Marvin k Co. of New York, is represented in section in 
Fig. 3719. It is made with solid wrought-iron angle frames welded at all comers, with alternate 
plates of wrought iron and five-ply welded steel and iron combined. Each plate is confined in place 
by heavy steel and iron screws, with heads pointing inward. No two screws are allowed to come in 
line. The plates are held together by heavy steel-headed conical bolts, with nuts on the inside, over 
which the end of the bolt is riveted. To prevent entrance through the walls by drilling a single layer 
at a time, and introducing powder 
to blow it off, all the interstices 
between the plates are filled with 
cement which hardens with age. 

The comers are lapped with weld¬ 
ed steel and iron. The door has 
a double tongue and groove con¬ 
structed so as to operate without 
the crane-hinge. The spindles and 
lockwork are made drill-proof, and 
are built into the doors with shoul¬ 
ders as shown. 

The Buder Burglar-Proof Safe. 

-Fig. 3720 represents a section 
of the safe manufactured by the 
Butler Safe Company of New York. 

It is constracted of alternate plates 
of steel and iron welded together, 
with the comers made solid and 
bent. The plates are connected 
by bolts, rivets, and screws, which 
are made of iron and steel welded 
and twisted. The spindle is made 
in two parts, and is of the same material as the body of the safe. The outer portion of the spindle 
enters the door half-way, and operates on the inner part, which passes through the remainder of the 
door. It is impossible to drive this spindle in, as half the body of the door is behind it. 

Burglars’ Implemsnts. —^The tools used by burglars in effecting entrance to safes are the jimmy, 
wedges, and drills. The jimmy is simply a short steel bar, having its point bent to a right angle 
or curved, and fiattened sufSciently to enter a moderate-sized crack. It serves as a lever to wrench 
open doors or pull plates asunder. A sectional jimmy is the ordinary tool, with a handle composed 
of sections which are screwed together. Tools of this kind have been captured measuring 11 ft. 

in length, the leverage 
gained by which is of 
course enormous. In at¬ 
tacking a safe by the 
door, the burglar usual¬ 
ly attempts to introduce 
powder. To this end he 
putties the crack care¬ 
fully except at two places 
a couple of inches or so 
in length each. At one 
of these he affixes a cup 
or trough, to which is 
connected a mbber pipe 
leading to a small port¬ 
able air-pump. In the 
other aperture he inserts 
a thin card on which 
mealed powder is slowly 
poured. By operating 
the air-pump, the air is 
exhaust^ in the safe, 
and the powder is grad¬ 
ually drawn in around 

the door. It remains only to apply the match, and the door is blown outward, either tom from its 
bolt-work or else bulged so far as to adroit of the introduction of a jimmy and its easy wrenching 
off. 'Where powder cannot be used, the burglar attempts wedging. The wedges are simply small 
pieces of oak or steel, which are driven into the crack until an opeLing suflScient for the introduc¬ 
tion of jimmies is effected. Drills are always of the finest tempered steel, and are often employed 
In connection with the blow-pipe, which is used to draw the temper and thus soften the plates. 
When a small hole is once made in the safe, the introduction of a dynamite cartridge speedily blows 
off the door. G. H, B. 

SAFETY-LAMPS. See Lamps, Safety. 

SAFETY-VALVE. See Boilers, Steam. 
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SAND-BLAST. A process by which common sand, powdered quartz, emery, or any sharp cutdng 
material, is forced or blown upon the surface of any brittle substance, through which means the latter 
is cut, drilled, or engraved. It is the invention of Mr. B. F. Tilghman of Philadelphia. A jet of sand 
impelled by steam of moderate pressure, or even by the blast of an ordinary fan, depolishes glass in 
a few seconds; wood is cut quite rapidly. With a jet issuing under a pressure of 300 lbs., a hole 
has been cut through a piece of corundum in. thick in 26 minutes. A blast of emery oontaimng 
iron ore has abraded a black diamond weigUng 1.2607 grain, so that the latter show^ a loss of 
.0869 grain in 8 minutes. Prof. Osborn Reynolds has analytically examined the principles involred 
in the process. (Sec Philosophical Magazine^ 4th series, xlvi., 837; also “ Report of U. S. Com¬ 
missioners to Vienna Exposition of 1873 (Engineering),” vol. iii., 818.) 

In order to protect surfaces which it is desired shall not be abraded, it is only necessary to cover 
that portion with a stencil of malleable or tough material, such as lead, iron, rubber, leather, or even 
paper. To this list of so-called stencil materials may also be added, os the result of recent experi¬ 
ments, rubber-paint or ink. 

The apparatus in which the blast is produced is constructed and operated as follows; Resting upon 
a framework, and inclosed in a box-like apartment, is a smaller box, open at the top and with sitt¬ 
ing sides, which is filled with the ordinary quartz-sand. At the tottom of this box is a long slit, 
through which the sand flows into the blast-chambet below. The end of the slit is just below the main 
blast-pipe, which leads in from the right. At the bottom of this slit is a device by which the sand 
is convey^ into the blast-chamber, and yet the blast is not allowed to force its way upward. This 
blast-chamber has a curved side, and within this the blast is maintained at such a pressure as the 
nature of the work demands. The sand, having fallen into this receptacle, is at once forced by the 
pressure of the blast down through a second and still harrower slit below, and passes out from it in 
the form of a long, thin sheet. The glass plate to be acted u[)on is pla^ upon a shelf at the left 
and before the opening. A series of small belts, moving over rollers, serve as carriers to the plate, 
which by them is slowly conveyed out of sight and beneath the sheet of falling sand. The instant 
the sand particles come in contact with the polished surface of the glass, the work of “grinding” 
begins, and soon the glass plate appears at the opposite side with a rough but regularly depolirii^ 
surface. The sand in the mean time falls or is blown into a receptacle below, from which it is removed 
by the aid of a screw and hoppers to the box above, to be used over again, so long as the feeding in 
of the glass plates is kept up. The rate at which these plates travel beneath the sand varies from 6 
to 80 in. a minute, according as the nature of the work demands. Where it is desired to cover the 
plate with a pattern, it is evident that the stencils may be adjusted to it before its introduedon into 
the machine. Illustrations of this apparatus will be found in AppUtona' Journal^ July, 1875. 

ApplicationM of the Sand^Blaat .—^The sand-blast has been applied to the cleaning of metal castings 
and sheet metal; the graining of zinc plates for lithographic purposes; the frosting of silver-ware; 
the cutting of figures on stone and glass for jewelry; and the cutting of letters and devices on monu¬ 
ments, tombstones, etc. 

Engraving on glass by the blast is conducted os follows: Having been laid down on a low, flat 
table, the plate is covered over its whole surface with a thin layer of tin foil. Upon this bright 
metallic surface the artist sketches lightly any desired design. The lines of this sketch are made 
with a pencil, and thus appear black. The plate with its coating of tin is then removed, and placed 
over a gently-heated surface, where it receives over its entire face a thin layer of melted wax. This 
latter is sufficiently transparent to permit the lines of the sketch to be seen beneath it When 
the wax has hardened, a third artisan, by the aid of a sharp knife, cuts down through the wax and 
foil along the lines indicated. This being accomplished, the foil, with its coating of wax, is polled 
off from that portion which it is desired to grind or depolish, leaving the rest covered. It is now 
only needed to place the plate with its stencil surface upon the bands or carriers of the machine, and 
the whole rapidly passes imder the sand, and the work is finished; that is, the exposed portions are 
ground, while those parts covered with the tin sheet and its wax coating are untouched. A pliable 
rubber paint is also used, by the aid of which letters and desims are printed on thin paper, and the 
whole sheet thus prepared is placed on the glass plate. The force of the blast tears away the unpro¬ 
tected paper, while that portion which has received the rubber ink is untouched, and thus the surface 
beneath it is unground. It may be seen how, by this method, work may be rapidly dupb’eated. 

The department best illustrating the delicacy with which the sand may be made to do its work, is 
that of copying engravings or even photographs. It is stated that photographic negatives in bichro- 
mated gelatine, from delicate line engravings, have been thus faithfully copied on glass. In photo¬ 
graphic copies in gelatine, taken from nature, the lights and shadows prince films of gela^ of 
different degrees of thickness. A carefully-regulated sand-blast will act upon the glass beneath these 
films more or less powerfully, in proportion to the thickness of the film, and the half-tones or grada¬ 
tions of light and shade are thus pn^uced on the glass. 

One of the most important recently-discovered applications of the sand-blast is to the cutting of files. 
Mr. Tilghman has found that by subjecting worn files to the action of the jet, the cutting edges are 
rapidly renewed, and the file is made sharper than when new. The process is as follows: A stream 
of fine sand, impelled at a high velocity by a jet of steam, is applied to a file at an angle of from 10^ 
to 16° from its face, the file ^ing moved about so that all parts may be acted on. TTie sand for the 
purpose is very fine grit prepared by washing and settling. It is used in the state of very soft sl^ 
drawn from a receiver. The effect upon the teeth of a file which has become duU by wear is to grind 
away some of the metal from the inclined sides of the teeth, so as to reproduce a cutting edge. A 
comparative trial of the cutting power of sharpened files was made, with the following results: A 
piece of soft wrought iron was filed clean and weighed ; 1,200 strokes were made by a billed woik- 
man with one side of a new 10-inch bastard file, the iron was again weighed, and the loss noted. The 
other side of this file was then subjected to the sand-blast for five seconds, and 1,200 strokes were 
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made with this sand-blasted side on the same piece of iron, great care being taken to give strokes of 
equal length and pressure in both cases. The iron was then weighed, and the loss found to be double 
as much as in the first case. These operations were repeated many times, counting the strokes and 
weighing the metal each time, and the quantity cut was found to gradually become less for both sides as 
these b^ame worn. When the weight of metal cut away by 1,200 strokes of the sand-blasted side was 
found to be no greater than had been cut by the first 1,200 strokes of the ordinary side when quite new, 
a second sand-blasting was applied to it for 10 seconds, and in the next 1,200 strokes its rate of cutting 
rose to nearly its first figure. When the cut made by the ordinary side of the file fell to about four- 
tenths of its cut when new, it was considered by the workman as worn out, and a new file of the same 
size and maker was used to continue the comparison with the one sand-blasted side; 88 sets of 1,200 
strokes each and 13 sand-blastings were made on the same side of this file, and in that time it cut 
as much metal as six ordinary sides. In 99,600 strokes it cut away 14 oz. avoirdupois of wrought 
iron and 16.4 oz. of steel. With an equal number of strokes its average rate of cutting was, on 
wrought iron, 60 per cent, greater than the average of the ordinary sides, and on steel 20 per cent, 
greater. As the teeth became more worn, the time of the application of the sand-blast was lengthened 
up to one minute. After the thirteenth resharpening, its rate of cutting was nine-tenths that of the 
ordinaiy side when quite new. When the teeth become so much worn that the sand-blast ceases to 
sharpen them effectively, the file can be recut in the usual way, and each set of teeth can be made to 
do six times as much work as an ordinary file, and to do it with less time and labor, because it is 
done with edges constantly kept sharp. The time required to sharpen a worn-out 14-inch bastard 
file is about four minutes, or proportionately less if sharpened before being worn entirely out. Smooth 
files require much less time. About 4 horse-power of 60-lb. steam used during four minutes, and 
one pint per minute of sand (passed through a No. 120 sieve), and the time of a toy, are the elements 
of cost of the operation. 

SAW-GUMMER and SAW-SWAGE. Thc Saw-Gummer is a device for cutting away the plate 




of a saw in order to deepen the spaces between the teeth. This operation is done either by grinding 
or cutting, or by punching. 

Fig. 8721 represents Mixter*s New England saw-gummer, which consists of a frame clamped as 
shown upon the saw. Moving upon ways in 
the frame is a carriage in which is an arbor 
carrying the cutter, and rotated by the crank 
A, Bis the feed-wheel, which turns the screw 
that presses the cutter up against the blade. 

By turning the crank A the cutter is caused to 
abrade the metal, and thus to deepen the spaces 
between the teeth. Saw-gummers are also made 
with emery-wheels instead of cutters. (See 
Exebt-Grindino. ) 

Fig. 3722 represents a saw-gummer made by 
Messrs. Snyder Brothers of Williamsport, Pa. 

The machine consists of a heavy cast-iron stock 
supporting a die. A punch is also provided, 
worked by the eccentric hand-lever shown. The 
end of the punch is partially cut away so as 
to leave a long tongue or projection, which 
is not drawn out of the die even when the punch is fully raised. Tlie object is to support the punch 
»ru\ keep it from springing while catting. 

Saws should be filed, gummed, and swaged on the under or face side of the teeth; and care 
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should be taken not to gum below the line or circle of the back of the teeth. The teeth should be 
worn back around the saw. 

The Saw-Swaoe is an instrument for spreading the teeth of saws. An adjustable device of this 
kind is shown in Fig. 3722 a. The body of the apparatus has two fixed and diverging jaws, A* and 
the latter of which comes in contact with the under side of the saw-tooth, and is made convex in form. 
Through the body, at the intersection of the inner faces of the jaws, is a circular hole in which fits 
the round portion of a movable jaw H. / is a temper-screw bearing on jaw /f so as to adjust it to 
different angles with relation to the face of the lower jaw. cT' is a saw-tooth inserted in position. In 
operation, the jaw H is adjusted as shown and firmly held in position. Blows are then struck with 
a hammer at the other end of the body hard enough to upset the tooth and give it the desired form 
and sharpness at the cutting edge. 

SAWS. A saw is an instrument made of a thin plate, sheet, or strip of metal, having a notched 
or serrated edge which rasps or files away the material cut, forming a groove termed the kerf. 

Manufacture of Sawe .—Plates for saws are made of ingots of steel rolled to proper thickness. For 
circular saws this varies from one-thirty-second to one-fourth of an inch, according to purpose, and 
the diameter from 3 to 100 inches. The plate is sheared to a round shape, and is submitted to a 
vigorous hammering to reduce the uneven surface. The centre- and pin-holes are then bored, and 
the teeth are measured, marked out, and cut by a powerful fly-press. The tempering which follows 
is done in oil, to which other ingredients are added, these last being kept secret by manufacturers, 
each one of whom usually has hb own method of preparing the bath. The temperePs difficulties 
are augmented by the great difference in the degree of hardness required by the various sections. 
As a rule, the harder the wood to be cut, the tougher the temper of the saw; but it must in all cases 
stop short of brittleness, or else, while l^ing upset, the teeth will crumble instead of spreading. 

The plate when tempered is usually of a dark-blue color (see Tempering and Hardening), covered 
with scales, and to a greater or less extent warped by the heat. It is therefore straighten^ on an 
anvil, after the method described under Hammers, Hand. This operation requires great care and 
judgment. The saw is then fastened centrally upon a shaft, and caused to rotate rapidly against a 
large grindstone moving in an opposite direction, which dresses off one side to a perfectly uniform 
surface, when the blade is turned and the other side similarly treated, making the blade slightly 
thinner toward the centre than at the circumference. The saws are again tested as to planeness, the 
straightening process repeated if necessary, and the final polishing b done by wooden blocks coated 
with glue and emery. 

Straight saws are made in a similar manner, regard being had to the difference in shape. The 
edge intended for the teeth is trimmed true, the teeth are punched by a fly-press, filed, tempered, 
wiped, heated until any remaining oil blazes off, hammered on an anvil or smithed^ ground to a grad¬ 
ually decreasing thickness from front to back (this is now done on both sides at once), rehammered, 
again ground or drawn, glazed or polished, again straightened on the anvil, grained with emery, the 
teeth set, the blade stiffened by a heating process, any discoloration thus occasioned removed by 
acids, and finally oiled. The French method of saw-making consists in rolling the blades cold sever^ 
times, in order to render the grain close and the metal homogeneous, and then heating them in 
special furnaces from which the air is carefully excluded. The saws are next plunged in a bath of 
colza oil in a dark chamber, and tempered by the aid of machines which cause them to pass between 
cast-iron plates heated to a fixed temperature, according to the nature of the article to be produced. 

Detailed descriptions of saw manufacture will be found in the Scientife American^ xxv., 355, and 
xxviii., 231. 

Saw-Teeth may be divided into three classes: cutting teeth, sawing teeth, and intermediates. 
Cutting teeth perform their functions by paring the wood; sawing teeth act by first cutting a line on 
each side of the kerf and then removing the unsupported centre by scraping; while the intermediates 
perform more or less of both these functions. Cutting saws are applied to slitting or ripping pur¬ 
poses, and sawing ones to cutting across grain; and yet the action of the two is in one respect iden¬ 
tical—that is to say, in both instances the teeth sever the fibre of the kerf from the main body of 
the wood before attempting to entirely dislodge it. In a slitting saw the rake is all in front of the 
tooth, because the cutting duty is In front; and in the cross-cut, the rake is on the side, because the 
duty is there also, the advance and cutting edge operating at a right angle to the length of the fibre 
of the wood. The word ** pitch when employed by the saw-maker almost always designates the in¬ 
clination of the face of dhe tooth, up which the shaving ascends, and not the interval from tooth to 
tooth, as in wheels and screws. The teeth of some kinds are usually small, and seldom so distant as 
half an inch asunder; these are described as having 2, 8, 4, 6, to 20 points to the inch. Such as are 
used by hand are commonly from about | to IJ in. asunder, and are said to be of i or H in. $pae(, 
although some of the circular saws are as coarse as 2 to 8 in. and upward from tooth to tooth. 

The processes denominated sharpening and setting a saw consist, as the names imply, of two dis¬ 
tinct operations: the first being that of filing the teeth until their extremities are sharp; the second 
that of bending the teeth in an equal manner, and alternately to the right and left, so that, when the 
eye is directed along the edge, the teeth of rectilinear saws may appear exactly in two lines, forming 
collectively an edge somewhat exceeding the thickness of the blade itself. In general the angles of 
the points of the saw-teeth are more acute the softer the material to be sawn, agreeably to common 
usage in cutting tools; and the angles of the points and those at which the files are applied are 
necessarily the same. Thus, in sharpening saws for metal, the file is generally held at 90^ both in 
the horizontal and vertical angle, as will be shown; for very hard woods, at from 90® to 80®; and for 
very soft woods, at from 70® to 60® or even more acutely. The vertical angle is about half the hori¬ 
zontal. 

Fig. 3723 represents in plan and two elevations the saw-teeth that are the most easily sharpened, 
namely, those of the frame-saw for metal, commonly used by the smith: the teeth of this saw are 
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not set or bent in the ordinary manner, owing to the thickness and hardness of the blade, and the 
small size of the teeth. The smith’s-saw bl^e, when dull, is placed edgewise upon the jaws of the 
vise, and the teeth, which are placed upward, are slightly hammered; this upsets or thickens them 
in a minute degree, and the hammer-face reduces to a general level those teeth which stand highest 
They are then filed with a triangular file held perfectly square, or at 90° to the blade, both in the 
horizontal direction A, and the vertical v, until each little facet just disappears, so as to leave the 
teeth as nearly as possible in a line, that each may fullfill its share of the work. 

The most minute kind of saws, those which are made of broken watch-springs, have teeth that 
are also sharpened nearly as in the diagram, but without the teeth being either upset or bent; as in 
very small saws the trifling burr, or rough wiry edge thrown up by the file, is a sufficient addition to 
the thickness of the blade, and is the only tet they receive. 

Fig. 8724 illustrates the peg-tooth; but it may also be considered to appfy to the M-tooth, and, in 
part, to the mill-saw tooth. The points of the cross-cutting saws for soft woods are required to be 
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acute or keen, that they may act as knives in dividing the fibres transversely. The left sides of each 
alternate tooth are first filed with the horizontal angle denoted by A, and then the opposite sides of 
the same teeth with the reverse inclination, or A'. Fig. 8726 may be considered to refer generally to 
all teeth the angles of which are 60° (or the same as that of the triangular filek and thj^t are used 
for wood. The most common example is the ordinary hand-saw tooth; but teeth of upright pitch, 
Bu(di as the cross-cut saw, or of considerable pitch, are treated much in the same manner. The teeth 
having been topped, the faces 6, 9 are first filed back, until they respectively aCTce with a dotted line 
a, supposed to be drawn through the centre of each little facet pr^uced in the topping; the file is 
then made to take the sides 6 and 7 of the nook until the second half of the facet is reduced, and the 
point of the tooth falls as nearly as may be on the dotted line a. The first course takes the face 



only of each alternate tooth; the second course the back of the former and face of the next tooth at 
one process; and the third course takes the top only of the second series, and completes the work. 
This order of proceeding is employed, that the faces of the teeth may be in each case completed be¬ 
fore the tops or backs. 

Fig. 8726 exhibits also in three elevations a somewhat peculiar form of tooth, namely, that of the 
pruning saw for green wood. The blade is much thicker on the edge than the back, so that the teeth 
are not set at all. The teeth are made with a triangular file, applied very obliquely as to horizontal 
angle, as at ^ sometimes exceeding 45°, but without vertical inclination, as at v / and the faces of 
the teeth are nearly upright, as in the hand-saw. The large sides of the teeth are very keen, and 
each vertical edge is acute like a knife, and sharply pointed; in consequence of which it cuts the liv¬ 
ing wood with a much cleaner surface, and less injury to the plant, than the common hand-saw tooth. 

^he construction of the tooth of the Lightning saw, made by Mr. E. M. Boynton of New York, is 
shown in Tigs. 8727 and 8728. It will be noted from Fig. 8727 that the teeth may be considered as 
generated by the placing of two saws as ordinarily constructed side by side, as shown. The method of 


Digitized by v^ooQle 







696 


SAWS, BAND. 


sharpening the teeth is indicated by the lines in Fig. 8728. The advantages claimed are that theiie, 
with their opposite cutting faces cutting in line, are equivalent to the front cut both ways of a hand¬ 
saw, in distinction to the two back cuts of the V-saw. Hence increased speed is gained. All the 
teeth, moreover, being of even length, double-pointed, cut with outside vertical and projecting edges, 
and clear simultaneously with the same 

Fig. 3729 explains the method employed in sharpening gullet or brier teeth; in these tlicre are 



large curvilinear hollows, in the formation of which the 
faces of the teeth also become hollowed so as to make 
the projecting angles acute. The gullets, 3, 7, are first 
filed; and from the file crossing the tooth very obliquely, 
as at V V in the section, the point of the tooth extends 
around the file, and gives the curvature represented in the plan. The file should not be so huge as 
the gullet; it is therefore requisite that the file be applied in two positions, first upon the face of the 
one tooth, and then on the back of the preceding tooth. The tops of the teeth, 2, 6, are next sharp¬ 
ened with the flat side of the file, the position of which is of course determined by the angles e and 
d ; the.former varies with the material from about 6"* to 40° with the edge, and the latter from 80* 
to 60° with the side of the blade; the first angles in each case being suitable for the hardest, and 
the last for the softest woods. The alternate teeth having been sharpened, the remainder are com¬ 
pleted from the other side of the blade, requiring in all four ranges. 

For machines for filing saw-teeth, see ScUniiJic American^ xxviii., 231. 

Principles of Setting Teeth ,—^After sharpening, the saw is to be set; that is, a uniform bend is 


given to the teeth alternately to the right 
and to the left. This is often done by a 
hammer and set-punch, but usually by a 
saw-set, which consists of a narrow blade 
of steel, with notches of various widths 
for different saws. The saw is firmly 
held in clamps; the alternate teeth are 
inserted a little way into the proper notch, 
and are then bent over by raising or de¬ 
pressing the handle of the blade. Some 
sets are arranged with a guide by which 
the bends are made uniform. 

SAW'S, BAND. The band-saw is com¬ 
posed of a ribbon of steel brazed or sol¬ 
dered at the ends so as to form an endless 
band, with the saw-teeth cut upon one 
edge. The mechanical device employed 
to drive the saw is composed of a frame¬ 
work dtrrying an upper and a lower wheel, 
and over these two wheels the band-saw 
is stretched. The lower wheel is driven 
by power, so that the band-saw on the 
cutting side is pulled, which tends to keep 
it strai^t on that side. To keep the saw 
strained to a proper degree of tension, the 
journal-bearing or bearings of the upper 
wheel are made adjustable, and are acted 
upon by either a weight or a spring. 

The chief requisites of band-saw blades 
are uniformity of temper, width, and thick¬ 
ness, a perfect joint, and freedom from 
all flaws. They are liable to break from 
crystallization, imperfect tension, or care¬ 
lessness of the operator in handling; and 
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as a certain degree of temper is required for springs made of fine steel, so is the same temper neces¬ 
sary in band-saw blades to secure durability and efficiency. The appearance of a band-^w blade 
does not indicate its temper, and it is diffi<^t to distinguish temper^ from untempered saws. A 
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soft saw is comparativelj worthless, as it will not retain its cutting edge. The best test is to bend 
the blade and determine whether its elasticity indicates temper. 

Originally the band-saw was employed only for cutting light outside curves, but at the present time 
its use has become widely extended, and it is employed for general sawing purposes even of the 
heaviest nature. 

For brazing band-saws muriate of zinc is used. It is prepared by dissolving metallic zinc in 
muriatic acid until no more is taken up. The acid is then diluted with rain or condensed-steam 
water, when it is ready for use. Borax water for soldering or brazing—^the borax serving as a flux 
—is made by burning a sufficient quantity of the salt in an iron dish, pulveriung it, and boiling in 
rain or condensed water to the consistence of cream. The lap of the saw-ends should be from f to 
inch, according to the thickness of the plate, and the sides should be beveled to form a smooth 
point. 

There are numerous difficulties attending the use of the band-saw, which it is the object of modem 
improved construction to overcome. Thus, when the lower band-wheel is suddenly set in motion, 
often at a speed of 450 revolutions per minute, the upper wheel must at once attain the same num¬ 
ber of turns, or the saw-blade—a delicate thin steel ribbon, in the smaller and most commonly used 
classes of saws—will slip. The strain on the blade is thus increased, the saw is unduly heated, and 
crystallization of its material is apt to occur, and the covering of the wheels is damaged. Again, 
when the saw begins work or is stopped, the upper band-wheel carrying its momentum may overrun 
the lower wheel, thus creating undue tension on one portion of the band. Means are always neces¬ 
sary for taking up the slack of the blade when it expands by heat; and for this purpose automatic 
devices are requisite. 

One of the most ingenious and effective appliances used to overcome the difficulties first mentioned 
is that used by Messrs. Bentel, Margedant & Co., of Hamilton, Ohio. This consists of a cast-steel 
band covered with leather, whi^ moves and revolves in a recess formed in the rim of the upper driv¬ 
ing-wheel. When the machine is 
set in motion, the steel band slides 
in the recess, and sets the upper 
band-wheel gradually in motion. 

On the other hand, when the saw is 
abruptly stopped, the momentum of 
the upper wheel causes it to slide 
forward in the band until the speed 
or momentum of both wheels is 
equalized. In the same machine is 
a neat device for changing the 
strain on the saw-blade in two ways, 
by sliding a weight on a lever from 
or towairi the fulcrum, and by es¬ 
tablishing a different fulcrum and 
distance of leverage by moving the 
fulcrum-bolt. There is also a novel 
arrangement of lateral and back- 
thrust guides, the former being of 
wood, and placed on each side of the 
saw’ so that they can be adjusted to 
compensate for wear, and the latter 
being a series of steel balls and 
washers placed in a cylindrical in¬ 
closure. The back of the saw comes 
in contact with the balls, which 
rotate. 

In the band-saw represented in 
3730, the front saw-guide is 
counterbalanced so that it may be 
readily adjusted in height. The 
bearing of the upper band-wheel is 
of rubber, and cushioned to provide 
the elasticity necessary to accommo¬ 
date the varying lengths of the saw 
under different temperatures. The 
table is constructed of wood in sec¬ 
tions to prevent its warping, and 
may be set out of the horizontal for 
sawing tapers. 

Band-Saw. —Fig. 3781 rep¬ 
resents a band-saw manufactured by 
Messrs. J. A. Fay & Co. of Cincinnati. The upper wheel is of elastic steel, and has a vertical move¬ 
ment controlled by the hand-wheel and screw shown. The vertical guide-bar, which receives the 
pressure of the work, is provided with a steel roller which receives the back thrust of the saw in 
revolving, and relieves the back of the saw from friction. A roller of similar character is placed 
below the tabic. The weighted lever which supports the upper wheel and creates the necessary ten¬ 
sion of the saw, in combination with the rubber coverings of the wheels, furnishes a compensating 
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arraxigement for any changes in the length of the saw by heat or rod- 
den jars against some harder portion of the wood, or greater pr^aurc 
of the operation. 

BaruUawing Machines for Large Work.—A. laige machine for band¬ 
sawing is represented in Figs. 8732 and 3733. ^ .6 is the saw; C is 
the fi-ame carrying the saw-driving wheels, which are 6 ft. in diameter 
and 6 in. wide on the face, of wrought iron covered with bent walnut 
wood, and having an outer covering of canvas and gutta perdia, the 
object being to impart to the wheels an amount of elasticity which 
shall serve to accommodate to some extent the changes in the length 
of the saw which accompany variations in its temperature, and fuSer 
to enable the saw to be driven through heavy work without undue 
tension. O represents the lumber being cut, which is fed to the 
saw as follows i F F ate feed-rollers, adjusted to suit the thickness 
of the lumber and the thickness of the board or plank to be sawn 
by means of the hand-wheels H which operate screws actuating 
nuts in the carriage or slide carrying the rollers FF. / is a belt 
for operating the self-acting feed-motion by means of the gearing 

shown. JJ are guides to steady 
^ the band-saw. 

One of the largest band-sawing 
— T machines yet constructed is that 
erected for Mr. Van Pelt of New 
York by the late firm of Rich- 
ards, London k Kelley, of Phila- 
HrI J delphia. The saw is 65 ft long, 

^ H to e m. w^e, and 16- 

^ I tt ] 1 gauge thick. The pulleys are 75 

/ in. in diameter, with hubs of 

wrought iron, and are mounted 
l loj centrally on the main column of 

1 the framing, so as to equalize the 

\ strain upon the saw and prevent its 

V - - -w springing, and also to economize its 

. —U—*■ P weight. They are covered with a 

lagging of pine wood, over which 




w 

/ 

-J 

c 





is glued an envelope of 
heavy harness leather 
The bearings for the 
wheel-shafts are 4 in. in 
diameter and 12 in. long. 

Arbefs Band-Saw .—^In 
Fig. 8734 is represented a 
band-sawing machine con¬ 
structed by F. Arbey of 
Paris, France, for large 
timber. The timber is 
supported on a carriage 
traversing over fixed rolls. 
The tension of the saw is 
regulated by the band- 
wheel shown at the back 
of the frame, which wheel 
operates a screw, which in 
turn through the medium 
of a nut causes the bead 
and journal-box canying 
the upper wheel to trav¬ 
erse the slide provided 
to the upper part of the 
frame. The saw is sus¬ 
tained both above and 
below the timber by the 
guides shown. 

Band Saw for ndting 
Iron .—A machine of this 
class has been construct¬ 
ed in Europe, and will be 
found described in Engi- 
neering, xviii., 174. Tte 
construction is bcaviei 
than is usual in wood-saw¬ 
ing machines, but Other- 
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wise there are not many points of difference. The saw-band is maintained at the desired tension 
by means of a vertical screw turned by a hand-wheel, on which is mounted the sliding block carrying 
the upper wheel. A further adjustment is also provided at the back of the machine. 

Band-Saw for Stone ,—^In this, as in the straight saw, the cutting is accomplished by diamonds set 



in the blade. The latter is an endless flexible metallic belt, running upon an upper and lower pulley. 
To one edge of this belt are affixed settings of steel at short intervals, in which are held the diamond 
cutting points. These diamonds arc the teeth that do the work, and they are so set as to cut a kerf 
that will entirely clear 
the saw-blade or belt 
from contact with the 
stone. The machine, as 
shown in Fig. 8735, con- 
sista of a massive bed- 
frame which rests upon 
a foundation of mason¬ 
ry, and adapted to sup¬ 
port a double movable 
table, which carries the 
stone to the saw. These 
tables are fed by a sys¬ 
tem of gearing from the 
upper spindle, moving 
them at the rate of a 
fraction of an inch to 
12 in. per minute, thus 
providing for the work 
upon stone of varying 
degit^es of hardness and 
of various sizes. It has 
a strong upright frame 
to carry the upper and 
lower pulleys, which is 
also provided with means 
of giving adefpiate ten¬ 
sion to the band-saw. 

Vibration is prevented 
by suitable guides, and 
a circtilar disk running 
at the back of the blade prevents both cutting and friction at that point. This apparatus is reported 
to have cut 8 in. of brown stone in 8 minutes, running at a speed of 4,600 ft. per minute. The stone 
block was 10 ft. wide, 12 ft. long, and 5 ft. thick. 
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SAWS, CIRCULAR. One of the main difficulties in the use of a circular saw is that of maintain¬ 
ing its tension equal under varying velocities and temperatures. The method employed by the aaw- 
straightener to compensate for the expansion due to the centrifugal motion is to place upon the saw 
a tension insufficient to dish the saw when at rest, and yet sufficient to accommodate the expansion doe 
to the centrifugal force. If the tension is insufficient to accommodate the centrifugal force, the saw 
becomes loose in the middle, or, in other words, it becomes rim-bound when in motion; and the result 
is that it dishes, so that one side comes in contact with the work. If the saw-teeth meet with dif¬ 
ferent resistances on its two sides (which may occur from the waves in the grain of the timber, or from 
other causes), the dish will jump from one side to the other of the saw. To steady circular saws, ad¬ 
justable guides are usually placed beneath the saw-table of the machine; but if a saw becomes 
unduly heated, its evenness of tension is impaired, and it must be rehammered. 

Diihed Saw. —Fig. 3736 represents Boynton's dished circular saw, made for cutting out crooked 
pieces of wood, such as chair-frames, felloes, etc., and circular pieces from boards. The tool is chiefly 
adapted to the uses of wheelwrights and cabinet-makers. 

dotted Saws. —Circular saws are constructed under Lockwood's patent by Messrs. Curtis k Co. of 
St. Louis, Mo., with slots running from the eye outward, as shown in Fig. 8737. It is claimed that 
if the saw be heated at or near the eye, the slots close up as much as the metal expands, thus leav¬ 
ing the edge of the blade unaffected. If the edge of the saw be heated and consequently expanded. 



the slots by opening neutralize the expansion, and both edge and eye remain true. The efficiency of 
this device seems to be well demonstrated. 

Circular Saws with Inserted Teeth.—The Haner-Toathed Saw. —^Fig. 3738 represents a section of 
the saw-plate containing Emerson's planer-tooth. The clamp pieces A and wedges B hold the teeth 
C firmly in position. The pieces A have shoulders at D, against which the inner ends of the shanks 
of the teeth bear. is a finished tooth shown separately. The tang or shank is formed by a drop> 
hammer and die, leaving the outer end (which is slightly hooked) and the edges to be of the full width 
of the flat face of the bar. Cutting edges are thus formed which cut the width of the kerf and plane 
each of its sides. 

In Fig. 3739 is shown the lumberman's clipper-saw, made by Messrs. Emerson, Smith k Co., of 
Beaver Falls, Pa. The method of inserting the teeth is obvious. This construction is claimed to be 
especially suited for thin saws, the advantages of which will be apparent when it is remembered tliat 
every sixteenth of an inch saved in saw-kerf saves 1,000 ft. of lumber in each 16,000 ft. of inch- 
boards sawed. 

The following practical data relative to the use of circular saws arc given by Messrs. Kingsland, 
Ferguson & Co., of St. Louis, Mo. A thick saw will stand a higher motion than a thin one; but a 
motion of 10,000 ft, per minute on the periphery of the saw is as fast as a saw ever ought to be run. 
A taper saw will stand a higher motion than an even gauge, for the reason that the rim is lighter and 
the expansion from centrifugal force will be le.s8. The number of teeth depends upon the amount to 
be cut at a revolution, providing the power is ample; but if the power is deficient, the catting should 
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be adapted to the power arailable to drire the saw. To get the greatest cutting capacity, put in all 
the catting points possible, and at the same time have sufficient throat-room to chamber the saw-dust. 
A 72-in<di saw with 48 teeth, cutting 4 in. to a revolution, removes 128 sq. in. on a full cut of a 32-inch 
board. This solid wood cut into saw-dust will require twice the space, or 266 in.; and each tooth 
should have 61- sq. in. throat-room, to work free and easy and clean freely; with less throat it will 
clog or force the saw-dust into the space between the saw and the log, and cause it to heat on the 
rim. For small logs a laigcr number of teeth is preferable, because the distance each tooth cuts is 
less, and does not require so much room for dust. A saw is loss likely to heat when it is cutting its 
full capacity, cleaning freely, than when it is cutting along slowly in the log. A good saw requires 
no paper packing. See that the track is level and straight; that the saw-sh^t is level; that the saw 
hangs plumb; t&it it goes on the mandrel easy, and is a close fit; that the lug-pins fit and have a 
bearing; that the tight collar is a little concave, and the loose one straight; that the saw is perfectly 
straight on the log side when it is screwed up ready to run; that it is in line with the carriage, or a 
little inclined toward the log; that the saw is perfectly round; that the throat-room is equal to the 
amount to be cut to each revolution of the saw; that the backs of the teeth are not too high, and that 
they are filed perfectly square; if a swaged tooth be used, see that the teeth are swaged out so as to 
have a sufficient clearance for the body of the saw; that there is little or no end play to the saw-shaft; 
that the guides are perfectly adjusted; that the journals of the saw-shaft are properly packed; and 
that the motion is not too high. If the saw inclines to run out of the log, give it a little lead in; and 
if it inclines into the log, lead it out by filing the points of the teeth, or adjusting the mandrel. If it 
nma out and in, or, as it is termed, is ** snaky,’* lead into the log and file the points of the teeth to 
lead out. This will force that part of the saw from the mandrel to the cutting point in a direct line, 
and hold it there. The cause is, that the saw is large on the rim, and trying to hold it to line with 
the guide-pins only makes it worse. When the guide-pins are once adjusted, when the saw is cool do 
not move them, as there is where the saw should run. Reducing the set of the saw so that the centre 
of the saw will warm a little with the friction, causing it to expand, is better. If the saw heats in 
the centre, give it more set; if it heats on the rim, either the backs of the teeth are too high, or an 
attempt is being made to cut more than the saw will chamber, forcing the saw-dust between the saw 
and the log. If the saw is tight on the rim, increase the motion if possible, as this expands the saw 
on the rim and gives set enough to keep it cool in the centre. 

Power rei[uir^ for Circular Saws .—The horse-power required to drive circular saws running empty, 

n d 

according to Hartig’s experiments, is represented by the formula P = --, in which d = the diameter 

82000 

of the saw in inches, and n = the number of revolutions per minute. The net power required to cut 
with a circular saw is proportional to the cubic contents of the material removed, at the rate of 1 
horse-power for 1 cubic foot per hour of soft wood, or for half a cubic foot of bard wood. We there- 

A e Ac 

fore have the formulas: Power for circular saw for hard wood = — ; for soft wood, •—; in which 

6 12 

A = the sectional area of surface in square feet cut through per hour, and c = width of cut in inches. 


Tabu of Speed for Circular Saws. 


BIxeofBaw. 

Rer. per Min. 

1 Size of Saw. 

Bev. per Min. 

) Size of Saw. 

Bey. per Min. 

8 

in. 

.4,600 

30 

in. 

.1,200 

62 

in.... 

.. 700 

10 

in. 

.8,600 

82 

in. 


54 

in.... 

.676 

12 

in. 

. 8,000 t 84 

in..... 

. 1,068 

66 

in.... 

.650 

14 

in. 

.... 2,686 

86 

in.... 

. 1,000 

68 

in.... 

. 626 

16 

in. 

.2,222 

88 

in. 

. 950 

60 

in.... 

. 600 

18 

in. 

.2,000 

40 

in. 

. 900 

62 

in.... 


20 

in. 

.1,800 

42 

in. 

. 870 

64 

in.... 


22 

in. 


44 

in. 

. 840 

66 

in.... 

.646 

24 

in. 

. 1,600 

46 

in. 

. 800 

68 

in.... 

. 629 

26 

in... . 

. 1,384 

48 

in. 

. 750 

70 

in.... 

.614 

28 

in. 


60 

in. 


72 

in.... 



Teats of Circular Savss* 

Table showing Beat Results of Trial of Circular Sates at Cincinnati Industrial Exposition^ 1874. 


COKTBSTANTS. 


Eroerton. Ford A Co. Ptmlar 

I Emonoo, Ford A Co. Oak. 

Emerson, ptaner-tootb. — Poplar. 
I Fjner8<m. planer-tooth—. Oak. 

I B. Hoe A Co., aoUd-tooth.. Poplar. 
I B. Hoe A Ca,chisel-tooth., i Poplar. 
I B. Hoe A Co., chisel-tooth..' Oak. 


615 50 
610 60 
5»0'84 
63« 84 
619 86 
606 86 
602[86 


^.'11 
C4 I H I ^ 





o 

4 


'o 

1 

e 

e 

X, 

1 

1 

jl 

1 


6, T 


T, 8 
6 8 
8 , 8 
8 8 
Tl 2 
T1 2 


8!20x 20 
16x16 
20x20 
16x16; 12 
20 x 20! 16 
20 x 20 16 
16x16 12 


2.44! 800 120.16 8| 
.48, 176 121.681 8f 
800,112.89; 2} 
176 114.24} 2* 
800 112.18 4i 
800 114.78 8f 
176, 9^.82 2* 


i8.17 

'2.27 

2.09 

2.45 

,1.58 


1 


1 , 

It 


® • 

ll 

U 

& 

12, 4 

109.T 


.718 

10 2 

102.5 


.778 


116.9 


.848 

..12 

100.5 


.1000 

8 si 

189.5 

.527 

8 8 

109.1 1 

.689 


90 f 

.720 


CiRcrLAB Sawing Machines are constructed to be operated either by hand or power. 

Hamd or Foot Machinea .—^A description of Weaver’s hand-power machine will be found in the 
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Scimtiju! American^ xxvi., 414, Mr. L. S. Fithian of New York has devised an ingenious arrange¬ 
ment of multiplying gearing which enables the power of the operator applied to a treadle to be sto^ 
up, so that it may drive cither circular, jig-, or band-saws. A description of the circular sawing ma¬ 
chine so constructed—in which it is claimed that 40 steps on the treadle, after the machine is set 
going, correspond to 4,080 revolutions of the saw—will be found in the SeUntiJic American, xiri, 
866. Extensions of the principle to band- and jig-saws appear in the same, xxviii., 79 and 306. 

Pover Machines. —The form of power circular saw usually employed in ordinary workshop manipu¬ 
lation is shown in Fig. 3740, which represents a design by First k Pryibil of New York. By means of 

gauges or guides, against 
8740. which the work may be 

rested while being trav¬ 
ersed over or past the saw, 
a variety of work may be 
performed, such as cutting 
pieces to any required an¬ 
gle or taper. In some 
cases the table is made to 
adjust to an angle with 
the plane of rotation of 
the saw, thus sawing the 
work at an angle. In all 
of this class of machines 
the top of the saw is em¬ 
ployed to cut grooves or 
rabbets; and to regulate 
the depth, the height be¬ 
tween the top of the saw 
and the face of the table 
must be made adjustable. 
This may be accomplished 

by raising one end of the table, or, as in Fig. 8740, by carrying the saw-spindle in a swing-frame 
pivoted at one end and adjustable for height at the other, being locked in position by the lever, 
screw, and quadrant shown. 

Circular Resawing Machines. —In Fig. 3741 is shown a circular resawing or slitting machine, em¬ 
ployed to recut lumber to the required size for the market, or for special manufacture. The lumber 
is fed through the vertical feed-rollers; and to separate the stuff behind the saw, so as to relieve the 
sides of the saw from friction, the diagonal vertical wedge shown behind the saw is employed. The 




mechanical means by which the self-acting feed is operated is as follows: The coimtershaft shown 
running across the machine is belted as shown from the main or saw spindle. On the other side of 
the machine, and upon the same countershaft, is a pulley connected by Mt to a pulley fast upon the 
shaft to which the pinion A is attached. A operates the gear shown, which in turii gives motion 
through bevel-gears to the upright shaft B. Upon this latter, and beneath the table, is a gear-wheel 
opetating gear-wheels attached to the spindles of the upright feeding rolls, the latter being supported 
at top and bottom by the brackets shown, and regulated for various widths of timber by slidi^ upon 
the cross-slide on which they operate, the adjustment being made by means of the handles shown. 
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A portable circular-saw mill, by Lane A Bodley of Cincinnati, is shown in Fig. 8742, and in a full- 
page plate. The frame carrying the saw-spindles is of iron, which is bolted to a wood framing. 
The timber-carriage and sills are of wood, bolted together, so as to form a strong foundation. A is 
the mill-frame, carrying the main saw-spindle B in the bearings C C, i) is a wedge-roller to spread 
the board from the log behind the saw. .F is a friction-wheel for operating the carriage on the back 
traTerse. & is a friction-wheel for operating the timber-carriage on the forward traverse, /f/fare 
the feed-cone belt-pulleys. I is the main belt-pulley for driving the saws. J J ore standards to carry 
the top saw and its attachments. K is the 
band-wheel for operating the screws by which 
the position of the top saw is adjusted. L 
is the carriage for the timber. M is the 
track whereon the carriage traverses. N N 
are the head-blocks or bearers whereon the 
timber rests. O 0 are screws operating the 
silling bars RR, P are ratchet gear-wheels 
operating 0 0. Q Q are pawls to operate 
the ratchet-wheels P P. U U \s % swivel 

for the automatic dogs which grasp the tim¬ 
ber. V V dkve the hooks for the above dogs, 
which are operated by the hand-wheels shown. 

W is the belt-tightener. The upper 8 aw<.spin- 
die is driven £7 belt from the lower one. 

The object of providing an upper saw is to 
enable the cutting of larger-siz^ timber with¬ 
out the employment of such large saws as 
would otherwise be required. It will be ob¬ 
served that the teeth of the upper saw are in 
an opposite direction to those on the lower 
one, and as a result the grip of th^upper saw 
upon the timber acts to pull the log forward, 
thus relieving the strain of the feed by as¬ 
sisting the feed-motion. The object of hav¬ 
ing two friction-pulleys for the carriage trav¬ 
erse is, by the employment of a larger driver, 
to traverse the carriage quicker on the back 
motion and thus save time. This class of 
machine is peculiarly of American design, 
and is intended to be moved from place to 
place, following the location of the timber in 
the lumber districts. 

Double Cireular-Saw iA7/.—Fig. 3748 rep 
resents the Empire Mill made by Messrs. 

Kingsland, Ferguson A Co., of St. I^uls, Mo. 

It will be noticed that two saws are hero em¬ 
ployed, a larger one below and a small one 
^ above. The objection to mills of this class 
^ is the quivering of the top saw and the diffi¬ 
culty of keeping it in line. This is claimed 
to be obviat^ by the construction of the top 
frame in the present mill, which runs in an 
iron sleeve and may be easily adjusted. It 
can be quickly rais^ or lowered, thrown in 
or out, or any lead given to the saw while 
running. That portion of the iron sleeve 
which comes in contact with the iron up¬ 
rights, and that portion of the latter on which 
it works, are both planed true. In raising 
or lowering the top saw, the sleeve moves 
on this planed surface, thus obviating the 
necessity of moving the whole top frame when 
it is desired to change the position of the top 
saw. The **top rig’* is bolted together and 
braced by the angle given to the uprights, 
and it is claimed that even when at the high¬ 
est speed the saw runs perfectly steady. The 
feed consists of square-faced pulleys, alternately wood and iron, acting directly on each other. The 
face of these pulleys is wide enough to give surface for friction to drive the largest logs without 
slipping. The ’^rosser” A is driven from the top shaft, and is used for removing bark, sand, etc., 
from the log, in advance of the saw, and so saving wear of the latter. 

CiRCXTLAB Saws for Metal. —For cutting bars of metal into lengths, the machine shown in Fig. 
8744 is employed, the operation of which is sufficiently apparent to render a description unnecessary. 
It may however be noted, that instead of a steel saw, a sheet-iron or steel disk may be employed. 
It must be revolved at as high a velocity as is practicable without danger of its bursting from the 
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centrifugal force due to its rotation. The operation of such a disk is that of softening the metal by 
the heat generated from the contact of the edge of the disk with the metal being cut, the latter 
being abraded and falling in white-hot shreds. Machines of this kind are now largely employed for 
cutting cold bars of metal. (See Engineering^ March 17, 1878.) For a saw for cutting hot iron, 
moving at a circumferential speed of 7,875 ft. per minute, and making a cut 0.14 inch wide, the 



power required, according to Hartig, is for red-hot iron 0.702 time, and for red-hot steel 1.013 time 
the sectional area of the surface out through in square feet. 

Machines for Sawing Iron ,—The ordinary hot saw, for sawing iron at a bright red heal, differs 
but little from a common circular wood-saw. The plate is made heavier, and the teeth shorter or 
are wanting. A recent improvement in sawing iron is the use of the cold saw, for sawing any sec¬ 
tion of iron while cold. This consist simply of a plmn soft steel or iron disk without teeth, abont 
42 in. in diameter and three-sixteenths of an inch thick. The velocity of the circumference is about 

15,000 ft. per minute. One of these saws will saw through 
an ordinary steel rail cold in about one minute. In this 
saw the steel or iron is ground off by the friction of the 
disk, and is not cut as with the teeth of an ordinary saw. 
Fig. 8745 is a fair representation of one of these saws 
adapted to cutting off a rail. 

Reeses Fusing Disk .—This is an application of the cold 
saw to cutting iron or steel in the form of bars, tubea, 
cylinders, etc., in which the piece to be cut is made to 
revolve at a slower rate of speed than the saw. By this 
means only a small surface of the bar to be cut is pre¬ 
sented at a time to the circumference of the saw. The 
saw is about the same size as the cold saw above described, 
and it is rotated at a velocity of about 25,000 ft, per min¬ 
ute. The heat generated by the friction of this saw against 
the small surface of the bar rotated against it is so great 
that the particles of iron or steel in the bar are actually 
fusedf and the ** sawdust welds as it falls into a solid 
mass. This disk will cut either cast iron, wrought Iron, 
or steel. It will cut a bar of steel If in. diameter in one 
minute, including the time of setting it in the machine, 
the bar being rotated about 200 turns a minute. (Patent 
159,448, February 2,1879.) 

Circular Saws for Stoxe-Cuttiso are heavy steel disks 
having inserted diamond teeth. The Stone Monarch saw 
(see Scientific American,, xxxv., 191) cuts in various kinds 
of stone from 1 to 36 in. per minute or per 10,000 ft. run of saw. A 66-inch saw contains 84, and 
a 20-inch saw 60 diamonds. These are held in steel or iron holders made in two parts, and provided 
with soft-metal cushions on which the diamond rests. The holders are dovetailed into the edge of 
the saw-disk. 

In Emerson’s saw (see Scientific American, xxxi,, 159) the diamond is first wrapped in a casing of 
copper, which is pressed around it- A cavity is formed in the steel bolder, and the diamond and ita 
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otsing are forced therein. A cirotilar saw 78 in. in diameter carries 48 diamonds. Hardened steel 
points are used for all stone up to that of the hardness of ordinary grindstone. The speed of the saw 
is from 6 to 500 rerolutions per minute, and the feed of stone to the saw may be varied from one- 
sixteenth of an inch to four inches at each revolution. 

Various Arrangements op Circular Saws. —The Swinff-Saw consists of a circular saw arranged 
in a suspended swinging frame and operated by a belt. By means of a counterweight the frame may 


8745. 



be caused to remain stationary in any desired position within the range of the swing, and it may be 
moved out of the way when not in actual use. 

Bracket Cutting-off Saw ,—^The saw-carriage slides on ways attached beneath a bracket, which sets 
out from a heavy plate fastened to a wall or other support. The bracket is adjustable vertically, 
and the carriage, by means of a rack and pinion connect^ with the band-wheel in front, has a trav¬ 
erse movement toward or from the wall and over the table. 

Moulding Saw ,—An ingenious form of saw for cutting figured mouldings has been devised, in 
which the blade is a spiral of the desired shape and has its cutting teeth on the edge. The metal is 
exceedingly thin. The blade screws its way along the edge of the wood and cuts at the same time. 

“ JDmnAr —This name is given to a circular saw held in beveled collars so as to “wabble.” 
It is sometimes employed to cut mortises, it being competent to form a kerf over an inch in width. 

Shingle-eawing macAtnes are described under Shingle Machikxrt. 

For cylinder saw, see Barrel-making Machinert. 

SAWS, RECIPROCATING OR STRAIGHT. I. Singlb Saws, — Hand-Sam ,—^With regard to the 



mode of holding the blade, two classes of hand-saws may be noted: 1 , those held in handles se¬ 
cured at one extremity of the blade or both; 2 , those strained and fastened at both ends in brackets. 
To the first class belong the ordinary hand-saw. Fig. 3746; the back or tenon saw, Fig. 8747; the 



compass saw. Fig. 8748; and the ice-saw (see Ice-Harvesting Apparatus). Fig. 3749 is Boynton’s 
li^iOiing cross-cut saw ; Fig. 8750 a double-edge saw, and Fig. 8751 a large double-handle cross-cut 
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saw, by the same maker. The double-edge saw may be used in places where a wide saw cannot be 
insert^; and having its handle at the centre of the blade, at the wide end and directly in line with the 
teeth, the draught is rendered direct, and cutting made easy both at the forward and backward mo¬ 
tions. The Doynton doubied-handled saw, Fig. 3751, is especially adapted for fast cutting. At the 



Centennial Exhibition two men with one of these saws cut off a sound log of gumwood, one foot in 
extreme diameter, in seven seconds, or at the rate of a cord of wood in five minutes. The construc¬ 
tion of the teeth of these saws is explained on page 695. 

Braoket-Saws. —To the second class belong the bracket-saws shown with two forms of handles in 
Figs. 8752 and 8753, and the bow-saw and the frame-saw for metal or 
8754. ivory, Fi^. 3754 and 8755. 

Mitrt-Boi, —Iland-saws of the first class are guided to cut at an angle 
in mitre-boxes. An improved device of this kind is represented in >1g. 
8756, in which the blade is guided on vertical spindles placed at the 
extremities of an arm, which may be adjusted in any desired position 
in a horizontal plane. The frame is of cast metaU Rollers on the 
spindle support the saw. By slightly raising or lowering the spindles, 
when necessary, leaden rolls at the bottom may be adjusted to stop the 
saw at the proper depth; and by the use of a set-screw, the spindles 
on which the guides revolve may be turned sufficiently to make the 
rollers bear firmly on the sides of a saw-blade of any thickness. 

Machine Saws. — Jig~8am are short saws operate reciprocally with 
a very quick motion. They are employed upon small or delicate work 
only, and are to be found mainly in pattern-making, joinery, or cabinet¬ 
makers* shops. The principle of the machine is to operate the saw in 
opposition to the tension of a spring, and thus to obtain a rapid more- 
ment with as small an amount of shock as possible; and for this reason all the parts are made as 
light as is consistent with strength. The saws are held in hooks or an equivalent at one end, so that 
the blade may be passed through a hole in the work and then attached to the machine. By this 
means the saw will cut out spaces that do hot find exit at the outer edges of the work. The springs 
are usually made 
strong in propor¬ 
tion to the duty, and 
with a comparative¬ 
ly small amount 
of movement; and 
hence the spring 
obtained from a 
wood lever is fre¬ 
quently met with, 

and from its wide adaptation appears to meet the requirements as nearly as the conditions admit 
The jig-saw shown in Figs. 3757 and 3758 is the pattern made by Ric^rds, London k Kelley, 
intend^ for fret and perforated work. It is constructed wholly of metal, and the table is adjustable 

horizontally for beveliawing. 
8^' The foot shown at the base is 

attached to a friction-brake, 
whereby the saw may be in¬ 
stantly stopped. The small 
foot shown around the saw is 
to prevent the work from lift¬ 
ing with the upward movemeat 
of the saw. The head, cai^ 
Tying the upper end of the 
saw, is adjustable in the elide 
(by means of the hand-wb^ 
shown) to accommodate dif¬ 
ferent lengths of saws. The 
motion is given by the crank- 
disk, and is imparted to the 
guide carrying the lower end of the saw through the medium of the connecting-rod. The crank pm 
is adjustable in distance from the centre of the crank-disk, to vary the length of the stroke. 
frame being boxed (that is, hollow) gives to the machine a maximum of rigidity in proportion to its 



8755. 
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weight, and thus avoids as far as possible the jar or shock which is so objectionable in and inherent 
to this class of machine. , 

The so-called scroll-sawing machine is a jig-saw employed for cutting out scroll-work with very 
fine saws. It is usually operated by foot-power, the saw being held at each end after the manner of 
a jig-saw. In Fig. 3759 is shown Stafford's improved form of this machine, in which, instead of the 
saw being passed through the work and fastened top and bottom, it is held in guides at top and bottom 
and fastened at the top only, thus facilitating the insertion of the saw, while at the same time pre¬ 
venting its retreat or spring from the work under either a front or a side pressure. This enables 


8757. 8758. 



the saw to operate under the most delicate and adverse conditions, and makes it possible to use saws 
so fine as to turn exceedingly sharp comers. The saw is driven by a crank; is provided with a 
small blower to blow the dust from the surface of the work ; and has a drilling attachment, which is 
placed in operation by a slight lateral movement of the driving-belt, which is operated by treadle 
from below. There are numerous saws of this kind in the market, chiefly designed for anmteurs* 
use in fret-sawing. (See Fret-Sawing for Pleasure and Profit,’* New York, 1877.) 

Drcig-SawB are cross-cut saws in which the effective stroke is on the pull-motion. They are em¬ 
ployed for cutting logs, and are operated by simple mechanical contrivances to which power is com¬ 
municated by belting or other convenient means. Fig. 8760 represents a saw of this type manufac¬ 
tured by Snyder Brothers of Williamsport, Pa. The saw is reciprocated by a pitman and crank, and 
is secured to the end of a sliding bar as shown. The blade is supported by a guide suspended from 
above. It is claimed that this saw will cut through a S-foot pine or cypress log in one minute when 
properly handled, and will cut enough blocks for 80,000 shingles per day. 

Messrs. Ransome k Co. of Chelsea, England, have constructed a drag-saw directly connected to a 
steam-engine and designed for felling trees. Using a 4-hor8e-power portable engine at a pressure of 
from 60 to 80 lbs. of steam, the saw made from 250 to 800 strokes per minute, and, it is reported, 
cut down four elm trees, averaging 3 ft in diameter, in 45 minutes. (See Enginetr^ Jan. 25, 1878). 

Aftday or Muley Saw, —This name is derived from the German Miihls^e, mill-saw. The saw is 
straight, and is not strained in a gate or sash, but in sliding carriages or muley-heads which move in 
guides on the frame of the mill. In Snyder Brothers’ Empire muley-saw hangings, represented in 
Fig. 3761, wooden blocks on the upper end of the saw run in adjustable guides, and are so long that 
they can be made to run very loose and yet not allow the saw to get out of line. The speed of this 
saw is about 380 revolutions a minute at a maximum. The report of a competitive test furnished by 
the manufacturers shows that in 11 hours and 50 minutes it cut 18,279 ft. of lumber, over one-third 
of this amount being one-inch boards, and the remainder two-inch plank. 

Gang-Saws. —gang-saw consists of a number of parallel saw-blades arranged in a gate, the ob¬ 
ject being to rip the log into planks at one passage along the ways. Various names are given to 
large saw-mills of this kind. 

“ Round ” and “ live ” gangs are synonymous terms. In the East and Pennsylvania they are called 
round gangs, and in Michigan and the West live gangs; and the terms are used to designate gang, 
saw mills in which the whole log is fed through and sawed into boards or deals at one operation. 
“ Slabbing ” gangs are those in which there are no saws in the centre of the frame, so that, after the 
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log has passed through, the two sides are sawed into boards or plank, but the centre remains and b 
called a stock, and is flat on two sides. A ** saddle '' slabber is one in which the logs are carried for¬ 
ward while resting on narrow carriages called saddles. A saddle slabber does not saw as fast, but 
makes straighter stocks than the live gang. The log is fed forward by spike-rollers, and supported 
on special trucks, called a clamp and a bear-trap. These flattened logs or stocks are then taken to 
the ** flat ** gang and sawed into boards or pla^. Lumber sawed upon a slabber and flat gang b 
straighter and nicer than that sawed upon a round or live gang. A “ pony ” gang b a small flat 
gang, used for sawing thin boards out of the best quality of timber. The term stodc gang ” is 
employed for saws which make regular market lumber, as distingubhed from dimension lumber, 
which is sawn to specific sizes as ordered. 

Snyder's Gang-^w AfiT/.-—Figs. 3762 and 8763 represent a live gang manufactured by Messrs. Snj- 


8761. 



der Brothers of Williamsport, Pa. From an Iron bed or frame, resting on masonry or piles, rise 
heavy iron upright frames secured by cross-pieces. One cross-piece is represented as partially re¬ 
moved. On the inner sides of the frame-castings B are the guides on which the frame 2> runs, and 
in which the saws are hung. This frame is connected at its lower end by a pitman E to the wheel- 
crank on the main shaft, on which is a pulley and fly-wheel. By this mechanism, the saw-gate or 
frame D has a reciprocating motion imparted to it. On each side of the frame are rollers A with 
teeth, called spike-rollers, which arc made to revolve by gearing on their ends, and feed the log up 
to the saws. The front end of the log C b placed on the lower spike-roller A ; the other end is 
supported on a truck F called a bear-trap, and held in place by two arms having long teeth, which 
arc forced into the log Z, holding it firmly. The truck has flailed wheels running upon an iron 
track. When the log is partially sawed, and the end being cut into boards or planl^ the truds (7, 
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called a clamp, is nm un- _ */ 

der it. On this truck are i - • - 

two upright jaws geared • 

to a right and left screw, 

by wldch the arms are 

forced up against the side 

of the sawed log and 

pinch it lightly. At H 

are pressure-rolls called 

“binders.” Their pres- 

sure is regulated by the || 

weighted levers 77. The jl ^ 

feed is driven and regu- ^ ^ 

trie J on the crank-shaft, ^ 

which connects with a i ESflaffilfiMS 

round rocker-arm, on ^ 

which slides a box K W 

connecting at its upper 

end to a rocker. By this I 

combination the rocker- 
arm is made to vibrate 
to a greater or less de¬ 
gree as the block K is 

moved on its arm by the i 

lever L, The feed-wheel / 

(called “rag-wheel”) M j 

has a y turned into its / i 

outer edge, and at the /1 

outer end of the arm is / / 

a Y-shaped cam or dog / /y 

which fits into this Y- dj/ 

groove. When this arm 1 

moves down, a dog moves 
loosely along the groove 
in the rag-wheel. At the 
same time the frame D 

with its saws is moving up. When the arm moves up, 
the dog is forced into the V in the wheel, carrying it 
round, and by suitable gearing turning the rolls and 
feeding the log forward, as the frame 7> and its saws 
are moving down and doing its cutting. This is what 
is known as a friction-jab feed. Some gangs are built 
with a continuous feed. In that case, the saws must be 
overhung so as to clear the wood while it is moving up. 

A round or live gang of this class, with saw-frame 
42 inches wide clear, will saw about 60,000 feet of 
one-inch white-pine board in 10 hours. A flat gang 
of the same width will saw about 60,000 feet in the 
same time. 

Arbcy*9 Gang-Saw MiU, —Fig. 3764 represents a 
gang-saw mill constructed by M. F. Arbey of Paris, 
France. The timber is held in clamps on carriages 
traversing rails or ways. Motion is given to the saws 
through the medium of the fly-wheels, which carry 
crank-pins to which are connected the rods that com¬ 
municate with the saw-gate. The rods are of wood 
with metal bearings. A chain-feed is provided, oper¬ 
ated by a pawl upon a catch-wheel, and is thus inter¬ 
mittent. It is regulated by adjusting the height of 
the rod operating the slotted arm (carrying the pawl) 
from the centre of the catch-wheel, which rod receives 
motion from an eccentric on the driving-shaft. 

8tone-8aw8 ,—For sawing marble into slabs, steel 
blades are suspended in swinging gates or frames vi¬ 
brated by hand or power, usually the latter, and a 
plentiful supply of sand and water is delivered to the 
kerf. Talloch’s machine for this purpose is repre¬ 
sented in Fig. 3766. The blades are adjustable as to 
distance apart, and are vibrated by the connecting-rod 
shown. Water and sand are supplied as follows: 
Above the block of marble to be sawn is fixed a water- 
dstem, or trough, extending across the whole width 





Digitized by 


Googh 






710 


SAWS, RECIPROCATING OR STRAIGHT. 



of the frame. A number of small cocks are arranged along each side of the cistern, and a small 
but constant stream from each of the cocks is received beneath in a little box; a sloping channel 
leads from every box across the bottom of a trough filled with sand, which mingles with the water 



and flows out in separate streams, that are conducted to each of the saw-cuts. The form of the 
channels is shown in Fig. 3766, which represents four channels cut across the middle of their length, 
to show their section, from which it will be seen that the channels are made as a series of Gothic- 
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Bbaped tunnels, supported only on one side, and open on the other for the admission of the sand; 
the water flows through these tunnels, and, continually washing against the convex side of the 
channel, undermines the sand, which falls into the water and is carried down. There is a sand- 
trough and set of channels on each side of the water-cistern, so that every saw-cut receives two 
streams of sand and water in the course of its length. The saws having been adjusted to the proper 
distances for the required slabs, the saw-frame is raised by means 
of a windlass and the suspended chains attached to the vertical 
frames, and the block of marble to be sawn is mounted upon a 
low carriage, and drawn into its position beneath the saws, and 
adjusted by wedges. The saws are then lowered until they rest 
upon the block, the counterpoise weights are adjusted, and the 
mixed sand and water allowed to run upon the saw-blades, which 
are put in motion by attaching the connecting-rod to the pendu¬ 
lum. The sawing then proceeds mechanically until the block is 
divided into slabs, the weight of the saw-frame and connecting- 
rod causing them gradually to descend with the progress of the 
catting. To allow the sand and water to flow readily beneath the edges of the saw-blades, it is 
desirable that the horizontal frame should be slightly lifted at the end of each stroke. This is 
effected by making the lower edges of the frame, which bear upon the guide-pulleys, straight for 
nearly the full length of the stroke, but with a short portion at each end made as an inclined plane, 
which on passing over the guide-pulleys lifts the frame just sufficiently to allow the feed to flow 
beneath the saws. 

Diamond Stone~8ato .—The carbon, black diamond, or bort (see Diamond), inserted in steel blades, 
has been adapted with much success to stone-sawing. In Young^s saw the diamonds are made to 
act upon the stone in such a manner as to receive the pressure or blow in one direction only. With¬ 
out tMs provision it is found by experience that the diamonds become quickly displaced from their 
sockets. The carbons are inserted in indentations in the blade, and are held by brazing. 

The machine (for a description of which see Scientific American^ xxxii., 63) consists of a sash- 
frame carried on horizontal slides between the posts, and supported on the nuts of eight screws 
which may be turned simultaneously by suitable gearing. The frame is reciprocated by a crank and 
pitman. For depressing the saw when it moves forward and raising it on the return stroke, an 
eccentric is provided on the crank-pin of the pitman, which through a connecting-rod actuates certain 
levers and cams, the effect of which is to push down the saw against its own spring at the beginning 
of the stroke, and so hold it at a given point until the end. The resilience of the metal lifts the 
blade on its return. The following data of average downward cut per hour in various kinds of 
stone are given by the manufacturer: Connecticut brown stone, from 2 to 3 ft.; Dorchester (N. B.) 
do., 2 ft. 6 in. to 3 ft. 6 in.; Amherst (0.) do., 3 ft6in.to4ft6in.; Lockport (N. Y.) limestone, 
14 to 18 in.; Marblehead (0.) limestone, 2 to 3 ft.; Canaan (Conn.), Westchester (N. Y.), and Lee 
(Mass.) marbles, 12 to 16.in.; red Scotch granite, 8 in.; hard slate with quartz veins, 2 ft. 6 in. to 4 
ft. The kerf n^e is from jV ^ ^ wide. 

SCALES. See Balance. 

SCARFING. See Cakpentrt. 

SCHEELE’S CURVE. See Friction. 

SCOURING MACHINE. See Leather-working Machinery. 

SCRAPER. A tool employed in the flnal fitting and adjustment of metal-work requiring to be 
very true. Its various forms are shown in Fig. 3767, A^ <7, and D. That shown at C is a three- 
cornered scraper, made out of a triangular piece of steel, having three sharp edges at its end. It is 
mainly useful for operating in 
bores or holes. Those shown at 
A, R, and D are different forms 
of what are termed flat scrapers, 

D being the most desirable. 

The proper method of proced¬ 
ure in scraping a flat surface is 
to first go all over it, leaving the 
scraper-marks as shown in Fig. 

3768. The second time of go¬ 
ing over the surface should leave the marks as shown in Fig. 3769. After each scraping the surface- 
plate is applied and rubbed well over the work to mark it, giving the surface of the plate a barely 
perceptible coat of marking, and distributing the same evenly all over with the palm of the band,’ 
so as to detect any grit that may chance to have got into the marking. For wiping the surfaces 
clean a piece of old rag (which is better than either new rag or waste) should be used, and great 
care should be taken that the surfaces have no dust or grit upon them, or it will scratch the sur¬ 
faces. The surface-plate is made to mark the work by ^ing rubbed back and forth upon it; or, 
if the work is small, it may be taken from the vise and rubbed upon the face of the surface-plate. 
In either case the high spots upon the face of the work will become very dark, or, if the amount of 
marking applied is barely sufficient to dull the surface of the plate, the marks will be almost black, 
and wiU by continuous rubbing upon the plate become bright. Here it may be observed that small 
work applied to the plate should be rubbed at the comers and toward the outer edges of the plate, 
so as to keep the wear of the latter as even as possible, since the middle of the surface of the plate 
generally suffers the most from use, becoming in time hollow. The harder the plate bears upon the 
work, the darker the spots where it touches will appear, so that the darker the spots the heavier the 
scraping should be performed. It will be noted that the scraper-marks are much smaller and finer 


3767. 


n ^ 




8766. 



/ 


Digitized by v^ooQle 



712 


SCREW-CUTTING LATHE-TOOLS. 


8768. 


8789. 






at and during the last scraping; and it may be here remarked that the scrapings are taken very light 
and in a direction lengthwise of the surface-plate marks during the finishing process. J. K. 

SCREW-CUTTING LATHE-TOOLS. See Lathe-Tools, Screw-Cutting. 

SCREW-CUTTING MACHINES. There are two methods of screw-cutting. In the first, the piece 
to be threaded is held in lathe-centres, and the tools are held and guided independently of their 
bearing at the cutting edges. This includes all threading processes performed on lathes, whether 
with a single tool or by dies carried positively by slide-rests, or by milling. In the first instance it 
is termed chasing. Tfiis method will be found fully treated under Lathes and Lathe-Tools. 

The second method is performed in special machines commonly known as bolt-cutters, bolt-threaders, 
or screwing machines; and to these the present article relates. They consist essentially of devices 
for rotating cither the work or the cutting die, and for holding and presenting the former. Of these, 
Mr. J. Richards distinguishes four classes, namely: 1. Machines with running dies mounted in what 
is called the head; 2. Machines with fixed dies, in which motion is given to the rod or blank to be 
threaded; 8. Machines with expanding dies, which open and release the screw when finished without 
running back; and 4. Machines with solid dies, in which the screws have to be withdrawn by chang¬ 
ing the motion of the driving gearing. 

In this country the principal form of machine combines the advantages of the first and third dosses. 
The advantage of running dies lies in the fact that the blanks may 1^ clamped while the machine is 
in motion; and as the blank does not revolve, it may, when long, be supported in any temporary 
manner. The dies may also be arranged to be opened and dosed by the driving power, so t^t no 
stopping of the machine is necessary. 

7%e Sellers Bolt- and NtU-Scretoinff Mojchine^ Figs. 8770 to 8774, is an example of the above- 
described class. In this, the motion of the dies is always in one direction, and the bolt is cut at one 

operation; the dies open 
while they are revolving, 
and do not run back¬ 
ward. The construction 
of the essential portions 
of the machine will be 
understood from Figs. 
8771 to 8774. Tbethiw 
dies a are held in radial 
slots cut in a steel die- 
holder Figs. 3773 and 
8774, attached to the in¬ 
ternal sleeve B; these 
dies abut against the 
three cams 6, fastened 
to the external sleere 
B\ Covering the die- 
box formed by A and 6 
is a plate (7, Fig. 8774. 
- secui^ by screws to h, 
and carrying upon its in¬ 
ner surface certain cams 

c, which work in corresponding grooves in the sides of the dies. The function of the cams 6 is to 
close the dies on the bolt being out, that of the cams e (which are respectively concentric with the 
others) to open them. Now, it evidently follows that the cams b may be adjust^ in such a manner 
as to bring the dies nearer to or farther from the centre of the die-box; that is, the dies may be 
adjusted for size, to compensate for wear, etc. 

The operation of this portion of the machine may be briefly described as follows: Upon the sleeve 
B, Fig. 3772, are carried two arms D D\ Fig. 3771, terminating in ends with curved slots; on the end 
D is carried a steel pointer d. Upon B is fitted a toothed wheel secured from motion by two bolts; 
while keyed to the sleeve ' is a similar but somewhat smaller wheel, having on its hub a projection 
E\ engaging with a corresponding segmental projection E on the hub of the larger whe^ These 
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wheels are driven by two pinions FF* on the pulley-shaft, of which the former is keyed fast, while 
the latter runs loose. F' terminates at one end in a friction-clutch fitting into a recess in the leg of 
the machine, while at its other end it is provided with a leather disk forming, when brought against 
Fy a sufficiently strong friction connection between the two pinions. FF' are held together by the 
spiral spring 7, adjustable by the loose collar K; while the taper clutch on F' is put in place by the 
counterweight Z. But L is movable by the hand-lever, and a suitable automatic catch H sustains 


the wei^t and permits the spring / to operate and F to drive F’; this it continues to do until the 
projections E and E* strike, when the two sleeves continue to rotate in the bearing B ' with the 
velocity of the more slowly moving of the two wheels, while the friction between Z"and F' tends to 
keep the clutches on m and m' together and the dies in position. Releasing the latch H enables the 
weight L to operate, throws the clutch in gear, stops F\ and enables F and M to run ahead, and in 
so doing to chfmge the position of the two sets of cams in regard to the die-holder, relaxing the pres¬ 


sure on 6, and enabling e to open the dies. They continue to open until E and E' touch their oppo¬ 
site faces, and then remain open until the bolt is withdrawn and the dies are closed by a movement of 
the hand-lever, latching it fast. The spring then again operates, and the dies close. The dies are 
opened automatically by the bolt striking an adjustable rod O, which moves the lever P and disen¬ 
gages the latch. P and its stand R are hollow, and permit the introduction of oil by a pump into 
the sleeve B at Q. It will be seen at once that a movement of the index-arms DD' on M (which 
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is graduated) will change the position of the die-box with reference to the clutches E and E\ and 
hence alter the depth to which the dies will cut. For nut-tapping, the holder for the tap is secured 
from motion by one blank die, which acts as a key, the holder being held in the position occupied bj 

the dies used for trait-cut¬ 



ting, the latter being re¬ 
moved for the admission 
of the tap-holder. 

llu Schlenker Rcpclv- 
ing~Die Bolt-Cvtter^ Fig. 
3775, manufactured bj 
the Howard Iron Works 
of Buffalo, N. y., belongs 
to the sanne class. 
dies are opened automat¬ 
ically when the desired 
length of thread has been 
cut on the bolt, and are 
closed by the hand-lerer 
shown on the left of the 
machine. The claimed 
capacity of the apparatus 
is from 8,000 to 3,600 
five-eighths bolts, with 
inch of thread, per 

day. 

77ie Wileif (t Ruts^i 
Bolt- Cutter and AW- Tap- 


very made by the Wiley 

& Russell Manufacturing Company of Greenfield, Mass., is represented in Fig. 3776. In this ma¬ 
chine the die is stationary and the blank is caused to revolve. Various sizes of dies are placed in 
the head, which may be rotated so as to present any desired die to the blank. An Improved form 
of adjustable die is used in this machine. 


SCREW-DRIVER. An implement used for inserting or withdrawing screws. Fig. 3777 is an 
ordinary screw-driver, the point of which should be shaped as shown at A in Fig. 3778, and not as 
shown at as is usually the case; because if the part entering the screw-head is tapered, it not only 
raises a burr on the screw-head, but it is liable to slip out^ even from a screw that drives easily, and 
much more from one that drives hard. To grind it to 
the shape shown at .4, it should bo ground on that side 
of the stone running toward the operator, the length of 
the screw-driver being at a right angle to the plane of 
the stone, and the handle held in one hand, while the 
driving end is held in the other, which should be sup¬ 
ported by the grindstone rest. If the stone is a small 



one, the screw-driver, while being ground in this position, should be moved a little, so that first one 


corner and then the other will approach the stone, so as to prevent the grinding from being hollow, 
which would weaken the screw-driver point by thinning it in the middle. Screw-drivers should be 
made of cast steel, and tempered at the point to a blue color. The advantage gained by using long 
screw-drivers is due to the leverage obtained by the augmented length of handle. Screw-drivers are 
often efficiently used when inserted in an ordinary brace. J. B. 

SCREW-FORGING. See Forging Machines. 


SCREW-GILL. See Flax, Machinery for Preparation, etc. 

SCREW-MAKING MACHINES. In these machines, as generally built, the rods of iron p^ 
through the hollow conc-spindle, and are operated upon by a series of tools in a revolving head, whidi 
cuts the screws to the required size and shape, and cuts the threads thereon. Mechanical devices 
arc provided whereby the rods of iron may be passed through the cone-spindle to the distance required 
to make a screw while the machine is in full motion. The operator first adjusts the tool in the 
revolving head, and then, by successive movements back and forth of levers or handles, the machine 
performs all the operations necessary to make a screw, with the exception of forming the nick in the 
head. 


Figs. 3779 to 3783 represent a screw-making machine manufactured by Messrs. Brown & Sharpe 
of Providence, R. I. A is the bed of the machine, having the standards for the cone-spindle bearings 
cast solid thereon. B is the hollow cone-spindle. C is a sliding head adjustable on the bed A, a^ 
carr 3 ring the slide Z>, which is operated by lateral movements of the lever E, which on the forward 
stroke moves the revolving head F up to the work and along it to the required distance, and on the 
backward stroke moves F laterally back and causes it to turn one-sixth of a revolution. F is pro¬ 
vided with holes to receive tools or tool-holding devices, and is arranged to bring the tools held therrin 
in line with the work, ready to operate upon it when 2) is advanced. In one of the six tool-holes is 
placed a blank, so adjusted that when it stands opposite or in a line with the axis of the cone-spindle, 
and the rod of iron is pushed through the cone-spindle until it meets the blank, it will project th« 
proper distance from the cone-spindle to form a screw of the required length without lei^viiig any 
waste metal. In the next hole is the first tool for operating upon the end of the bar of iron wbi^ 
is to form the screw, and so on with the five successive tools, or such number of them as may be 
required. 6^ is a lever for operating the slide-rest shown, which carries tools for cutting off the 
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screws from the rod, and chamfering the ends when required. The slidc-rest is duplex, carrying two 
tools, one on each side of the work, one operated by depressing and one by elevating the lever £. 

The details of the cone-spindle and patented work-holding devices are shown in Figs. 3780 and 
3781, of which the former is a sectional side elevation, and the latter an end elevation. The driving 
cone-pulley is fast upon the outer cone-spindle, which carries the work-holding chuck and dies, the 
dies sliding laterally. There is an inner spindle whose end bears when operated forward (to the 

8779. 



right) against the dies which ara contained in the chuck, and close upon the work when forced for¬ 
ward, while opening to release it when pulled backward. A nut affords journal-bearing to the tail 
end of the spindle. A screw is provided in one piece with the four stationary handle-pieces 0, which 
remain stationary while the inner spindle revolves, there being a device for permitting said spindle 
to revolve, though detained in the hub of the handles. By pulling one of the handles 0 forwa^, the 
journal-bearing screw passes up the nut and forces forward the inner spindle, causing its collar to 



force the work-holding dies to close upon and hold the work, while a converse movement of 0 releases 
it, as is necessary to put the rod of iron forward through the inner spindle for each screw. The opera¬ 
tion is to pass the rod of iron through until it touches the stop in the revolving head, and pull for¬ 
ward the handle 0. To avoid the necessity of having to push the bar through the spindle for each 
successive screw, the gauge-rod P is provided. This is simply a rod sliding on the feed-bar or arm 
Qy and held against the end of the iron rod by means of the cord A, to the end of which a weight is 
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attached; hence, so soon as the work is released from the dies, the rod P pushes it forward and 
against the adjusted stop in the revolving head. 

The details of the revolving head are shown in Fi?s, 3782 wd 



8783, of which Fig. 3782 is a sectional side elevation, and Fig. 
3783 a plan. The head or turret revolves upon a pivoted centro 
carried in the slide D. The manner of operating this slide is 
follows: 6 is a pin having an eye to receive and being free to 
revolve in its bearing in the head C. The lever E is pivoted and 


moves the slide D, In Fig. 3782 the bottom of the turret is shown, provided with a device having six 
projecting pieces or lugs. As this is fitted into D at e, and as /S is a stationary catch, each time the 



lever E is operated backwaM the edge of /S, meeting one of the logs causes the head F %o revolve. 
The amount of its revolution is governed as follows: In are provided the six holes denoted by y. 
A is a pin, which alternately (as 

the slide D is moved) projects i 

into or recedes from the hole (or 
holes) g. h is operated by the 

catch-lever f, which is pivoted 11 J 

at its centre, and has the catch pf v to 

shown at j. ^ is a latch pivoted ^ I — 

to C, and / is a spring attached * | | 

to D. When therefore D and 

left, i passes over the top of X*, r ^ ^ —12 - , i ■ ■ j ir> . m 

and is lifted at that end, with- y ^ ^ m iMBl 

drawing the pin h at the other 7 -uua-a«, | 


end from the hole y. Upon the return traverse of 2) and E the notch at j en¬ 
gages with the latch Xr, the two moving thus engaged until the curved edge of i 
abuts against ( 7 , when t gradually releases itself from k; and when the pin A 


comes opposite to the hole y, it is projected therein by the spring /. Thus by operating D the turret 
is revolved and locked in position. The holes y are so arrang^ that each may lock with the pin A 


Digitized by ^ooQle 












SCREW-MAKING MACHINES. 


717 



motion in or out, and hence the depth of the 
tool-cut, being determined by the adjustment of 
the check-nuts s' upon the screw g'. h is the 
tool-holder, and t' the tool-fastening screw. To 
regulate the height of the tool an ingenious de¬ 
vice is employed, y' is a plate whereon the tool 
rests, and its height is regulated by means of 
the screws A A. It is obvious that the tools are fed to their cuts by means of the lever cT. 

Screw-Slotting Machine. —Fig. S'JSS represents a machine for slotting studs and screws, also con¬ 
structed by the Brown k Sharpe Manufacturing Company. The slot is cut by a rapidly-revolving 
cutter having a fine pitch of teeth and secured as shown on an arbor, the blank head being held 


when the corresponding tool-hole f is exactly in its proper position relative to the cone-spindle. The 
holes to receive the pin A, as well as that in which it operates, are lined with hardened steel bushes 
to prevent wear. /'/' are screws to fasten the tools or tool-holders. To adjust the forward move¬ 
ment of 2), the set-screw and jamb-nut m n are provided, the adjustment being made so that when 
D has traversed forward the requisite distance the end of the screw m will strike the end of C and 

act as a stop. The tools in F are so arranged 
as to have traversed along the work to the re¬ 
quired distance when m strikes C. 

The details of the slide-rest are shown in Fig. 
8784. A is the bed of the machine, a' is a 
carriage adjustable along and bolted through 
the bolt and clamp h*o'. The cross-slide is 
operated by the handle d '—^the amount of its 


8786. 


beneath it 


Fig. 3786 is an ingenious device for screw-slotting which may be attached to an ordinary hand-lathe. 



A single bolt fastens the platform A to the bed of the lathe, the long lever projecting in front. An 
arbor carrying a circular cutter is held in the lathe-centres. The lever is moved horizontally to open 
the jaws for inserting or removing the screws, and downward to bring the screws to be slotted against 
the cutter. A stop-screw governs the downward motion, and thus regulates the depth of the slot. 

Screw- Finishing and Polishing Machines^ manufactured by the above-named firm, are represented 
in Figs. 3787 and 8788. Fig. 3787 is the finishing machine, which is especially adapted for fin i sh i n g 
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the heads of screws, pins, and a iraricty of similar work. A half-inch hole extends through the 
spindle, in which self-adjusting chucks are used. These are opened by the knee of the operator with¬ 
out stopping the machine. Fig. 3788 clearly shows the construction of the machine for polishing 
screws, studs, etc., which are usually finished with oil and emery. 

Manufacture of Wood-Screws. —The processes and machinery employed in the production of 
wood-screws (so named from the use for which they are designed, not the material of which they are 
made), though varying somewhat in detail in different countries and with different makers, are neces¬ 
sarily always the same in general principle; so that the following brief description of their manufac¬ 
ture, as conducted by one of the largest makers in the world, may fairly be considered as illustrating 
the general method employed, and presenting all the recent and more important improvements in this 
branch of industry. 

As a rule, the iron for the manufacture of screws is purchased in the form of long rolled r^ 
varying from three-sixteenths to one-half inch in diameter, and weighing from 20 to 60 lbs., coiled 
into hanks or skeins about 2 ft. in diameter, and bound into bundles of from 200 to 300 lbs. Other 
material than iron, such as copper, brass, and other composition, is generally bought in the form of 
finished wire of the size desired. 

The first operation is pointing one end of each of these hanks of iron, for the purpose of introdudng 
it into the plate in the process of drawing into wire. This pointing is done in a special machine, by 
forcing the end of the rod into a tapering hole formed by two revolving dies striking rigidly together 
at a rate of several hundred blows per minute, thus forming cold, and in a moment^s time, a much 
better point than that previously obtained by the slow laborious process of beating and drawing at 
the forge. Then follows a thorough cleaning by subjecting the n^s to a hot bath of sulphuric add 
and water, in proportions varying greatly, according to the condition of the iron. Strong metallic 
reels, laden with hanks of rods, are lowered, by means of a kind of crane operated by power, into 
large tubs of the boiling liquor, where they are allowed to remain till the action of the add has 
removed all scale and rust, when they are lifted out and thoroughly rinsed by submerging in a tank 
of clean cold water. A coating of lime or the gluten obtained from rye-meal is then carefully applied 
to every portion of the hanks, to prevent scratching and excessive heating of the wire-plate in drawing, 
after which the load of rods is lowered on to a truck, the reel tripped and withdrawn, and the ro^ 
drawn away to dry preparatory to being brought to the wire-block—a powerful iron drum, mounted 
upon, and connecting by a clutch with, the upper end of an upright revolving shaft. It is upon this 
machine that the rods are converted into wire. The pointed end of the rod is passed through a bole 
carefully reamed to the desired size in a steel or chilled-iron plate securely fastened to the frame of 
the machine, and the projecting end seized by a strong pair of pincers, which arc slowly but firmly 
drawn back by power, pulling the end of the wire with them till a piece is obtained sufficiently long 
to fasten to the block, when the latter, by winding the wire about its circumference as it revolves, 
continues the process of drawing till the whole hank has passed through the plate, when a device 
designed especially for this purpose catches the loose end, and automatically arrests the movement of 
the whole machine. This automatic stopping of the block occurs not only when a hank is completed, 
but also if by chance the rod breaks or kinks, or the reel becomes displaced during the process of 
drawing. 

It is at this point that we enter upon screw-making strictly speaking; for the operations described 
thus far are in every respect similar to those practised by manufacturers of wire for general purposes; 
but in the next machine, the header, the stock undergoes a decided change in form, and begins to 
assume the appearance of a screw. The end of a coil of wire placed on a reel at one end of the 
machine is passed between a pair of feed-rolls operating upon the wire by friction, and thence through 
a steel tube and die into the central part of the machine, where the length of wire introduced at 
impulse of the feed-rolls is accurately determined by an adjustable gauge. Here this piece is cut 
off, grasped between two fingers, and carried to the opposite end of the die, where it is pushed back 
into a hole having its outer extremity chamfered in the form of a screw-head; and the wire's being 
cut a little longer than the die allows the hammer that now strikes it to force the surplus stock into 
this countersit^, forming the head at a single blow, after which the piece of wire is driven from the 
die and drops into a box beneath, a screw-blank. In the machine above described the die employed 
is in a single piece, or, in the phraseology of the manufacturer, solid, and is used for the smaller sizes 
of screws only, as it has been found more advantageous to head the medium and larger sizes in tn 
open die; i. e., a die drilled and chamfered similarly to that previously described, but divided tbrougb 
the hole into two parts, so that each half presents on one surface the longitudinal section of a screw- 
blank. The machine in which these dies are used differs but little in principle from that already 
described, the chief point being the cutting of the wire, here accomplish^ by a lateral movement of 
the dies, which themselves carry the piece cut off to a position opposite the hammer, without the 
assistance of the fingers employed in the solid-die machine. 

The blanks, after rattling in saw-dust to remove the oil, are next carried to the shaver and nicker, 
an ingenious and quite complicated machine, and by far the most varied and interesting in its opera¬ 
tion. Surmounting this machine is a large iron hopper containing the blanks to be operated upon, 
whence they are taken, a few at a time, by a kind of fork with two parallel tines, between which the 
blanks pass along into receiving slides, where they remain until removed one by one from the ex¬ 
tremity of this receiver by a mechanism operating like the thumb and fore-finger of the human hand, 
which reaches over the machine, seizes a single blank, and introduces it into a f>air of revolving jaws 
immediately below the feeding apparatus. The blank, firmly gripped and rapidly revolved by these 
jaws, is approached from the front by a steel cutting tool grooved to correspond with the shape of 
the head desired, which removes the irregularities and surplus stock left by the header, while the 
blank is maintained in its position by a support brought to bear against it from the opposite sid^ 
'T'hc jaws, still holding the blank, then pass to the opposite side of the machine, where the blank ia 
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supported on both sides by rests, while its head is automatically held against a small circular saw 
till the nick is cut to the required depth, when it returns again to its former position, is reshaved to 
remove the rough edges left by the saw, and finally thrown from the maehine into a box by its side. 
During the processes of shaving and nicking, as also that of thi'eading, described below, a jet of 
soda-water (a solution consisting principally of sal soda and water, but containing in small quantities 
several other ingredients, frequently termed medicine,'* to prevent rust and insure a bright polish 
on the finished screw) is maintained upon the blank and tool to prevent the latter's heating. 

From the shaver and nicker, with an inteimediate cleaning in hot soda-water, the blanks pass to 
the threader—a machine seeming, to a person unfamiliar with machiner}*, somewhat similar in ex¬ 
ternal appearance, but in fact performing very different functions. Here we find the same hopper, 
fork, slides, and general feeding device (whicl^ with slight modifications, is very generally employed 
on all classes of machinery for operating upon headed blanks), and also the jaws for revolving, and 
the rest for supporting, the piece to be operated upon. As soon as the blank is fed into the jaws, 
which in this machine seize the end bearing the head, a small tool with a straight cutting edge ap¬ 
proaches the opposite extremity, turns the point, and immediately retires to give place to the chasing 
tool that passes and repasses over the blank, cutting the thread similarly to an engine-lathe, and va¬ 
rying the number of cuts with the size of the screw and the amount of stock to be removed. This 
operation completed, the screw is finished, ready for its final cleaning in hot soda-water and saw¬ 
dust, and packing in paper boxes containing a gross each. 

These machines are so arranged as to guard against breakage, whatever occurs, to all appeai'ance 
almost as effectually as if in possession of reasoning powers. Thus, to prevent the spilling of the 
blanks, the feeding fork ceases to operate when the receiving slides arc filled; and every part of the 
machine is so arranged as to automatically adjust itself, if by chance a little larger or longer blank 
finds its way into the jaws; while in case of extreme variation in this respect, or an undue strain 
upon any portion from any cause whatever, as, for example, the displacement of some of its parts, or 
even the introduction of some foreign matter, as a screw-blank, between the gears, the whole ma¬ 
chine instantly stops, at the same time producing a peculiar sound, which, being easily distinguished 
above the noise occasioned by the other machinery, serves the purpose of a signal, and continues till 
the difficulty receives attention. A great amount of time and thought has been devoted to the per¬ 
fection of the many devices employed on this machinery, and they have all been made the subjects 
of valuable patents in the United States, Canada, and all the piincipal countries of Europe. 

Though apparently a very simple article, and one in which the field for improvement would seem 
very limited, yet common wood-screws themselves have been the subject of no small amount of atten¬ 
tion from inventors, as is attested by the numerous patents granted in the United States to new or 
modified forms in their various parts; and the advance from the screw of a century ago is no less 
than in the many other mechanical piquets more frequently brought to notice. The screws in use 
at the commencement of the present century were generally made from rough rods, without a point, 
and with very imperfect thread cut by hand with a file; and it was not until about 1845 or 1846 that 
the manufacture of the gimlet-point, which had previously been undertaken and abandoned in Europe, 
was permanently introduced, though the old blunt screw had for some years previous been threaded 
by machinery. The improvements that have been devised since that time are very numerous, but 
few of them have proved of any practical value, and perhaps only one has ever been put into 
actual use to on extent to warrant special mention in this connection. Briefly described, this im¬ 
provement, consummated in 1876, consists in a peculiar formation of the core—^that part of the 
threaded portion of the screw included within the spiral formed by the bottom of the thread—by 
which it is left tapering for a third or half its length from the point where the thread commences to 
the point of the screw, while at the same time all the threads are cut to an edge, leaving no thick 
threads near the body, as in the old form; thus securing increased strength at the point receiving the 
greatest strain, and at the same time avoiding the difficulty of thick threads found in all forms of 
taper screws previously devised. This screw is estimated to be 60 per cent, stronger than one having 
a straight core, and has met with such general approval that one of our largest manufacturers, by 
whom it has been patented, has refitted his factory for the production of this improved pattern only. 

SCREW-PILES. See Foundations. 

SCREW-PRESS. See Presses. 

SCREW-PROPELLER.* An instrument used for propelling vessels, consisting of a blade wound 
in the form of a helix or spiral around an axis parallel to the keel of the boat. Its action is similar 
to that of a free bolt woiidng in a fixed nut. By turning the bolt in the nut it is made to advance 
in the same; and in the case of the screw-propeller the water represents the nut, and the screw, with 
the vessel to which it is attached, the bolt. This, however, is not the only theory which has been 
proposed to explain its action, but some have considered it as a fan which exhausts the water in front 
of it and throws it out in a current behind; it is thus supposed that the reaction of the water projected 
behind the propeller moves the ship forward. Although many able engineers have given the subject 
their deepest consideration and have made it a study of years, it is still an unsolved problem, owing 
to the difficulty of determining the exact conditions which influence its action. 

The paddle-wheel was employed among the ancients, as we find traces of its use by the old Egyptians, 
the Romans, etc.; but the screw as an instrument of propulsion is of comparatively late date. Wc 
find it proposed by Hooke in 1680, Duguet in 1727, Pancton in 1768, Watt in 1780, Bramah in 1784, 
Fulton in 1794, Cartwright in 1798, and Shorter in 1802; and there are numerous other patents and 
propositions, of which a very complete review is given in Bourne’s ** Treatise on the Screw-Propeller.” 
In 1804, two years before Fulton began building the Clermont, Colonel John Stevens of Hoboken, 
N. J., built and ran a steamboat on the North River, in which he employed a screw-propeller. The 
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engine and propeller of this boat are still preserved at the Stevens Institute of Technology. In 1806 
he built the Phoenix, which made the trip to Albany from New York in 1807, shortly after Fulton 
had succeeded in accomplishing the same thing with the Clermont. From this time to 1836 numerous 
arrangements of screw-propellers were proposed, but no extended use was made of this method of 
propulsion until Francis Pettit Smith of Hendon, England, and Captain John Ericsson, brought the 
subject forward, and by their energy and perseverance proved the practical value of screw-propellers 
for ships. Both obtained patents for the use of the screw in 1886, and from this time forward its 
application to steamships has steadily increased, until at present there are but few ocean-steamers 
propelled in any other way; and the same mode of propulsion has frequently been adopted for rirer- 
steamers. Since its general adoption numerous modifications have been proposed and patented, but 
it will suffice if we illustrate the most important kinds that are now employed. 

Forms or Scrkw-Propellebs. —^In Figs. 3789 to 3796 the acting surfaces of all the various kinds 
are equal, which gives a very good comparison. 

The common screw, Fig. 3789, consists of four blades, whose acting surfaces are portions of helices 
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of true screws. It is so constructed as to revolve in a cylindrical space in the dead-wood of the ship, 
and has the comers rounded off. It is cast in one piece. 

The Hirsch screw, Fig: 3790, is one whose pitch varies both radially and axially. The blades are 
so shaped that the comer of the acting edge or leading edge first enters the water, and the rest of the 
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blade follows gradually. The propeller is usually made with the blades separate, and the mode of 
attaching them to the hub, whereby their positions may be varied, is another of its peculitriries. 

The Mangin screw. Fig. 3791, is one of a varying pitch axially; L e., the advance along the axis 
varies for different parts of the convolution. Its peculiarity, however, as shown in the engraving, is 
that it consists of two narrow propellers placed one behind the other. 
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GriflSths’ propeller. Fig. 3792, has a spherical hub whose diameter is from one third to one-fourth 
of the diameter of the screw. The blades vary in width along their length, being about one-third of 
the diameter of the screw a short distance from the hub, slightly narrower at the hub itself, and about 
one-ninth of the diameter at the point. The radial section of the blade is slighUj curved toward the 
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front, and the blades are made separate, being bolted to the hub in such a manner that their positions 
may be varied and the pitch altered. 

isherwood's screw, fig. 3793, has its pitch expanding both radially and axially; i. e., the pitch at 
the circumference is different f:x)m that at the hub, and varies also along its len^h. At the same 
time this screw is made to overhang the hub. 

The Ck>lU8-Brown screw. Fig. 3794, like the Mangin, consists of two propellers on the same shaft, 
with blades of the peculiar form shown. 

The Ericsson screw. Fig. 3795, is formed from true helices, the same as the common screw already 
described, the essential difference being that it is made to overhang the hub. 
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The tug-boat propeller. Fig. 8796, has the peculiarity of being formed with blades that are very 
wide at the circumference and narrow at the hub. The pitch is usually an expanding one. 

Degigmng of Serevo-PropeUers, —The conditions which must be known in order to lay out a screw- 
propeller are: its extreme diameter, size and form of hub, the amount of overhang over the hub, 
whether forward or aft of it, the width of the blade measured along a tangent at its extreme point, 
or instead of these last two conditions the space in the dead-wood of the ship in w'hich the blade must 
revolve; also the number of blades, the thickness of the same, and last, but not least, the kind of 
screw of which the blade forms a part. Indeed, this last condition must be as dc6nitely fixed as the 
diameter of the screw. In actual use we find generally three kinds of propellers, in wbi^ the genera¬ 
trix^ or the line which, by its revolution under certain conditions, genet ates the screw-surface, always 
passes through the axis of the propeller. This condition is not absolutely necessary, as indeed screw- 
propellers have been made in which the generatrix crossed the axis; but such cases are rarely found 
in practice, and their consideration would be foreign to the object of this article. The three kinds 
or eases which we consider are all made up of straight lines (elements), although curved generatrices 
might be used, and such have actually been employed in practice. However, for the genei*al purposes 
of illustration, the cases shown are sufiBcient; and for those wishing to study the subject more closely 
and with more minuteness, we can recommend Prof. C. W. IfacCord's articles on the screw-propeller 
contained in the Seientijie American Supplement^ No. 78 to No. 108, in which are given the best 
methods of laying out propellers, and the subject is treated in a very clear and comprehensive manner. 
Other good works on the screw-propeller are Burgh^s ** Modem Screw-Propulsion,” Boume^s ” Treatise 
on the Screw-Propeller,” and Rankine^s Ship-Building,” all of which works have been used in the 
preparation of this article. 

IHie three cases of screw propellers here illustrated are as follows: Case I., the true screw ; i. e., 
the screw in which every equal portion of a revolution of the generatrix corresponds to an equal 
advance along the axis. In our illustration the generatrix is assumed to be perpendicular to the axis, 
bat it may aim be taken inclined to the same at any angle. Case II., the screw with radially-expanding 
pi,tdi / L e., a certain pitch is given at the bub and another at the circumference of the screw, and a 
Made has been shown in which all the elements are right lines. Case III., the screw with axially- 
saepeukding piicK ; L e., the pitch varies continually at each point of the revolution, and according to 
•ome fix^ law. 

Case I. Cimetruetum of the True Screw, —Figs: 8797, 8798, and 8799 show the method of laying 
oat a screw-propeller with uniform pitch. Fig. 3797 is an end view. Fig. 3798 a side view, and Fig. 
87911 an auxiliary view, for determining the development of the screw-thread. These figures give 
the diameter of the propeller, (79; the form and size of the hub; the space in which the propeller is 
to revolve, represented in the side view by its dotted outline on the plane of the paper, /' d b'd' e' g ; 
the pitch, whose development on a tangent plane is represented in the auxiliary view by 0-13; and 
the normal thickness along the element i 9, represented in the end view by f w r w 9. In order to lay 
out the pitch-lino developed on a tangent-plane, we draw a vertical line through the point 0 in the 
auxiliary view, and lay off on it with any convenient scale the length of the circumference of a circle 
whose radius is C9. At the point thus found we draw a perpendicular equal to the pitch of the 
thread, and join this latter point with 0. The line thus found represents the development of the 
thread of a screw of the required pitch and diameter on a tangent-plane. We now draw, with C as 
a centre and C9 as a radius, the circle or portions thereof representing the end view of a cylinder on 
whose surface the whole helix would lie were the space limit^ in the dead-wood a true cylinder with¬ 
out rounded comers. Lay off on this circle the aliquot parts 1-2, 2-3, 3-4, etc., and draw radii at the 
various points. These radii will represent the end views of the generatrix in its various positions. 
It most here be stated that we have assumed C 9 to represent the element in the end view which is 
in a plane parallel to the paper in the side view, and passes through the point 9', biserting the hub 
at t" Starting with 9' in the side view, we lay off on either side of it the parts 9'“8', 8-7', 9'-<f, 
106 
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cT-ir, etc., equivalent parts of the pitch, corresponding to the same parts of the circle in the end 
vieir. Evidently the veiticals drawn through the points 9", 8', cT, 11’, etc., represent the positiona 
of the generatrix in its progress, if revolved into the plane parallel to the paper. Now f'db'd e' g 
represents the corresponding revolved portions of the blade; hence the intersections of this cuire 
with the verticals give the various points in the outline of the blade which lie on these elements. 
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In order to find the true positions of these points, we proceed as follows: Let us take the point d 
and try to find its true position in the end view and side view, o' being the position revolved into a 
plane parallel to 9't" its position if revolved in the end view will be somewhere in (79. We 
therefore progect o' on (79 by drawing the indicated horizontal, and thus find the required position 
n. In its true position, however, o' lies on the element 0 (7/ so we take the radius Cn and describe 
the arc n o, intersecting 0 (7 in o, which will be its true position, and which we project back to the 
corresponding element in the side view, by drawing the indicated horizontal line, thus finding a". In a 
similar manner the various points of f'dVd e' g’ are projected upon (79, and are then revolved and 
projected back again. Thus we find the true outline of the blade in the side and end views. We 
must now find the intersection of this surface with the hub. This is done in a similar manner to the 
determination of the point a. Each point of this intersection will lie on the surface of the hub, and 
their revolved positions will therefore be situated on the outline of the hub shown in the side view. 
Thusrepresents the revolved position of one point of the intersection lying on the element thro^ 
e'. This point is projected on the corresponding revolved position of the element in the end view 
C9, and is revolved to its true position and then projected back. This operation has not been 
shown in the same blade, but in the blade to the right of it, merely to avoid confusion of lines. The 
lines representing the operation of projecting from the side view to the end view are dotted lines, 
while those showing the reverse operation are broken lines. 

We have now defined the acting surface of our blade in the end view and side view. Four blades 
being required in this ca.se, we draw these four in their respective positions in the end view (as 
shown), the views being the same for all four in this case. We now project the various points of 
the outline to the corresponding elements in the side view, and thereby we get a complete side view 
of all four acting surfaces of the blades, as shown. The point to which we now direct our attention 
is to show the back of the blade. For this purpose we lay out in the end view the curve «i v tr 9, 
which represents the normal thickness of the blade at the various points of the element, supposing 
the normals to be revolved into the plane of the paper. We will call this the conventional section, 
for it is not a true section. In order to show the back of the blade, we intersect the propeller by 
means of cylinders whose axes coincide with the axis of the propeller. First, however, we find the 
shape of the blade at the hub. We have already determined the shape of the intersection of the 
acting surface k* t" m'. At t" we suppose a tangent drawn to this curve, and erect upon it a normal 
(perpendicular) t"w' equal to tu. This gives us one point of the required section. For the other 
points it is necessary that we assume them, as a theoretical determination would be too laborious 
and complicated a process for the drawing room. We therefore lay out the curve h n m\ using for 
a guide previous constructions of this kind which have proved successful. This section alone is not 
sufficient, so we determine the intersections of several cylinders of various diameters with the pro* 
peller. For our purpose one other cylinder is sufficient. Let us assume one having a radius C a. 
Draw the arc EF in the end view, representing a portion of the trace of this cylinder. Where this 
trace intersects the various elements draw horizontal lines to the side view, and find the intersections 
with the corresponding elements in that view. Thus (is projected to x to x', etc. This intersec¬ 
tion will be a helix, to which a normal is again drawn at t", namely, t" v', equal to a r, and then the 
curve .y' c' v' is assumed. In the side view the various sections are indicated by the shaded parts. 
In order to determine whether these sections are correct ones, we suppose a plane perpendicular to 
the axis to cut the propeller, and we find whether the section given in this manner is smooth. The 
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operation of doing this is shown in Case III. Evidently the outline of the back seen in the side view 
will be tangent to all these sections, and it is only necessary to draw such a curve as seen in the side 
view and project it back io the end view by drawing verticals from the various points of tangent^ of 
the outline with the sections to the corresponding arcs representing the cylinders. To find the in¬ 
tersection of the back of the blade with the hub in the end view, we project the various points in the 
elements on the side view to the corresponding elements in the end view. These various intersec¬ 
tions and traces are now also laid off at each blade, and the drawing of our propeller is finished. 

PatUm^making .—^After the drawing has been made it goes to the pattern-maker, who does the 
preparatory work for the moulder. In some cases a complete pattern is made of the propeller, and 
this is then moulded in sand in the usual manner. But generally the blade is struck ” up in loam; 
that is, a board is guided in such a manner that it produces the required surface. The arrangement 
employed at the Delamater Iron Works, New York, is sketched in Figs. 3800, 8801, and 3802. Since 
our acting surface is made up of straight-line elements revolving around an axis and advancing on it 
simultaneously, it is evident that we can produce the same surface in loam by moving a board having 
a straight edge in the same manner along a guide-curve which corresponds to the outer helix of the 
blade. It is the pattern-maker’s work to lay out the sweep or straight board and the curved guide- 
boards necessary to the moulder. He process in the following manner: Draw any vertical line A 6, 
Fig. 3800, equal to the circumference (or a certain part thereof) of the required circle of the propeller, 
and at h draw the perpendicular b C equal to the pitch (or the corresponding part of it); join C with 
.d, and this is the developed helix. I^ A represent the element CA, Fig. 8801, and with C as a 
centre strike an arc of a circle with C W as a radius; this represents the actual limit of the blade. 
In order to make the form of the back and of the acting surface fit together, there must be a certain 
bearing surface outside of the blade. Take, therefore, a radius of say six inches additional length, as 
TTA, and strike the arc OH; this will represent the end view of the guide-curve. Divide this arc 
of 1, 2-18 into certain aliquot parts of the circumference, and lay off on cither side the correspond¬ 
ing parts of the developed circle. Through the various points in the circle draw radii intersecting 
the arc W in corresponding points, and draw horizontal lines 
through the points A b (fig. 8800) produced, intersecting the 
pitch-line A C produced in the points 1, 2, 8, etc. The horizontal 
distances of these points oi A C from A b will be the heights 
respectively above and below the element A of the various ele¬ 
ments 1, 2, 3, etc. Through the various points of intersection of 
the radii with G H drop perpendiculars to the side view. The 
point A, Fig. 3801, corresponds to A^ and is assumed in the side 
view and a horizontal element g A drawn through it. The verti¬ 
cal height of A above the base¬ 
line b^g given, the pattern- 
maker sets his boards (which 
we assume to have the width of 
an aliquot part of the circum- 

ference) around the circle G S «- 

Fig. 8801. The joints are then ^ 

shown by the dotted vertical 
lines in the side view. At each —'A 

joint he subtracts or adds the \ 

corresponding horizontal length \ 

of the point on A C from Ab^ \ 

Fig. 3800, from the height of \ 

A above the base, according as \ 

these lengths lie to the left or \ 

to the right of A b produced. \ 

Having thus fixed the points at \ 

the joints of the boards, he pro- \ 

oeeds to cut off the unnecessary (j,_ Aq 

wood until a regular curve is 

formed corresponding to the one shown in the side view. This 
curve he produces somewhat beyond the ends of the blade, so 
as to give a bearing surface for the upper and lower forms. A 
band of sheet metal is next bent around the guide-curve both 
inside and outside, thus securing its edges from damage by being 
handled roughly. The shape of the “sweep” is too clear from 
the sketch, I^g. 3802, to need explanation. In order to limit the 
blade, a curve of wood may be constructed, having the end view 
of the blade as a base, and the various heights of the elements 
perpendicular to it at the corresponding points; or a sweep may be made having the form of the space 
in which the blade is to turn, and by revolving this around the same axis the blade will be limited. 

Moulding .—In moulding, the arrangement sketched in Fig. 3802, and partly in Fig. 3801, is em¬ 
ployed. S Sis a. vertical shaft which sets in a step r, and has a bracket running from the wall of the 
buDding with a bearing which goes round the shaft near its top and holds it vertically in position. 
A casting nmktis clamped around this shaft so that it can revolve freely. To this casting is bolted 
the sweep-board g A, being adjusted until it is horizontal. On the top of the shaft is placed a cap 
having two small pulleys p p in it, and which can freely revolve on the axis. A rope passes from 
the casting nmki over these pulleys, and has a counterweight W attached to it, which is nearly 
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equal to the weight of the casting and sweep-board. In starting, the moulder first adjusts his guide- 
curve C7A to be central with the axis. Next the sweep-board is attached to the casting n mki, and 
the weight W is adjusted. Hereupon he screws the curve he won his sweep-board. This curve is a 
section of a plane A B through the blade (shown in Fig. 8798). He now proceeds to mould the 
back of the blade by building up his form roughly at first with brick cemented together by sand. 
Over this rough form he spreads the loam, and brings it to the required shape by rotating the sweep- 
board around the shaft. He now finishes up his mould of the back by taking off the curve hew and 
forming the edge around the mould as a true screw. Then he rounds off the comers by band and 
lets it dry. After drying, dry sand is put over the mould thus formed, and he operates without the 
curve A c 10 , thus producing the form of the acting surface. This he now uses as a pattern. He 
takes away the sweep-boaM and proceeds to cover Uie dry sand with loam; upon this loam he builds 
the bricks, and thus makes the form of the acting surface of the blade. After it is all built and 
dried he lifts the top off, the dry sand not adhering to any great extent to the loam, and finishes it 
up. Each blade is thus moulded separately, a core being placed in the centre for the hub and lifted 
out, when the whole mould is put t^ether; whereupon it is baked in the oven, and then cast. The 
old method of moulding was to finish the acting surface first, and then the dry sand was placed upon 
this and formed, whereupon the back was built up above. This method is still used in many places, 
but it is much more laborious and requires more skilled moulders than the former method. 

Case II. The Propeller with Radially-Expanding Pitch —Figs. 8803, 8804, and 8805 show the 



ment through a'. Fig. 8803, is to be perpendicular to the axis. This latter condition is necessary in 
specifying the propeller, as it is evident that if the position of some element is not given, an infi¬ 
nite number of propellers will satisfy all the other eonditions. In this case only two blades are re¬ 
quired, and we must therefore have three views, a top view, Fig. 3804, an end view, Rg. 3805, and a 
side view. Fig. 8808. We first draw our centre-line C (7, and perpendicular to this the centre-line of 
the top view. Then we construct in the side and top views the form of the hub, and show the oorre- 
sponding circles around (7 as a centre in the end view. We next indicate the space in which the 
propeller is to revolve by the dotted outline in the side view, and then draw the circles A B and E F 
and the lines A' B, A' B\ and E which represent the cylinders on which the blade has the two 
given pitches. In the end view we now divide our circle into aliquot ports by the radii a e C,f 
etc., and lay off on A' B and A’ B aliquot parts of the pitch corresponding to the divisions of the 
circle. The letters in the side view correspond to those in the end view. On E' F lay off the 
corresponding parts of the pitch on that cylinder. Then we join the respective points thus found 
with each other, and these lines indicate the positions of the elements revolved into a plane parallel 
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to a C. To find the true form of the blade, we proceed with each intersection of one of the ele- 
ments with the dotted outline in the manner here indicated. The intersection of the element through 
t is projected to the yertical a C at the point Jh ; this is revoked to i and projected back to l\ where 
this projecting line intersects the vertical through the original point. In order to find the intersec¬ 
tion of this surface with the hub, we prolong the elements in the side view until they intersect the 
outline of the hub; through these points draw verticals as shown, and proceed in the manner indi¬ 
cated in Case I. We must now also project this curve in the top view. For this purpose proceed 
with each point as is here indicated for the point /. Revolve / to m around C as a centre, and then 
draw a vertical line to the top view, finding the point where this intersects the corresponding element 
in m' / this point m' is now revolved back along m' n' until it intersects the vertical through /, which 
will be the required point n'. We now assume one conventional section along a C, and by means of 
it the section at the hub. We now indicate a cylinder by the circular arc i^and the line O* 
and find its intersection with the blade. Every point in the intersection will lie on this cylinder, and 
if revolved will reach the point U or will lie in the line O' IT in the top view. Since our intersec¬ 
tions with elements must also lie in these elements, their revolved positions will be the points at 
which these revolved elements intersect O' IT, From the points of intersection of the elements on 
O'/Tdraw verticals, and from the corresponding points on O' JT horizontals; their points of inter¬ 
section will be the required points through which a curve is drawn. On this helix (for such it is) we 
DOW draw the required section, taking our normal height from the conventional section, and then we 
show the outline of the back of the blade and its intersection with the hub, as in Case I. 

Moulding .—When this blade is to be struck up in loam, two guide-curves must be made, one for 
the outer helix and one for the helix at the hub. Also the casting holding the sweep-board in Fig. 
3802 is made in two separate pieces instead of one as shown in Case I. The lower piece hangs from 
the upper arm and has the sweep-board attached to it. Instead of a circular hole, through which 
the axis passes in the lower arm, it has an oblong bole which allows it to adjust itself to the angle 
which the sweep-board makes, and which varies continually, as is seen in Fig. 8808. In other re¬ 
spects the method of proceeding is the same as in Case I. 

Case III. The Prowler loith Axially-E^^nding Pitch. —The third case which we will consider is 
the one in which the pitch expands axially; that is, the pitch varies while the element revolves, or, 
in other words, for the same advance along the axis the element revolves through different angles. 
This expansion is usually assumed to occur according to the law of falling b^es; if, therefore, 
we develop this helix on its tangent-plane, we produce a parabola. Only one blade is shown in 

Figs. 8806 to 8809; the others can be laid out by 
the general method given under Case I. We have 
given the diameter of blade, size and form of hub, 
limiting space (indicated by dotted line in the side 
view. Fig. 3608), the pitch of the leading edge, and 


8806. 



the pitch after having advanced through A • 

B. We now proceed as follows; In the 
auxiliary view. Fig. 3809, draw any vertical 
ah^ and parallel to it draw c' o at a distance 
a c equal io A B from it. Lay off a 6 equal 
to the circumference of the circle of the pro¬ 
peller on any convenient scale, and draw a 
horizontal line through h. Now make b c 
equal to the entering pitch, and 6 d equal to 
the pitch after the advance A By on the same scale, and h e the pitch at the middle point lying half¬ 
way between c and d. Draw ac, a<f, and ae; where ae intersects c' o in e' will be one point in the 
required parabola. Divide c' e' into a certain number of equal parts, and draw horizontal lines; then 
divide c e into the same number of parts, and join the points of division with a ; their intersections 
with the horizontals drawn from e' e' will be points in the parabola. To the other side of e' lay off 
parts e'-4'y 4',-5\ equal to those found by dividing c' e', and divide e d into the same number of 
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parts as its equal e d, and lay off points 7, 8, etc., to the right. Joining these latter points with a and 
drawing horizontal lines through 4', 6', 6', etc., the points of intersection ot corresponding lines wUl 
also lie in the required curve. It remains to wrap the curve thus developed around the cylinder again. 
Bisect a c' and draw the vertical rd; the point of intersection of this line with the parabola oorre* 
sponds to k k\ Figs. 3807 and 8808. To show the method of wrapping the curve around the cylin¬ 
der again, we will indicate the process with the point Fig. 8809. Through X*, the point of inter- 
section of the parabola with r a, draw the horizontal m A/, and lay off from h any distance hg. In 
the side view draw a perpendicular to the axis C C through k\ and from its foot lay off a distance 
equal to hg^ Fig. 8809, and there erect another perpendiemar intersecting the dotted outline m' g ; 
this perpendicular represents the side view of the element through g. In order to find the end view 
of this element, we erect a perpendicular to mkfag; then the length of this perpendicular to 
where it intersects the parabola is the developed length of the arc, which, if wrapped around the 
cylinder again, would give us the true position of the end of the required element. Thus in the end 
view draw the tangent gk to the circle of the propeller, and lay off the perpendicular distance from 
g to the parabola on tms tangent, equal to ^ A in the end view. Take three-fourths oi gk for a 
radius, and the point p thus found for a centre, and strike an arc intersecting the circle of the pro¬ 
peller in n ; this is the required point, and a radius drawn from C is the required element. In this 
manner any number of elements may be found, and then, by projecting the intersections with the 
dotted outline and revolving and projecting back again, the true views of the blade are found. In 
the top view the corresponding elements are drawn and the points projected up from the end view. 
As to the back, the operation is exactly the same as that in Case I., and need therefore not be re¬ 
peated. There is another operation illustrated here, which was referred to in Cases I. and II.; that 
is, the process of determining whether our assumed sections at various radial distances from the cen¬ 
tre are good or not For this purpose we suppose the blade to be intersected by a plane perpendicu¬ 
lar to the axis and shown in the top view by its trace J K. We suppose the various sections to have 
been determined, in this case two besides the one at the hub. The line J K intersects the top view 
of section E' E in w' and v'. These points are projected into the end view by drawing vertical lines 
through to' and v\ and determining the points w and v where they intersect the arc E F. These two 
points will be in the required section. Similarly points are determined m O H and in any number 
of sections. If now a curve drawn through all these points is regular without any uneven portions, 
the sections can be assumed to be good, for there will be no sudden changes in the surface of the bade 
of the blade. Sections like JK are made at various points, and our previous work is thus tested. 

Moulding .—^The method of moulding a propeller of this class is exactly the same as that used in 
Case I., the only difference occurring in the laying out of the miide-curve, which is illustrated in Fi^ 
8810. The method depends directly upon the operation of drawing the parabola and wrapping it 
around the cylinder, which has already been given. In this figure, however, the cylinder EBisl^ 
inches more in diameter than the one in Fig. 8806. The letters correspond to those used in Figs. 
8806 to 8809. The parabola is laid out in the same manner; then a circle is drawn tangent to a6 
at m, and with EB for a diameter. 

The various points of intersection of 
the perpendiculars from m f with the 
curve are then projected on a 6, cor¬ 
responding to the tangent/it in Fig. 

8807. They are now wrapped around 
the circle B Ey and horizontal lines 
are drawn from the points o, />, m, u, 
v, etc., thus found. In the side view 
of the cylinder, r s is drawn corre¬ 
sponding to rs in the development, 
and the line m/ is produced inter¬ 
secting r« in F. On either side of 
Ar' perpendiculars are erected to m*/' 
at points corresponding to the same 
letters in the development. The inter¬ 
sections of these perpendiculars with 
the horizontals already drawn from 
o, />, m, u, etc., give us the required 
curve. If now we assume the height 
of any point as Ar*, we can easily set 
our l^ards around EB and mark 
these heights, then work it into a uni¬ 
form curve and face it with metallic 
strips, and we have our guide-curve. 

Definitions. —^The olip of a propeller is the difference between the actual velocity of the ship sod 
the velocity which would result did the screw work in a solid medium. Foiilivt dip occurs when tbe 
speed of the ship is less than that of the propeller. Negative dip is of very doubtful occurrenoe, tod 
is supposed to take place when the ship moves faster than the propeller.' 

Theoretical ConsidercUione relative to the Screw-Propeller .—^The theoretical consideration of tbe 
screw as a means of propulsion involves the currents produced by the ship, the friction of the sur¬ 
face of tbe blades, the position of the propeller, and numerous other conditions, which make this 
problem one of difficult solution; and up to date no satisfactory conclusions with regard to it have 
been arrived at. Attempts at a solution of portions of the general problem may be found in the 
Journal of the Fratiklin inditutCy third series, vols. Ixvi and Ixxii. 
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In order to find the size and proportions of a screw required to drive a ship at a certain speed, 
the usual method is to be guided by previous practice. Bourne, in his ** Treatise on the Screw-Pro¬ 
peller,” gives a very valuable set of tables for the proportions of various screws. A method which 
is sometimes used is the following: Find the resistance of the ship by the formula given in the 
article Paddle-Wheels, then multiply this resistance by the speed of the vessel in feet per minute; 
this will evidently give the useful work. Divide by 33,000, and we have the effective horse-power. 
Assuming the total eflBciency of the power exerted through the engine and screw to be 60 per cent., 
we divide the effective horse-power by 60 and multiply by 100. This gives the indicated horse-pow- 
er of the engine. The diameter and stroke, etc., are now determined for the engine by the rules 
applicable to marine engines, os explained under ^e head of Eegiees, Steam, Marine. The pitch is 
yj X P X 2 # 

now found to be equal to---, where A = area of piston, P = mean pressure on piston, « = 


stroke, and R = resistance of the vessel. 

Then we have, according to Rankine, the following rule for finding the proper disk area of the 
screw, that is, the area of the blades: Divide eight-tenths of the pitch by the circumference, and 
subtract the quotient from 1. The remainder expresses the ratio of the area of an equivalent 
feathering paddle to that of the screw. The area of the feathering paddle-wheel is found by the 
rule given under that head. (See Paddle-Wheels.) Divide that area by the ratio already found, 
and the result will be the required effective area of the screw. The screw is made of such a diameter 
as the draught of the vessel will allow, not permitting the blades to approach the surface nearer than 
one foot. Bourne gives for a good proportion one square foot of the area described by the extremi¬ 
ties of the screw to every 2^ square feet of immersed midship section. The pitch should be equal 
to or somewhat larger thw ^e diameter of the screw, and should be one-sixth of a complete thread 
when three blades are used. 

Burgh gives for the thickness of the blade at the root (in his work on ” Modem Screw-Propul¬ 


sion”): 


area of blade in feet 
4 to 2 


the higher constant being for wrought iron or gun-metal and the lower 


one for cast iron. 

However, none of these rules give perfectly reliable results, and it is best to be guided by previous 
practice, of which Burgh’s “ Modem Screw-Propulsion ” gives good examples. 

Practical Considerations as to Use of the /Screw-Propeller. —With regard to the manner of holding the 
screw on the shaft, there arc various methods. Usually one or two keys are driven along the shaft, and 
one through the boss and shaft. When the screw is between the rudder and ship, it usually has a 
bearing on the rudder-post. When it overhangs, or is outside of the rudder, the shaft passes through 
an ovfd hole in the post, and the screw is frequently held on the shaft by a nut on the end of it. 

Supposing the screw and paddle-wheel to work with equal efficiency, the former is preferable for 
ocean travel. In order to work well, the paddle-steamer must always be well trimmed or set plumb 
in the water; for otherwise unequal strains are produced by one wheel being deep in the water and 
the other being very nearly or completely out of the water. In the case of the screw the position of 
the vessel does not materially affect the working of the propeller. For these reasons a screw- 
steamer may be full-rigged, and can make use of 3ie full advantage of the wind, while the paddle- 
steamer cannot have any other than light rigging. However, the lighter rigging also decreases the 
resistance to the progress of the paddle-steamer, which again is partly counterbalanced by the resist¬ 
ance of the paddle-boxes. The heavier rigging retards the screw-steamer when steaming directly 
against the wrind, as the large masts, sparring, ropes, etc., create a great resistance. In case of a 
direct head wind it is advisable for a screw-steamer to use sail and tack, and she would probably 
proceed the same distance in the direction of her destination as a paddle-steamer advancing directly; 
at the same time less fuel would be consumed. A paddle-steamer depends almost entirely upon its 
engine, while a screw-steamer can use sails in connection with steam. The above shows the advan¬ 
tages of the screw over the paddle-wheel for ocean navigation. When we have smooth water, how¬ 
ever (L e., in rivers and shallow water), the paddle-wheel will retain its place, not needing the deep 
immersion which is necessary for screws. Another advantage of the screw is the fact that the en¬ 
gine can be made lighter than for the paddle-wheel, on account of more rapid revolution. 

A valuable paper on the use and construction of the screw-propeller, by Mr. Arthur J. Maeginnis, 
read before the Institution of Naval Architects, is published in JEngineeringy xxviL, 851. The fol¬ 
lowing table is extracted therefrom: 


Table showing Construction of PropeUem • of Liverpool Steamers. 


W AMI OF 
BTEAMEB. 

Dhni- 

•tar. 

M«n 

Pitch. 

Snr- 

trnot. 

MATKXIAL. 

Weight. 

CTUXDXBS. 

Stroke. 

Rerolatkms per 
Minute. 

(A 

Boo. 

BImIm. 

Hi«b- 

Prewure. 

Lerw- 

Praunre. 


Diun. 

No. 

Dlam. 


Ft. Ib. 

Ft. In. 

Sq. FU 



I Tom. Cwt. I 


In. 


In. 

Ft. In. 



Iberia. 

21 0 

26 4 

111 

Steel. 

Steel. 

18 

1 

1 

56 

2 

78 

5 0 

52 

14 1 

City of BerHn.l 

21 6 

81 6 

150 

Cast iron. 

Cast iron. 

20 

0 

1 

72 

1 

120 

5 6 

56 

14f 1 

Britannic_ 

28 6 

1 80 0 

124 

Wright Iron. 

Steel. 

21 

18 

2 

48 

2 

88 

5 0 

52 

15* 1 

Bothnia. 

20 10 

1 28 1 

118 

Cast Iron. 

Steel 

15 

10 

1 

60 

1 

104 

4 6 

52 

IH ; 

Ohio. 

17 0 

24 0 






1 

67 

1 

90 

4 0 

60 

18 1 

Sardinian.... 

20 0 

25 6 

ioT 

Cast iron. 

Steel 

16 

0 

1 

GO 

1 

104 

4 0 

54 

18 * 


V An of the ordinary Oriffltha pattern, with four blades, and all right-handed except that of the Sardinian^ 
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The writer’s conclusion is, that “ for propellers of 16 ft. diameter and upward the system of haring 
the boss and four blades separate is the best, the former being made of superior cast iron annealed, 
care being taken not to have it cored out too much (as this has caused the failure of many); the 
blades should be of the improved steel recently intr^uced, and of the Griffiths shape, with a good 
substantial section, the thickness at the root being from half an inch to five-eighths of an inch for 
each foot of diameter; about 2 in. in from the tip, the thickness should be about 1 in. or in.; the 
points of the blades should bo bent from 2 in. to 8 in. aft of the straight or perpendicular line of 
medial section, commencing about 2 ft. 6 in. from the tip, the horizontal sections on the back of 
blade being convex, of increasing radii as they approach the tip, and on the driving or after face 
slightly convex at the root, gradually decreasing until they become straight. The pitch should not 
vary more than 2 ft. at the most, and should be fine enough to allow the engines to work at a piston 
speed of from 600 to 660 ft. per minute. 

Experiments on Screw-Propellers. —Numerous experiments have been made to determine the 
best form of screw for propelling vessels; and although some very conflicting results have been ob¬ 
tained by various experimenters, it seems ad though variations in the shape as regards the pitch do 
not materially affect the efficiency of screws. The following dynamometrical results were obtained 
by M. Taurines in 1860: 1. The useful effect diminishes as the pitch increases. 2. The useful effect 
increases with the diameter, and the number of revolutions may be reduced when the diameter in¬ 
creases. 3. The four-bladed screw is always superior to the two-bladed, but this superiority is not 
sufficient to overcome other advantages of the latter. 4. The fraction of surface may be reduced 
considerably without much altering the useful effect, but when reduced too much the engine will not 
work regularly. 

Mr. Rennie made a series of experiments in June, 1856, on the relative power exerted by a screw 
immersed at various depths, and he found that the resistance or thrust of the screw increased very 
rapidly with its immersion, the number of revolutions being the same, and that the law may be illus¬ 
trated by a parabola in whicli the abscissae are the depths of immersion and the ordinates are the 
thrusts. According to Chief Engineer B. F. Isherwood’s investigations, the variation in efficiency of 
the screws generally employed did not exceed 7 per cent.; in screws having the same kind and quan¬ 
tity of surface, their propelling efficiency in smooth water is not affected by either the number or the 
position of their blades; and the absolute slip of screws having the same kind of surface, and differ¬ 
ing only in its quantity, is for the same speed of the same vessel in the ratio of the square roots of 
their surfaces. Numerous other conclusions, all for smooth water, and a valuable series of tables of 
experiments, are given in the report of the above-named engineer in the Journal of the Franklin /»- 
stiiute^ 1875. These experiments were also made with reference to the resistance of the hull of a 
vessel propelled through water at various speeds. 

Propellers have been made with the pitch varying in almost every imaginable manner. The blades 
have been shaped like birds’ wings, like fish-tails, etc.; but none of these shapes have proved suffi¬ 
ciently successful to induce engineers to adopt them generally. Screws with four blades have been 
made so that two of the blades can be folded on the other two, thus facilitating the lifting of the 
propeller on to the deck of the vessel for repains, or when sails alone are to be used; such a pro¬ 
peller was patented in England by Mr. Britt in 1858. 

At one time a large number of propellers of the navy and also of merchant ships were so arranged 
that they could be disconnected from the shaft and lifted out of the water; but there are very few 
of such arrangements used now, because it is more economical to leave a little steam in the engine 
and revolve the screw. (See E-ngineering^ January, 1867.) 

In order to prevent propellers from dragging when the ship is proceeding under sail, so-called 
feathering arrangements have been employ^, by means of which the blades are turned on the bub 
until only the edge cuts the water. Such an arrangement is illustrated and described in Engineering^ 
August, 1867. 

^rews with hollow blades have also been made, in which water is forced through the shaft into 
the blades, and out of these; and it is claimed that this materially assists the performance of the 
propeller. 

Some engineers advocate setting the screw at an angle instead of vertical, and state that a gain of 
power results from the fact that Rie various blades act upon a more uniformly resisting mass than 
when vertical, as in that case the resistance to the top blade is only the weight of the water above it. 

Twin Screws. —Two screws placed on each side of the stem-post of a vessel are sometimes em¬ 
ployed. The advantages claimed for this arrangement are: greater security against total disablement 
of the propelling apparatus ; greater handiness, and the maintenance of manoeuvring power in case 
of serious damage to the rudder or steering gear; and greater facilities for the water-tight subdivi¬ 
sion of the engine-room by means of middle-line bulkheads. The disadvantages arc: greater liability 
of damage to the screws when ships are going into or out of docks, coming alongside wharves, or 
taking the ground ; reduced cargo-space, in consequence of a larger engine-room and two shaft-pas- 
sages being required ; necessity for a larger and more expensive engine-room staff, in consequenoe of 
the machinery being duplicated ; and increase in the weight of the machinery, in proportion to the 
horse-power developed, as compared with single-screw engines. See paper on “ Single and Twin 
Screws,” by Mr. W. II. White, Assistant Constructor R. N., in Engineering^ xxv., 329. The ques¬ 
tion, however, seems to be narrowed down to one of relative economy (see Engineering^ xivii., 179), 
which has reached no definite conclusion. 

In addition to works already mentioned in this article, the following papers may be consulted: 
“ On the Minimum Area of Blades needed by a Screw-Propeller to form a Complete Column,” Cot- 
terill. Engineering, xxvii., 885 ; “ On the Action of Screw-Propellers,” Engineer, xliv., 164-257; 
“ On Feathering Screw-Propellers,” ibid., xlvi., 69; “ On Propellers in Deep-Draught Ships—Single 
and Twin Screw,” ibid., xlvi., 261. See also Engines, Steam, Marine. 
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SCREW-THREAD.— The American or United States standard thread for ordinary bolt and nut use 
is based upon an investigation made by Mr. William Sellers, and presented by him to the Franklin 
Institute in a paper read in April, 1864 ; and upon a report of a committee of the Franklin Institute 
thereon, in which report it was recommended that “screw-threads shall be formed with straight sides 
at an angle to each other of BO"", having a flat surface at the top and bottom equal to one-eighth the 
pitch (as shown in Fig. 3811). The pitches shall be as follows: 


Dtemetcr of 
Bolt. 

No. Throods 
per l&ch. 

Diemeter of 

1 Bolt. 

No. Threeda 
per Inch, j 

' Diemeter of 
Bolt. 

No. Threedt 
per Inch. 

Dlemeter of 
BolU 

No. Threade 
per Inch. 

Diameter of 
Belt 

No. Thread! 
par Inch. 

i 

20 

i 

10 1 

H 

64 

8 

84 

44 

24 

A 

18 

1 f 


u 

5 

84 

84 

6 

14 

1 

16 

■ 1 

8 

ll 

5 

84 

84 

n 

‘.4 

A 

14 

1 

I 

2 

44 

84 

8 

64 

‘.4 

4 

18 


7 ! 

2J 

44 

4 

8 

t4 

if 

A 

12 

1 u 

® 1 

‘-4 

4 

44 

24 

6 

i4 

« 

11 1 

, u 


2| 

4 

44 

24 





“ The distance between the parallel sides of a bolt-head and the nut, for a rough bolt, shall be equal 
to one and a half diameter of the bolt plus ouc-eighth of an inch. The thickness of the head for a 
rough bolt shall be equal to one-half the 

distance between its parallel sides. The £811. 

thickness of the nut shall be equal to 
the diameter of the bolt. The thickness 
of the head for a finished bolt shall be 
equal to the thickness of the nut. The 
distance between the parallel sides of a 
bolt-head and nut and the thickness of 
the nut shall be one-sixteenth of an inch 
less for finished work than for rough.” 

The V-Thread, —The form of the ordinary V-thread is shown in Fig. 3812. The taper of thread 
is one-sixteenth of an inch per inch of length. 


Table showhig Number of Threads to an Inch in V-Thread Screws, 


Diameter. 

Threada. 

I Diameter. 

Threada. 

1 Diameter. 

Threada. 

Diameter. 

Threada. 1 

1 

Diameter. 

Threada. 
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No. 
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No. 
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20 

4 

9 

14 
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18 
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8 

14 

44 

84 

84 
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16 
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14 

14 

7 

24 

4 

4 

8 

64 

24 

4 

12 
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6 

24 

4 

44 

24 

64 

24 

I 

11 

1} 1 

6 

24 

84 

44 

24 

6 

24 

4 

10 

li ! 

5 

8 

84 






V-Thread in Pipes, 


Inalde Dfana- 
etar of Tube. 
Inchaa. 

No. of 
Threada per 
Inch. 

Inilde Diam¬ 
eter of Tube, 
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No. of 
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Inch. 

4 

27 

14 

114 

4 

18 

2 

114 

I 

IS 

24 

8 

4 

14 

8 

8 

4 

14 1 

84 

8 

1 

111 t 

4 

8 

14 

114 , 







The Whitiporth Thread. —^The proportions of the Whitworth (English) standard screw-thread are 
shown in Fig. 3818, and the pitches for the various diameters are given in the following table: 

Table showing Number of Threads to an Inch in Whitworth Screws. . 


Diameter In 
Inchea. 

No. of Threada 
to Inch. 

^ j Diameter in 

11 Inchea. 

M 

No. of Threada 
to Inch. 

Diameter in 
Inchea. 

No. of Threada 
to Inch. 

Diameter in 
Inchei. 

No. of Thread! 
to Inch, 

A 

24 

ll ^ 

8 1 


4 

44 

24 


20 

14 

7 1 

24 

4 

4| 

Sf 

A 

18 

1' 14 

7 1 

24 


44 

24 

4 

16 

' 14 

6 

8 


ft 


A 

14 

ll 

6 

84 

n \ 

64 

1 24 

4 

12 

" 14 

ft 



64 

24 

4 

11 

If 

6 

84 

' 8 

64 

1 ‘-I 

4 

10 

If 

44 

4 

8 

6 

24 

1 

9 

ll 2 

44 1 

1 





An^le of thread = 5.V. Depth of threads = pitch of ecrews. One-sixteenth of depth Is rounded off at top and 
bottom. No. of threads to the Inch in square thirds = half the number of those in angular threads. 
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WhUviwih. Pipe-Thrtads, 


Diameter of 
Tube, 
lucbee. 

No. of 
Thread* per 
Inch. 

Dfaunetcr of 
Tobe, 
Inchea. 

No. of 
Thnoda p« 
Inch. 

i 

2S 

1 

11 


19 

H 

11 

♦ 

19 

U 

11 


14 

If 

11 


14 

2 

11 


Threadi of Machine Screws. 

Table showing Diameter in Inches., Size, and Pitches of Machine Screws. 


niameter. 

Wlre-Oange Siie. 

No. of Thread* to loch, j 

Diameter. 

Wiie-Oaogo Sia*. 

No.ofT%niaatobck 

A 

No. 4 

86,40 1 


No. 14 

18, 20, 22 

A 

** 6 

80, 82, 86, 40 

? 

“ 16 

16,18. 20,42 

16,18, 20 

Y 

it 

80, 82, 86 1 

“ 18 

A 

“ ‘s 

80,82 1 

A 

“ 20 

16,18, 20 

di 

“ 10 

20, 22, 24 1 

I 

“ 24 

14,16,18 


“ 12 

20, 22, 24 




The various forms of screw-threads are shown in Fig. 8813 a: 1 is the V-thread; 2, the English 
standard thread; 3, U. S. standard thread; 4, bastard thread; 5, ratchet thread; 6, square thi^; 
and 7, wood-screw thread. 

8818 A. 


MMHHttMIMklVI 


MJSL k A A i 


111111 ) 


SCREW-THREADING TAPS AND DIES. Taps. —The tap is a tool used to cut threads in holes. 
It usually consists of a cylindrical piece of steel having at one end a thread of the requisite pitch, 
and squared at the other extremity to receive a wrench. The threaded end of the tap has longitudi¬ 
nal flutes, so that thread-teeth are thus formed which cut their way into the metal around the orifice. 

Construction of Taps. —^For executing accurate work, taps of an inch or less in diameter should be 
made without any clearance in the thread. The thread should be made parallel, and the taper to the 
taper- and plug-tap should be given as follows: For the taper-tap the thread should be turned off so 
that the entering end is of the diameter of the bottom of the thread, the taper running straight, 
and leaving about six full threads at the other end of the tap. By this means, there being no clear¬ 
ance in the thread, the tap will work very steadily, and will tap a hole in which the tap itself will 
be a neat fit, while all the holes tapped will be of exactly one size. By giving the tap a long taper 
it will work easier, and is not so apt to tap out of straight; for a tap having no clearance on the 
thread is very difficult to right if it once gets out of straight after it has entered the hole to more 


8814. 



8815. 



8818. 



than one-quarter of its length. The plug-tap should be made in like manner, and tapered off for 
about four threads from the end. A very go^ plan of easing the friction of the tap is to tile a flat 
place along the tops of the teeth, extending along each tooth nearly to the edges. On taps for ordi¬ 
nary use, however, it is better to give the thread a very small amoimt of clearance—^just enough to 
relieve the sides and top of the tap from contact—^the object being to reduce the friction of the 
thread in the hole, and not to sharpen the angles forming the cutting edges. 

It is not advantageous to taper-taps to reduce the diameter of the threads. The sides of the thread 
upon a tap have considerable friction upon the metal being cut, especially when the edges of the tap 
have become somewhat dulled by use To avoid this friction, an excellent form of tap has been de¬ 
vised by Prof. J. E. Sweet of Cornell University, the principles of the action of which are shown in 
Figs. 3814 to 3818. The tap is first threaded and tapered in the usual manner, and then heated to 
change its color, so that the subsequent operations may be better observed. The blank thus prepared, 
and before being fluted or grooved, is put into the lathe with the foot-stock of the lathe set back— 
that is, the reverse of the position it occupied when turning the taper on the tap; and then, with a 
tool somewhat more acute than the one us^ for cutting the thread, the bottom of the thread is turned 
away until a new angle is formed on the sides of all threads up to about one diameter of the tap; 
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which is left in its original condition to clear out and leave a finished hole. When such a tap is 
fiuted and the outer surface between the fiutes filed away, all parts of the tap have a clearance, and, so 
far as the cutting edges are concerned, a better clearance than if made by either of the old methc^s. 

Another invention by Prof. Sweet, applicable to this or any other style of tap, is shown in Figs. 
8S17 and 8818. In the ordinary tap, with the taper four or five diam¬ 
eters in length, there are far more cutting edges than are necessary to 
do the work; and if the taper is made shorter, the difficulty of too 
little room for chips presents itself. The evil results arising from the 
extra cutting edges are that, if all cut, then it is cutting the metal use¬ 
lessly fine—consuming power for nothing; or if some of the cutting 
edges fail to cut, they burnish down the metal, not only wasting power, 
but making it all the harder for the following cutters. One plan to 
avoid this is to file away a portion of the cutting edges; but the method 
adopted in the University tap is still better. Assume that it is desired 
to make three following cutters, to remove the stock down to the dotted line in Fig. 8816. Instead 
of each cutter taking off a layer one-third the thickness and the full width, the first cutter is cut 
away on each side to about one-third its full width, so that it cuts out the centre to its full depth, as 














shown in Hg. 8817, the next cotter cutting out the metal at Ay and the next at B. This is accom¬ 
plished by Sing, or in any other way catting away, the sides of one row of the teeth all the way up; 
next cutting away the upper sides of the next row and the lower sides of the third, leaving the fourth 
row (if it a four-fiut^ tap) as it is left by the 

lathe, to insure a uniform pitch and a smooth 8819. 

thread. 

Figs. 8819, 8820, and 8821 represent the three 
ordinary forms of tap. Fig. 8819 is a taper-tap. 

Fig. 8820 a plug-tap, and Fig. 3821 a bottoming 
tap. Figs. 8822 and 8828 represent a form of 
tap which has been successfully used in large 
tools. The thread is cut in parallel steps, in- ^ 
creasing in size toward the shank, the last step 
(from .D to in Fig. 8822) being the full size. 

The end of the tap at A being the proper size 
for the tapping hole, and the fiutes not being 882L 

carried through Ay insures that the tap shall not 
be used in holes too small for the size of the tap, 
and thus is prevented a great deal of tap break¬ 
age. The bottom of the thread of the first par¬ 
allel step (from .A to A) is below the diameter 

of .A, so as to relieve the sides of the thread of friction and cause the tap to enter easily. The 
first tooth of each step does all the cutting, thus acting as a turning tool, while the step within the 
work holds the tooth to its cut, as shown in Fig. 8828, in which H represents a nut and T the tap. 


niiiiiiinuuiiuiiiii 
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both in section. The step C holds the tap to its work, and it is obvious that, as the tooth B enters, 
it will cut the ^read to its own diameter, the rest of the teeth on that step merely following friction- 
less until the front tooth on the next step takes hold. Thus, to sharpen the tap equal to new, all 
that is required is to grind away the front tooth on each step, and it becomes practicable to reverse 
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the tap a dozen times without softening it at all. As a sample of 
duty, it may be mentioned that, at the Harris-Corliss Works, a tap 
of this class, 2| in. diameter, with a four-pitch, and 10 in. long, 
will tap a hole 5 in. deep, passing the tap continuously through 
without any backing motion, two men performing the duty with a 

wrench 4 ft. long over 
all, the work be^ of 
cast iron. 

Stocks and Dies.— 
For cutting external 
threads on r^ or bolts, 
cither the screw-plate 

_ or stocks and dies arc 

used. The old form of 

screw-plate was a plate of steel having a tang or handle at one or both ends. Through it were made 
one or more series of graduated screwed holes, so that, by passing the bolt or pin successively through 
several, a finished screw was produced. Screw-cutting dies are 
held in a stock by clamping-screws or other suitable means. 

Whitworth'9 screwstock is represented in Fig. 3824. The in¬ 
terior of the stock is shown in dotted lines through the top plate 
a, which is fastened by the screws 6 6' 6*; c is a stationary or 
fixed die; dd are moving dies simultaneously brought up by a 
piece Cy sliding in a recess in the stock, and bearing with a dis¬ 
tinct incline, as shown by dotted lines, against the back of each 
die. The piece e terminates with a square-threaded screw e\ 
and is drawn up by a nut /, on the outside of the stock. The 
dies having been cut by a full-sized master-tap, the curve made 
by their outer edges is that of the blank pin or bolt they are 
intended to screw, lienee, in starting the thread they bear at 
all points of the common curve, and the impression made by 
indentation is an exact copy of the thread of the die. The parts 
indented serve as a steady guide to the dies in cutting round the 
blank pin. A groove in the stationary die facilitates the opera¬ 
tion. Four cutting edges arc brought into action, at points of 
the circumference nearly equidistant; so that by little more than 
a quarter turn the thread is completely started round the pin, 
and the difficulty involved in the operation by the common screw- 
stock is entirely removed. After the thread is started, the fixed 
die serves principally as a guide and abutment for the others. 

The inner ^ges of the moving dies, which chiefly act in cutting 
out the metal, are filed to an acute angle. Their action in cut¬ 
ting is similar to that of a chasing tool. The direction of the 
moving dies is that of two planes meeting beyond the centre of 
the stock, in a line parallel w'ith the axis of the screw-bolt and 
considerably distant from it. This direction is determined with 
reference to the change which takes place in the relative posi¬ 
tion of the screw-bolt as the thread is cut deeper. 

Everett's adjustable screw-cutiing stock and dies is represented 
in Fig. 8825. In this device the dies are set up by a cam-lever, 
and are closed to the proper diameter when the arm of the cam- 
lever is coincident with the arm of the stock. By turning the 
cam-lever half a revolution, the straight side of the lever faces 
the dies; hence the latter may be instantly removed and others 
substituted. The dies may be used to cut up and down the bolt; or, after a cut is taken down the 
b«)lt, the movable die may be slackened back (by moving the cam-lever), and the stock lifted again 
to the top of the bolt to take another cut, or to remove it on completion of the thread. 




The JAghtning Screw-Platey manufactured by the Wiley & Bussell Manufacturing Comply of 
Greenfield, Mass., is represented in Fig. 3826. The adjustable die is shown separate and apart in Fig. 
3827. In Fig. 8826, A is the die; jB, the collet; D D, the taper screws regulating the cut; and a 
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binding-screw. Another binding-screw, not shown in the cut, opposes the screw E on the other side. 
In adjusting the die, the binding-screws E are first slackened, and the size required fixed by moving 
the taper-headed screws D 2) in or out; after which, the binding-screws E are set very tight the last 
thing. This die cuts screws with accuracy and finishes its work at one cut. The dies, while preserv- 




ly as desired. When used up they can be replaced, the stock, collets, etc., remaining good. The 
collets holding the dies have guides for starting bolts true; but when desirable to cut close under the 
heads of bolts, the face side of the die is used. 

Pipe Stocks and Dies .—These tools differ from those hitherto described, in that the stock contains 
a guide to steady the pipe and conduct it true to the die. In Fig. 8828, A is the stock, containii^ 
the box B for the die L The box is covered by the cap 2), which is secured shut by the screw E, 
The guide F has its bore made to suit the external diameter of the pipe to be threaded, and is fixed 
by the set-screws shown at The end of the work is passed through the guide F. H\sh handle 
detached. J. R. (in part). 

8CRIBIX6-BL0CE. This tool, which is used for marking out work previous to sawing or cut¬ 
ting, is made in a variety of forms, but the simplest and best form is that shown in Fig. 8829, 
in which 2) is the block complete, the scriber being a simple piece of round steel wire. The 
dotted line on the foot is the distance to which 

the foot is hollowed out to make it stand firm. 8829. 

A is the bolt and nut; the bolt has a fiat side 
filed on each side of it to fit it to the slot in 
the scribing-block stem, so that the bolt cannot 
thm when it is being tightened. F is a face 
and edge view of the piece or clamp for the 
scriber which passes t^ugh the hole in the 
slot. The advantages possessed by this form 
over other forms of scribing-block are, that it 
is easy to make, and that the scriber, being a 
piece of wire, is easily renewed. It holds the 
scriber very firmly indeed, and the scriber may 
be moved back and forth without the nut ho- 
coming slack; an object of great importance, 
not attainable in the common forms in which 
this tool is made. J. R. 

8CRUBBER. See Gas, Illumivatimo, Ap- 

PABATUS FOR. 

SEAMING MACHINE. See Presses. 

SETTLER. See Amaloamatimo Machikert. D 

SEWERS. See Drainaob. 

SEWING MACHINES. The essential parts common to all sewing machines are: 1. An eye- 
pointed needle, which by suitable mechanism is caused to carry the thread through the fabric; 2. A 
device for fonning the stitch by looping or locking the thread; 8. A “ take-up ** to close the stitch 
upon the goods, and to prevent the thread from fiying loose during the up stroke of the needle; 4. A 
tension” device to reflate the strain applied to drawing the stitch tight in the fabric; 5. A feed- 
motion, by means of which the work may bo fed through the machine at given speeds, so that the 
length of stitch may be varied at will; 6. A device for holding the fabric down upon the work-table 
and feed-plate while being sewed. These various portions are the result of combinations of many 
inventions and of a progressive development. The parts which overshadow all others in relative 
importance are the eye-pointed needle and the “ four-motion” feed. 

The Running Stitch .—The aim of the first inventors of sewing machines was to make a running 
stitch. Heilmann in 1829 took the centre-eyed, two-pointed needle devised by Weisenthal in 1755, 
and embodied it in an embroidering machine, where several such needles were similarly actuated 
over a moving web of cloth, so os to repeat patterns at various points from one governing design. 
John J. Greenough in 1842 used a needle similar to W'eiscnthars, which he pulled through the cloth 
by nippers. Bean in 1848 corrugated the fabric and pushed it on an ordinary threaded sewing 
needle; and numerous other inventors pursued the same idea. It will be noted that the running 
stitch is here persistently aimed at, and the same object has been followed up to the present time, 
the latest form of machine for the purpose using a spiral needle and making an overhand stitch 
along the edges of bags, as described farther on. 

The Chain or Crochet Stitch .—^While some inventors worked in this direction, others endeavored 
to produce the chain or tambour stitch. This is shown in Fig. 8880. It is formed by passing a 
thread through the fabric, forming a loop, then making a second loop and passing it through the 
first, and again making a third and passing it through the second, and so on. This is the stitch 
made by the hooked needle in crochet work. Thomas Saint in 1790 was the first to produce this 
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stitch by machinery, and his apparatus, probably the first sewing machine ever made, is represented 
in fig. 3831. a is the bed-plate; 6, an upright post bearing a horizontal oTerhanging arm, upon the 
end of which are placed a needle / and an awl ^r, adjust^ by means of set-screws and moved by 
cams h and i on the shaft k. The awl first made a hole in the fabric; then the needle, engaging the 
thread in a notch on its lower end, descended through this orifice, and one loop was carri^ over the 
other by the bent point of the spindle <L The 
work was supported on a box /, sliding between 
guides m and moved by a screw n turned by a 
toothed wheel o, which in turn was moved upon 
the shaft k. The screw r adjusted the box / on 
the guide-plate. In 1804 Duncan in England 
arranged an embroidering machine with crochet 

8830. 




needles, which after passing through the fabric 
received thread from a feeding ne^le and drew 
it back, pulling one loop through the other. Bar- 
th^lemy Thimonnier in France, in 1830, devised 
a sewing machine in which the crochet n^le was 
also used to make a chain stitch. His needle 
passed through the fabric, caught a lower thread 
from a thread-carrier and looper beneath, and 
brought up a loop, which it laid on the upper surface; then descending again, it caught another loop 
and enchained it with the previous one, and so on. Saint’s machine made its chain with loops on 
the under side, while Thimonnier’s produced its loops on the upper side of the cloth. 

It will be noticed that all the needles thus far described are hooked or notched, or else have the 
eye in the end opposite the point, or in the middle. In 1841 Newton and Archbold in England 
devised the first ne^le with the eye at the point. It might be considered as developed either by 
carrying the point of the hook of the crochet needle to join the shaft, or by connecting the points of 
the notched needle. The above-named inventors used the eye-pointed needle to carry a thread 
through the fabric and leave a loop on. the other side; then a hook caught the loop and drew it 
lengthwise over the spot where the needle would pass through on its next descent. 

The eye-pointed needle making a chain stitch appears in many modem machines, and the date of 
its invention marks also the entering of inventors into another diveiging path, which has led to the 
construction of the Willcox & Gibbs machine of the present day. This apparatus for some time 
made a simple chain stitch, which could easily be unraveled; but, as is fully described in referring 
to the machine farther on, an ingenious appliance puts a twist in the stitch which obviates this 
difficulty. 

The houhU-Loop Sliteh ,—In 1844 Fisher k Gibbons patented in England a curious mode of loop¬ 
ing one stitch with the loop of another. A lower curved eye-point^ needle, carrying the thread, 
passed up through the fabric. An upper eye-pointed needle then entered between the lower one and 
its threap and the curved needle descended and left a loop upon the upper needle, the fabric being 
fed the length of a stitch. The curved needle again ascended, and at the same time the upper needle 
was moved in such a manner that it passed the thread around the curved needle, and then retired 
through the loop of the needle thread previously on its stem. After this the upper needle, again 
advancing, entered between the curved needle and its thread as before, and the movements were 
repeated. The Grover k Baker machine (which see) embodies a modification of this peculiar con¬ 
struction. 

The Lock Siiteh ,—The great advantages of the eye-pointed needle, however, were never fully 
proved until the invention of the lock stitch. This is always made by passing loops of thread through 
the fabric by means of an eye-pointed needle, and then passing another thread through these loops, 
the second thread as it were locking the first in place, as shown In Fig. 3832. When both threads 
are drawn equally tight, the position of each thread is the same relative to the sides of the cloth, the 



8832. 3838. 

locking or overlaying taking place in the body of the fabric. This is shown very much exaggerated 
in Fig. 3833. It will be apparent that to make this stitch some means must employed to carry 
the under thread continuously through the loops of the upper one. There is a sort of analogy b^ 
tween this operation and the carrying of the weft through the warp-threads of a loom, and this pos¬ 
sibly suggested the use of a shuttle for the purpose. Between 1832 and 1834, Walter Hunt of New 
York conceived this idea, and built machines embodying the eye-pointed needle and a shuttle; but he 
neglected to protect his invention as required by law, so that in 1846 Elias Howe, who by independent 
study had reached similar results, was allowed to patent them, while Hunt, who subsequently at¬ 
tempted to assert his prior 'claims, was denied similar protection on the ground of abandonment. 
Howe made a curved eye-pointed needle, and caused his shuttle to reciprocate and so carry the lock- 
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ing thread through the loop, by means of two strikers on the ends of Tibrating arms worked by cams. 
Since Howe's time modifications of the shuttle mechanism have multiplied with great rapidity. Many 
of these will be specially noted in referring to the classification and construction of modem ma¬ 
chines. One point in this connection, however, will suggest itself to the mechanic, namely, that a 
locked loop can be made not merely by passing a thread contained in a moving shuttle through the 
loops, but also by carrying the loop over the thread wound upon a stationary bobbin. This latter 
idea was put in practical shape by Wilson in 1861; and the rotary hook which carries the loop 
about a fixed bobbin is the essential feature of the modem Wheeler & Wilson machine. 

The Feed-Motion, —In all the early sewing machines the arrangements for feeding the cloth to the 
needle were erode and imperfect. In Greenough's machine the material to be sewed was held 
between clamps provided with a rack, which was moved to and fro alternately to produce a back 
stitch, or continuously forward to make the running stitch. The feed was continuous to the length 
of the rack-bar, and then the latter had to be set back. The intermittent automatic feed in Saint^s 
machine has already been explained. In Howe's machine the cloth was attached to a baster-plate, 
and carried along before the horizontal needle to the end of the plate's motion. Then the machine 
was stopped, the parts were brought back to their first position, and the operation was begun again. 

In 1862 Mr. A. B. Wilson devised the four-motion feed—an invention remarkable for its entire 
originality and its admirable adaptation to its purpose. It has never been successfully superseded. 
The manner of its operation will be understood from Fig. 8834. The 
device consists in moving a serrated bar, in a slot in the horizontal plate 
npon which the cloth is fed, in the direction of the four sides of a paral¬ 
lelogram. The teeth carry the cloth forward while moving horizont^ly a 
short space above the surface of the plate; the bar then drops (the second 
motbnl then passes backward horizontally beneath the plate (the third 
motion^ and rising brings the teeth through the slot and above the sur¬ 
face (the fourth motion). The directions of these movements are indicated by the arrows. The 
motion which carries the cloth forward is so timed as to take place while the needle is raised above 
the cloth, and never to interfere with its passage. By limiting the extent of this motion the length 
of the stitch is easily adjusted. 

Among other feed-motions invented was a notched wheel which rotated with its upper edge just 
passing through a slot in a horizontal plate. An intermitting motion was given to this wheel, the 
movement alternating with that of the needle through the fabric. This arrangement was used with 
some success in the early machines of Singer and others. Mr. I. M. Singer also devised a feed- 
motion above the doth, the presser-foot moving the material forward by means of its roughened 
under surface. The first continuous feed was probably that devised by Batchelder, who used an 
endless band or cylinder studded with a row of points which carried the fabric to and past the 
needle. Wilson's four-motion-feed patent expired after two extensions in 1^71, and the Batchelder 
patent, which also was twice extended, terminated in 1877. In 1856 the Wheeler k Wilson and 
Grover k Baker Sewing Machine Companies, I. M. Singer k Co., and Elias Howe, Jr., united in a 
combination which controlled the eye-pointed needle and shuttle and the four-motion and continuous 
feeds, and which was thus enabled to dominate the entire sewing-machine trade. With the expiration 
of the Batchelder patent in 1877 the last important claim of the contracting parties ended, and, the 
competition of smaller manufacturing concerns being rendered possible, a large reduction in the price 
of sewing machines resulted. 

doeeificaiion of Sevina Machines, —^The most general classification of sewing machines is with 
reference to their specific uses. I. The term “ sewing machine," without further qualification, is 
applied to apparatus for sewing ordinary fabrics. II. Waxed-thread sewing machines are of pecu- 
liar construction, and are used for sewing harness, sides of shoes, and leather generally. III. Shoe¬ 
sewing machines are a special variety used for fastening together the soles and uppers of shoes and 
boots. IV. Buttonhole- and eyelet-making machines stitch the edges of the apertures named. V. 
Book-sewing machines sew together the sheets, or sets of pages called signatures," which make 
up the body of a book. VI. Bag-sewing machines may be recognized as a distinct class, when their 
work is to make an overhand stitch in the edges of bags. 

I. Sewovo Machines for Ordinary Fabrics. —These are classified according to the stitch which 
they make, and are consequently known as (1) lock-stitch, (2) single-thread chain-stitch, and (3) 
double-thread chain-stitch machines. 

(1.) Lock-Stitch Sewing Machines. —There are two principal methods of making the lock stitch, 
namely: by the rotary hook or looper, which carries the loop of the upper thread around the station¬ 
ary bobbin on which the under thread is wound; or by the moving shuttle, which transports the 
locking or under thread through the loop of the upper thread. These machines are respectively 
known as rotary-hook and shuttle machines. 

Rotart-Hook Machines. — The Wheeler Wilson Sewing Machine, manufactured by the Wheeler 
k Wilson Sewing-Machine Company of New York, is represented in Fig. 8886, and its details in 
Figs. 8836 to 8841. This machine is the best representative of its class, and is remarkable for the 
many ingenious and novel devices which distinguish it from all others. Fig. 8886 represents the 
so-called No. 8 machine, which has some special features noted in particular hereafter. Of other 
forms as made, the Nos. 6 and 7 machines are the principal. The following description covefs the 
general features of all. 

It has been explained that the rotary-hook machine makes its lock stitch by transporting the loop 
of thread over a fixed bobbin. The hook or looper for this purpose is of peculiar form, as shown at 
A, Fig. 3836, the tail or guard overlapping the point, so that the under thread from the bobbin C 
cannot interfere with the loop from the needle. The bobbin is inclosed in a case i>, which covers 
one side and the mouth or opening between the sides. This case permits the loop of qpper thread 
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to be carried around the lower thread without disturbing the position of the bobbin, and prevents 
the loop from being cast off the hook into the wide mouth of the bobbin instead of passing around 



it At £ is the washer. In order to accommodate the motion of the hook to the action of the 
take-up—or in other words, to produce a variable motion between the driving-shaft and the hook- 
shaft, so that while the velocity of rotation of the former is uniform, that of the latter shall be 


88SS. 




alternately accelerated and retarded—an ingenious variable-motion device is used, which is illustrated 
in Fig. 8837. It consists of a circular disk 81, revolving in a fixed yoke 80, and eccentric to the axes 
of the driving- and hook-shafts, which lie in the same line. On opposite sides of the centre of this 
disk, and lying along the same diameter, are two slots. 

A pin, 35, from the flange 82 of the driving-shaft 12, 
works in one of these slots, giving a variable motion 
to the disk by reason of the disk’s being eccentric to 
the shaft. The other slot receives a pin 36 from the 
flange 16 of the hook-shaft 18, which thus receives 
a motion alternately accelerated and retarded to a 
greater degree than that of the variable-motion disk. 

The amount of variation of motion depends, of course, 
upon the amount of eccentricity of the disk, and the 
distances of the pins from the centres of the flanges. 

Fig. 3838 is a view of the machine from beneath. 

At 4 is shown the means of actuating the needle-bar 
and takc-up lever. At the lower end of the former 
is a stud and roller which enters the cam on the con¬ 
vex surface of the cylinder 4. The connecting-rod 
73 of the take-up lever receives motion from the cam 
6 on the face of the same cylinder. This cam is fixed 
upon the driving-shaft, which is connected with the 
band-wheel 11. 

The action of the machine will be understood from 
Fig. 8839. The needle, descending, carries a bight of 
thread through the goods and into the cavity of the 
hook, the take-up lever letting down thread enough 
for tWs purpose. As the needle begins to rise a loop 
is thrown out, which is immediately entered by the 
point of the hook, as shown at 1, the under thread 
from the bobbin being held clear of the loop by the 
tail of the hook, as shown at 2. The needle, having 
cleared the circumference of the hook, but still having its eye below the fabric, pauses, while the 
take-up lever descends and gives out thread enough to complete the loop, which is expanded by the 
hook and carried around the bobbin. This part of the revolution of the hook is performed on its 
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faster motion. The loop haTing been carried around the bobbin and cast off the hook, and the 
needle having risen entirely out of the goods, the take-up draws up the loop and completes the stitdL 
While the stitch is drawing up, during the interval between the casting off of one loop and the enter¬ 
ing of the next, the hook is on its slower motion. 

At the moment of drawing up the stitch, the apparatus for securing and regulating the under ten¬ 
sion comes into play. This is represented, detach^ from the machine, in Fig. 3840, in which 1 is a 
hook-washer, of which the projecting pad 2, when in position, overlies the periphery of the hook; 
4 is a plate which is screwed to the frame of the machine; 8 is a perforate finger held in proper 
direction on the plate by dowehpins, which leave it free to be lifted from the plate; the needle, at 
every descent, passes through the hole in the tension-finger, and through it also passes the under 
thread; 6 is a horizontally movable lever, one extremity of wMch bears upon the tension-finger. At 
each revolution of the hook, the pad 2 is brought in contact with the tension-finger 8, clamping the 
lower thread when the take-up is completing the drawing up of the loop and tightening the stitch. 
The degree of under tension is vari^ by moving the lever 5, thus bringing it to bear upon one or 



another point of the finger, and causing the latter to exert a greater or less pressure upon the pad. 
When the stitch is completed the pad moves away from the finger and releases the under thread 
from tension. 

The feed generally used in this machine is a modification of the well-known four-motion feed of 
A. B. Wilson, the arrangement of which is represented in Fig. 8841. At ^h revolution of the 
hook the feed-bar 7, with its point 26, is raised, moved forward, and allowed to drop by the action 
of the feed-cam 89, which is attached to the hook-shaft; the bar is then thrown back by the spring 
88. This machine is also provided with the wheel-feed,’* when desired for certain special kinds of 
leather stitching. The length of stitch is regulated by the eccentric stop 27, which is attached to 
the cloth-plate of the machine, and may be turned as desired by means of the small lever. 

The machine represented in Fig. 8835 is more especially adapted for family use and light manufac¬ 
ture ; and for such uses it has some special features. The needle-bar is actuated by an eccentric and 
connection, instead of by a cam; the variable motion of the hook is obtained by placing the driving- 
and the hook-shaft in different lines, and connecting them with cranks and a link; the length of 
stitch is regulated by the movement of a knob on the upper surface of the bed-plate; the take-up is 
simplified, and the under tension is regulated by means of a thumb-screw. To facilitate the placing 
and removing of the bobbin, the ring-slide or bobbin-holder is hinged. 

The following tests made by the judges at the Centennial Exlfibition of 1876 will serve to show 
the capabilities of the machine: ** One of the tests was, to stitch book-muslin with No. 400 cotton at 
the rate of 600 stitches per minute. To test the ease with which it runs, two thicknesses of muslin 
were stitched together with No. 60 cotton at a speed of 600 stitches per minute, with the same cotton 
used as a driving-belt. On patent enameled leather, and without injury to the surface, lines of stitch¬ 
ing were made, containing over 100 perfect stitches to the inch. Bags of both India-rubber and kid 
were stitched perfectly water-tight at the seams. As tests of the heavy material which may be sewed 
by it: In one case 18 thicknesses of * butternut* duck were sewed together; and in another 6 layers 
of tin, alternating with 7 thicknesses of heavy broadcloth, were all stitched together without any pre¬ 
vious puncturing of the tin. To test the variation in thickness of the work which is permisdble 
without change in the adjustment of either tension, seams were made passing successively from one 
to three and four thicknesses of leather, thence to muslin and to the thinnest tissue paper. Calf-skin 
and India-rubber were sewed together, and the feats of making seams with copper wire instead of 
thread, and using a purposely knotted under thread, were successfully performed; and the machine 
was finally run at a speed of over 2,000 stitches per minute. In a reciprocating-shuttle machine, this 
would necessitate 4,000 single excursions of the shuttle per minute, or 66| in a second of time.** 

Shuttle Machines. —These machines outnumber all other forms, and with regard to construction 
are of two principal varieties: Ist, those having oscillating shuttles, which move in a curved path in 
a vertical plane; and 2d, those having reciprocating shuttles, which move in a curved or straight path 
in a horizontal plane, either (a) at a right angle to the needle-arm, or (b) parallel to the same. 

Besides the machines above named, others have been construct^ having rotary shuttles and sta¬ 
tionary shuttles; but these have not come into any extended use, and hence are not spedallj 
described. 

Osdllating-Shuttle Machines .— The Wilson Sewing Machine^ manufactured by the Wilson Sewing- 
Machine Company of Chicago, is represented in perspective in Fig. 3842. Tlie working parts beneath 
the machine are clearly shown in Fig. 3843. The shuttle is separately represented in Fig. 3844. In 
the shuttle is placed the bobbin 97, the thread from which is carried through a slot 98, under and 
between tension-disks 99, and around a tension-stud 100, and thence through the hole and gnaid- 
spring 96 and 96. A swing-cap is then brought over the bobbin, and the shuttle is placed on a car¬ 
rier in a circular race, a front view of which is given in Fig. 3842. In Fig. 8848,69 is the oscillating 
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shaft that operates the shuttles, and 70 is the rotary shaft which actuates the feed; 78 is the stitch- 
regulating cam; 73 is the feed-cam; 76 is the shuttle-race; 77 is the feed-bar pin; 19 is the stitch- 
regulating nut; 79 is the feed-regulating screw; and 72 is the feed-regulating clutch. Also at 73 is 

shown the spiral feed- 

8848. spring. 

The shafts 69 and 
70 are actuated re¬ 
spectively by the ec¬ 
centric pitman 53 and 
the pitman - oscilla¬ 
ting crank 57. liotli 
of Ihese receive mo¬ 
tion from the eccen¬ 
tric on the main shaft, 
shown in Fig. 3842. 
At 38, in Fig. 3843, 
are take-up screws, 
at 60 is the rotating 
8haft-ci*ank, and at 

62 the shaft-crank pins. It will be evident that as the shuttle-carrier oscillates, the shuttle is car¬ 
ried to and fro through the loop, the point of the shuttle entering the latter as the needle descends 
into position. This machine is notably simple in construction and easy in operation. It is provided 
with an ingenious take-up attached to the aide of the needle-bar case, which draws up the shuttle 








thread, tightens the stitch, takes thread from the spool, and keeps the slack thread away from the 
needle point until the needle enters the fabric. 

Machines having Reciprocating ShuUles.~-(a.) Shuttle moving paralld to needle-arm.—The Singer 
Sewing Machine, manufactured by the Singer Sewing-Machine Company of New York, differs from 

other shuttle machines in the 
direction of the movement 
of its shuttle as Above intli- 
cated. The shuttle itself is 
shown in Fig. 8845, and will 
serve as an example of the 
usual form of the appliance 
in most machines into which 
it enters. A is the body, 
B the bobbin wound with 
thread, and C the thread- 
guide. Fig. 3846 represents 
the shuttle A placed in the 
shuttle-carrier K, with the 
point of the shuttle just en¬ 
tering the loop. 

(6.) Shutth movinij at right 
angles to needle-nnn .— The 
Ilonschold Sonng 
manufactured by the Keats 
Machine Company of Provi¬ 
dence, R. I., is represented in 
Fig. 3847. The shutllo-lcver 
receives motion from the eccentric lever connected with the main shaft, through a universal joint, the 
eccentric lever being held 'in a swivel. This swivel is supported on pointed centrc-sorews, one of 
which is adjustable by means of a check-nut. At the upper end of the eccentric lever is a hard®tfd 
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wedge, which by means of a screw may be adjusted so as to take up any wear. Hardened steel wash¬ 
ers, concave on one side, fit against the ball which forms the universal joint so as to give it a large 
bearing surface, and the ball itself is split and provided with a taper serew so that it may be expanded. 
The feed-bar is not pivoted at one end as is usual, but has a spring-seat, so that it may be rai.sed 
parallel to the bottom of the presser-foot. The shuttle has an open end, with the bobbin resting 
upon the shuttle-carrier. The use of a head-piece is thus obviated, and by this means it is claimed 
t^t a greater quantity of thread can be used. Other distinctive features of this machine arc 
as follows: The band-wheel can be tightened or loosened on the shaft at will, to facilitate wind¬ 




ing of the bobbin. The tension-bracket, having a locking seat, presents a parallel surface to the 
tension-spring in all positions. The lifter has a triple cam, so that it may be adjusted to raise the 
presser-foot for ordinary work, and the foot-hemmer into position for receiving cloth for hemming, or 
to remove both foot and hemmer. The needles are made with shanks of different size.s, corresponding 
to sizes of blade, so that each blade is brought the same distance from the shuttle. The needles are 
also self-setting. A needle-guard of steel between the shuttle and needle prevents breakage of the 
latter. 

The New Home Sewing Machine^ made by Johnson, Clarke k Co. of New York, is represented in 
Fig. 3848. The shuttle-carrier is a bell-crank pivot^ beneath the machine, and receiving motion 

from a horizontal eccen¬ 
tric by means of a link. 
The feed-lever is actuated 
by a cam on the vertical 
shaft, and its motion is 
govcnied by a stitch-regu¬ 
lator bar which moves in 
longitudinal ways beneath 
the plate. The chief fea¬ 
ture of this machine is 
the fewness of its work¬ 
ing parts. Other peculi¬ 
arities of construction are 
clearly shown in the en¬ 
graving. The special ad¬ 
vantages claimed for it 
are a self'setting needle, 
an automatic tension, a 
means of winding the bob¬ 
bin without running the 
entire machine, a dial for 
regulating the length of 
stitch, a spiing tension-shuttle, a self-acting take-up, a powerful feed-motion, and easy adjustability 
of all parts. 

The White Seveing Machine^ manufactured by the White Sewing-Machine Company of Cleveland, 
Ohio, is represented in Fig. 8849. The shuttle is here caused to reciprocate by a pivoted lever, which 
receives motion from a lever-arm and baU. To this arm a to and fro motion is imparted by suitable 
connection with the eccentric on the main shaft. The feed-lever also derives motion from this eccen¬ 
tric, and imparts it to a disk on the end of the feed-arbor under the machine, as shown. At the 
opposite extremity of the feed-arbor is the feed-cam. On the side of the machine opposite the cam 
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ia the feed-screw, by adjusting which the stitch is lengthened or shortened. The feed is double— 
that is, on both sides of the needle—so that the operator can carry the fabric through either side as 
desired. This feature, and the large space under the arm, are special advantages claimed for thU 
machine. The shuttle is self-threading, is of solid steel, and carries an extra-large bobbin. The 
shuttle-tension is so arranged that it can be increased or diminished without removing the shuttle. 
Set-screws are provided in all boxes and bearings, so that any lost motion due to wear can be at 
once taken up. 

Tha Domestic Sewing Machine^ made by the Domestic Sewing-Machine Company of New York, 

is represented in Fi?. 
S850. Near the right- 
hand end of the main 
shaft and within the 
arm are two eccentrics 
from which motion is 
given to the feed- and 
shuttle-levers beneath 
the machine. The shut¬ 
tle is provided with a 
spring-latch pivoted to 
it, which extends along 
the shuttle, and is bent 
to close the open end 
of the latter. The • 
spring rests on the 
thread and gives it 
the necessary tension. 
The shuttle is placed 
loosely in the fingers 
of the swinging carrier 
or lever, and inclines 
downwai^ and outward 

to the left against the upright inner face of the race in the bed of the machine. The take-up for the 
government of the thread is a combination of the spring and the positive methods. The strain that 
it puts on the thread is modified by the spring, but the action which relieves the strain is positive. 
The fly-wheel may be made tight or loose on the shaft, as desired. The shuttle-lever is forked at 
one end to receive the ball-like extremity of the vertical lever pivoted to the standard and*embradng 
a cam or eccentric on the main shaft. The latter actuates the needle-bar by means of a crank-pin 
at its outer end, which enters a curved slot attached to the bar. The four-motion feed derives its 



motion from a bull-crank actuated by a horizontal lever, moved by a vertically reciprocating connect¬ 
ing-rod which is driven by an eccentric on the main shah. 

(2.) Single-Thread Chain-Stitch Machines. —The WlUcox & (Hhbs Sewing Maddne is the chief 
representative of this class. The shaft of the machine is operated, as is usual, by a belt from a large 
wheel driven by a foot-treadle. An eccentric on the main shaft moves a pitman which causes the 
vibration of the pivoted arm or lever, to which is connected the needle-bar, which is thus recipro¬ 
cated up and down. The needle, which is straight, passes up within the needle-bar, and is clamped 
in place by a nut which is screwed upon the lower split end of the latter. The presser-foot is sup¬ 
ported by the stationary G-shaped arm of the machine, and serves to hold the fabric in place upon 
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the table. The presser-foot is held down by a springy and is lifted by a small cam-lever. The 
general construction is shown in Fig. 3861, upon which the names of the parts are marked. 

The essential features of the Willcox k Gibbs machine lie in the mechanism for producing a 
twisted-loop stitch, which was patented by Mr. J. £. A. Gibbs, and in the automatic tension devised 
by Mr. Charles H. Willcox. In the stitch mechanism, a rotating hook causes the relations of the 
threads on each side to become changed toward each other. The different parts of the hook are 
shown in Fig. 3852, in which 18 is the shank, 19 the point of the hook, 20 the cast-off,** and 21 the 
heeL KKis the shield for protecting the thread from oiL In Fig. 3853 the needle, having descend- 
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ed to the lowest point, carrying down the thread, has just begun to ascend; and a loop is thrown off 
on the back side of the needle just in time for the point of the hook to enter it. As the needle nses, 
the hook, moving in the direction of the arrow, passes into the loop, drawing it down and spreading 
it. As the hook advances from this point the loop begins to twist; thread No. 1, Fig. 3854, moving 
to the ripht, slides off the shoulder at the centre of the hook and falls down to the shank, near the 
shield III while the heel, 21, catches the back side of the loop 2, and swinging it around passes into the 
loop which is being reversed. As the hook still advances and the heel passes farther into the loop, 
thread No. 2 slides into the angle at the centre 

of the hook, as seen in Fi". 3866. The loop is 8868. 

now completely reversed, thread No. 2 being on 
this side of the needle, and thread No. 1 on the 
back side. While the old loop thus twisted and 
spread out is held open on the body of the hook, 
the point 19 enters the new loop and carries it 
into the old one, as seen in Fig. 3856; and as the hook continues to revolve, the cast-off, 20, passes 
out of the old loop and leaves it to drawn up to the under side of the fabric, as in Fig. 3857, 
which completes the stitch. 

The position of the thread in the twisted-loop stitch Is shown in Fig. 8858. In Willcox*s auto¬ 
matic tension, instead of subjecting the thread (the spool containing which is placed on a carrying 
peg above the fixed arm of the machine) to a continuous tension produced by partially confining it in 
a groove or clamp through which the motion of the machine draws it, it is made to pass between 




two disks, held together by a spiral spring firmly enough to hold the thread inflexibly and to draw it 
through the fabric to a definite distance, until more is required to make a new loop. The strain is 
then relieved by a small rod striking against the lower end of another rod attached to the upper disk. 
A uniformity in the drawing up of each stitch is thus secured, and as the necessity for change in 
tension when different sizes of thread or thicknesses of cloth are used is done away with, no provision 
is made for change by the operator. 

As shown in fig. 3851, the main shaft extends under the machine, and an eccentric on this, back 
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of the rotating hook, enters a slot in the feeding bar and gives it the usual four motions. The 
length of the stitch is regulated by an eccentric lever, by means of which the play of the feed-plate 
is restricted at will. 

(3.) Double-Thread Chain-Stitch Machines. — The Chrover d: Baker Sewing Machine, shown in Fig. 
3869, uses two needles, an eye-pointed needle above and a curved eye-pointed needle or looper beneath 
the cloth-plate. Motion is given to the lower needle G as follows: In the end of the lower vibrating 
arm is a slot, in which stands the post T resting on a fixed step. The portion of this post which 

passes through the slot in the arm is flattened 
and of a spiral form, so that it is caused to 
make a half revolution by the upward and down¬ 
ward motion of the arm. The under thread is 
taken directly from the original spool K, thence 
passes through the guide L, and thence to the 
looper. The relative motions of the upper needle 
(which is curved) and the looper are so timed 
that they alternately enter the one into the oth¬ 
er’s loop, and thus produce the stitch shown in Fig. 3860. The tightening of this stitch makes a 
firm knot. The upper needle is attached to the end of the vibrating arm C. The main shaft R 
rotates under the bed-plate A, and is placed at right angles to the direction of the arm C. A double 
cam on this shaft, combined with a spring, gives motion to the ordinary four-motion feed. The 
length of stitch is varied by the time which the feeder is kept out of contact with the cam at the end 
of the backward stroke. B is the stationary arm to which the presser-foot D is attached. The 
upper thread, the spool of which is shown at /T, gets its tension by passage through metal dbks /, 
and thence passes directly through plain guides to the 
needle. A light spiral spring at O, over which the 
thread passes, serves to ket j) the latter taut except 
when the strain is relieved by the automatic action of a 
pair of small nipper-springs, wliich grasp the thread and 
hold it back long enough for the formation of a loop. 

II. Waxed-Thread Sew'inu Machines. — These are 
chiefly used for sewing up the sides of boots and 
shoes, in harness-making, and for all purposes requir¬ 
ing stitching of leather. Examples arc given of both 
the lock-stitch and the chain- or loop-stitch machines. 

The KecUe No. 1 Wax-Thread Sewing Machine, man¬ 
ufactured by the Providence Tool Company of Provi¬ 
dence, R. I., is a lock-stitch machine, producing a stitch 
alike on both sides, with thread waxed with shoemakers’ 
hard wax. Referring to Fig. 3801, the parts are as 
follows: Power is transmitted to the driving-shaft 6 
by means of a horizontal shaft carrying the bevel fric¬ 
tion-pulley 30, and also the driving-pulley. Pulley 30 
is caused to come in contact with pulley 29 on the up¬ 
right shaft, by pressure on the treadle 20. The case 
11 incloses the stitch-register. It is connected to the 
upper end, and records the revolutions of shaft 6. At 
13 is a hand balance-wheel. At 38 i.s a cam for giv¬ 
ing motion, through lever 39, to the needle-bar 43. 

Attached to cam 38 is cam 37, which acts on the 
presser-bar lever 40 and presscr-bar 44, for the pur¬ 
pose of relieving to a cer¬ 
tain extent the pressure on 
the material while the feed 
is acting. Cam 36 operates 
lever 41, for the purpose of 
giving motion to the shut¬ 
tle. Cam 35 operates the 
separator 46, the use of 
which is explained farther 
on. Cam 33, through the 
lever 34, gives horizontal 
motion to the feed. Cam 
32, through a lever not 
shown, gives motion to the 
whirl-shaft 49; and cam 81 
gives perpendicular motion 
to the feed through lever 26. By means of lever 28, cam 67 operates at intervals the brake 23, pv- 
ing increased tension on the spool 24. At 46 is the shuttle-holder, and at 16 the crank-lever whidi 
operates it. At 66 is shown an extra faoe-plate for heavy work. The shuttle, which holds about 
100 ft. of linen thread, is round, about H in. in diameter, and has a recess on the side of whidi is a 
hook to catch the thread-loop. The needle is straight and barbed. The operation of the machine is 
as follows: 

The spool 24, after being filled with hard-waxed thread by a waxing machine provided for the 
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purpose, is adjusted in place, and the thread is drawn up through the whirl- or looper-shaft 49, and 
thence through the needle-plate. The looper-shafh has an oscillating motion, and its object is to wind 
the thread around and upon the hook of the needle when the latter has fully descended. When the 
loop is drawn up on the hook of the needle to its extreme height, the point of the separator 46 enters 
the loop and spreads it. The needle next descends a short distance, simply to release the loop and 
leare it on the separator, and then returns. The instant the needle casts off the loop upon the sepa¬ 
rator, the hooked point of the shuttle enters it and starts around. On the upper side of the shuttle 
are two holes, opposite one another, above and corresponding to which holes are pins connected to 
an upright spindle inside the shuttle-box. The^ pins have a walking-beam motion, rising alternately, 
so that one of them is in constant contact with the shuttle, while they oppose no obstacle to the pas¬ 
sage of the thread around the same. As soon as half the loop or one strand of thread is engaged in 
the hook recess in the shuttle, the latter oscillates, the pins lifting at the proper time to let the goods 
pass, and the feed-point moving the goods along. While the above is taking place, the needle 
descends, catches the under thread, and rises. Meantime, the hook on the shuttle has carried one 
side of the loop entirely around it. The two parts of the loop are thus brought together, and, the 
thread having just slipped off the separator, the loop is left with the shuttle-thread loose within it. 
The stitch is finally drawn tight and into the body of the material by the rising of the needle. Fig. 
8862 shows the stitch and the manner of making it. 

Loop-SUich Waxed- Thread Semng Machines .—In waxed-thread sewing machines which make the 
loop stitch, an awl is usually employed, which is driven downward through the leather by the upper 
mechanism. When the awl rises, the needle, which is hooked or barbed, follows it through the mate¬ 
rial, and receives a thread-loop from a small horizontally swinging arm, which is supported by the 
arm or upper portion of the machine. When the needle descends, it carries a loop of thread through 
the loop last formed. The feeding of the work through the machine is effected by a lateral move¬ 
ment of the needle. 

III. Shoe-Sewino Machines. —The sewing machine for boots and shoes was for some time made 
similar to the ordinary leather-sewiiur machines. This, however, did not reach the inside of the 
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shoe in a satisfactory manner to sew the upper to the insole, although stitches could be put on the 
outside which sewed the soles together. The shoe-sewing machines as at present made produce 
either the loop or lock stitch. 

The McKay Shoe-Sewing Machine is a lock-stitch machine, and has for its essential feature a device 
at the end of the jack, inside the shoe, which acts in concert with the needle. This device is called 
the whirl, and is represented at A in fig. 8863. It is simply a small ring having bevel-teeth on its 
exterior, so that it is rotated by the pinion B. This pinion receives its motion by the rods and bevel¬ 
gearing, which communicates with a cam movement in the rear of the upper part of the machine, 
^e whirl is placed at the end of a horn, and the waxed thread from the spool is led through a side 
aperture in it. The needle, represented in Fig. 3864, passes down through a central orifice in the 
whirl. A shoe is placed on the horn, and the stitching is commenced preferably at or near the 
shank. As the stitching proceeds, the horn is rotated, and the shoe moved thereon so as to bring it 
properly under the action of the needle. The end of the horn is covered by a plate in which is an 
orifice over the whirl. The hooked needle, after penetrating the sole resting on the born, has the 
waxed thread laid in its book by the whirl, and in ascending it draws a loop of thread through the 
sole and upper. A cast-off, Fig. 3864, closes the hook and prevents the escape of the loop while 
the shoe is moved for a new stitch; and when the needle next descends, it passes through the loop 
on its shank and draws a new loop up through it, in this way enchaining one loop with another. 
Just enough thread is drawn from the spool to form a stitch, this action being automatie according 
to the thickness of the material being sewm. The feed-point has a reciprocating motion which 
pushes the work under the needle. 

The Goodyear and McKay Sensing Machine is of different construction from that described, it hav¬ 
ing a straight awl and circular needle. The latter works in a circle of less than 2 in. in diameter. 
Another important feature is the needle-guard, working concentrically with the needle, forming a 
brace which supports the point of the needle in entering the work and in drawing up the stitch, 
thereby preventing the springing or breaking of needles. In operation, this brace or support goes 
down with the ne^le until the point of the needle enters the work, and there remains until the needle 
returns, supporting it close to the barb, when the greatest strain comes upon it in drawing up the 
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stitchin}^ around the edge of the sole the position 
of the needle can be changed at the will of the op¬ 
erator. The feeding mechanism is actuated above 
instead of below the work, as in the waxed-thread 
machine already referred to. Among the advan¬ 
tages claimed for the lock stitch in shoe-sewing are 
the small channel required, a saving of some aO per 
cent, of thread, and the possibility of using finer or 
coarser thread either at top or bottom, as desired. 

IV. Buttonhole and Eyelet-making Machines. —Tht NeUioned Buttonhole Machine is represented 
in Fig. 3867. The feeding mechanism is the peculiar feature of this machine, the stitch-forming me¬ 
chanism being identical with the Wheeler k Wilson No. 7 machine. On the driving-shaft of the 
machine is fastened a switch-cam, .which projects through an aperture made in the bed-plate. Work¬ 
ing in this cam is a follower, which is adjusted at one end of one of two driving-levers. These have 
their fulcrums at their opposite ends, and are joined together by an adjustable link, which is secured 
to the driving-levers by means of sliding blocks. One of these levers is secured to a driving-pUte 
gibbed on the bcd-platc. To the opposite side of this sliding plate is attached a cloth-clamp and plate, 
between which is placed the material in which buttonholes are to be made. The redprocating motioii 
which the follower receives from the switch-cam is conveyed through the levers and sliding plate to 
this cloth-clamp, and gives the necessary vibratory motion requisite to form the buttonhole or over- 
edge stitch. This vibration is timed to take place immediately after the needle leaves and before it 
reenters the fabric. On this vibrating sliding plate is fulcrum^ a feed-lever, which is also adjustably 
connected to a feed-arm gibbed in ways to the l^-plate. The vibration of the sliding plate imparts the 
motion by means of this arm and lever to a feed-dog, which revolves a ratchet-wheel The revolution 
of this w'heel gives motion through a variable-motion device to a wheel which is geared to a feed-disk, 
said wheel being revolved twice to one revolution of the feed-disk. This feed-disk is slotted in its upper 
surface. In this slot is adjustably connected a pitman which at the other end is secured to a feed-plate 
working two ways in an independent change-plate, which is adjusted upon the vibrator as shown. To 
this feed-plate is attached the cloth-clamp before referred to. The action of the feed-disk and pitman 
as a crank-wheel and crank imparts the feeding or longitudinal step-by-step motion to the elotb^clamp, 
moving the fabric placed therein in that direction, while the lateral reciprocating motion is imparted 
by means of the switch-cam levers and vibrating plate before described, thus making the over-ed^ 
stitches along the side of the buttonhole. When the end of the buttonhole is reached, a cam coirecuy 
adjusted on the shaft of the feed-disk, working against a cam-strap, moves the independent change* 


stitch. The essential portions of this machine, the curved needle being represented as entering the 
shoe-sole, are shown in Fig. 3665. « 

The Keats Lock-Stitch Shoe-Sevying Madiine^ represented in Fig. 8866, is the same in shuttle 
mechanism and in general construction as the waxed-thread machine by the same makers, described 
on page 744. Its essential advantage is the pro¬ 
duction of the lock stitch. The shoe or boot, after 8W6. 

the insole, upper, and outsole are shaped and tacked 
together, is placed over the horn as shown. The 
under thread is taken from a large spool attached 
to the lower part of the horn, and is passed up 
through the same to the needle-plate. Tlie horn at 
its lower extremity is hung in bearings, so that in 
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plate and the cloth-clamp attached thereto, bringing the unstitched side of the buttonhole under the 
needle, while the natural reverse movement of the pitman in the feed-disk or crank-wheel causes the 
material to be moved in the opposite direction, thus laying the stitches in this second side of the but¬ 
tonhole the same as and parallel with the side first worked. The action of this cam*strap and change- 
plate is so gradual from side to side that a number of stitches are interlocked across the ends. Thus 
the buttonhole is automatically worked on both sides and barred at both ends without handling or 
stopping the machine. The quality or closeness of the stitches can be changed by moving the screw 
shown, which works in the fe^-arm, thereby giving more or less motion to the feed-lever and ratchet, 
and consequently through the intervening mechanism to the cloth-plate and clamp, and its step-by- 
step movement mentioned above. The depth of vibration is changeable at will by the adjustable link 



connecting the two levers, which connect the follower in the switch-cam with the sliding plate. The 
length of buttonhole is varied as desired by the connection of the pitman with the slotted feed-disk. 
Moving this connection to the outer surface gives a longer buttonhole, and toward the centre a shorter 
one. The cutting space in the centre of this buttonhole is changeable by a thumb-screw that changes 
the fulcrum of the cam-strap against which the change-cam on the feed-disk shaft operates.' 

The Nationed Eyelet Machine is the same as the National buttonhole machine so far as the stitch¬ 
forming mechanism and the cam on the driving-shaft, follower, and the two driving-levers are con¬ 
cerned. Connecting with the last of these two driving levers by an adjustable link is a third lever, 
fulcrumed to the b^-plate and connected at the other end with a sliding plate. The plate has fast¬ 
ened to it a dog operating on a ratchet-wheel which is located directly under the needle of the machine. 
This ratchet-wheel, the upper portion of which forms a revolving cloth-plate, has in its upper surface 
inserted a number of sharp points or pins. In the centre of this plate, and projecting through it, is 
a slotted finger or stud that is secured to a sliding cloth-plate. This sliding plate also has a slot cut 
in its surface to admit of the needle entering. This sliding cloth-plate is attached to the regular 
sliding plate of the machine, which gives it a vibratory motion, at the same time that the revolution 
of the ratchet-wheel and fe^-plate gives the circular feeding action to the material. In the place 
of the cloth-clamp of the sewing machine is a circular foot that clamps the material securely to the 
revolving feed-plate, and, by its force in pressing the material against the slotted finger, causes this 
finger to perforate the material, making the hole of the eyelet. This hole is varied by using a larger 
or smaller finger. All variations of depth of vibration, qualities of stitch, etc., are accomplished by 
the moving of thumb-screws that change the fulcrums of the various levers. 

V. Book-Sewino Machines are used to stitch together the sheets or signatures which make up the 
body of a book. In hand-binding, after a book has been pressed in the smashing machine, it passes 
to a sawing machine preparatory to sewing. Several volumes are taken together, and by means of 
revolving saws cuts (usually five) are made in the backs, of a size sufficient to admit the bands of 
twine to which the sheets are sewed. The sewer has a wooden frame, which consists of a table with 
two upright screws, supporting a horizontal and adjustable rod, to which three strong bands fastened 
on the table are attached at distances corresponding to the three inner saw-marks. The sewer places 
the first sheet against the bands, and passes the needle from the first cut or kettle-stitch to the in* 
side of the sheet, then out and in at every band, embracing each with the thread, until the bottom is 
reached. The next sheet is sewed in the same manner, but in an opposite direction, and so on alter¬ 
nately until the last. 
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Smyth's Book~Sewiny Machine^ the invention of Mr. D. M. Smyth of Hartford, Conn., is represent* 
ed in Figs. 3868 to 8873. This apparatus is remarkable not only for the great ingenuity of its con* 
struction, but for the rapidity with which it operates and the strength of its fimshed work. It is 
capable of sewing 60 signatures per minute, and inserts 8 separate threads if need be, any one of 
which may be cut or broken without impairing the holding of the others. The machine, which is 
represent^ in perspective in Fig. 3868, uses 8 spools, and is capable of sewing any book in length 
within the compass of its supporting-bar and up to 8 inches in thickness. On the left of the ma¬ 
chine in Fig. 8868 is a pivoted upright rod A having four radial arms. This rod has an up and 

i sscs. 


down movement in its bearings, and also a movement of rotation. The attendant begins by pladng 
a signature or folded sheet over the arm, which projects directly toward him. The paper is adjusted 
and held in place by means of a clip B. By the action of the cam shown beneath the machine and the 
arm connected thf ewith, the upright rod A is rotated and at the same time raised. Meanwhile the 
four presser-fect i .lown are swung upward, so that the sheet by the rotation and subsequent rising of 
the rod and arm is brought directly under the needles, when the pressers close down on it; at the 
same time a stop strikes the clip B and raises it. The signature is then in the position shown in Fig. 
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3868. Referring now to Fig. 8869, the clip B ia shown raised. Working in guards on a cross-bar of 
the machine are two curved needles. One needle is shown in full size in Fig. 3870. A needle C, as 
indicated by the dotted lines, is represented in Fig. 8869 as having passed down through the back of 
the sheet. This it is enabled to do by a suitable recess made in the swinging arm. The point of the 
needle has an eye, and through this the thread has previously been placed. As the needle-point 
emerges from the paper a long horizontal needle comes forwa^ from the rear of the machine and 
passes through the loop of the thread. The end of this needle just entering the loop is shown in Fig. 

3869. The curved needle then is retracted, the supporting arm descends, and the sheet is left held up 
by the stitch and pressed back against the preceding sheets by the pressers. In the same Way as 
already described, another signature is now brought into place. This time, however, the curved needle 
C does not act, but the stitch is made in precisely similar way by the opposite curved needle Fig. 
3369. The loop from this needle is taken by the same straight needle as before, as its point comes 
out at the same place. It will be seen therefore that the needles C and D constitute, so to speak, a 
pair, and that they operate in turn on alternate signatures. From Fig. 8868 it will also be noticed that 
there are four pairs or sets of these curved needles, and that, as all work alike, the left-hand needles 
put the stitch in the first signature, for example, the right-hand ones in the next, and so on. This 
will be more clearly understood from Fig. 8871, which represents the backs of a scries of sheets. 
Here the long horizontal needles which move out from the rear are shown at A*, carrying the loops, 
the positions of the stitches in alternate signatures being indicated by the dotted lines. The object 
of thus alternating stitches is to make the fiiished book of even thiclmess. In Fig. 8872 are shown 
the horizontal ne^e and the sheets suspended therefrom by the loops, in perspective. In the end 
of the needle is an eye. After the desired number of signatures have been sewed, a piece of stout 
cord is rove through the needlc-ejes, and then the frame carrying all four needles is retracted. The 
effect of this is to draw the cords through all the loops, thus firmly locking the stitches. It will be 


clear that not only are the pairs of adjacent stitches made by each pair of curved 
needles entirely independent of all other stitches made by other sets of needles, but 
that the stitch made by the right-hand needle of each pair is independent of the stitch 
made by the left-hand needle. 

The mechanism by which the operations above described are effected is exceedingly 



simple. An automatic tension keeps a uniform strain on the threads, and a novel 
dutch on the driving-wheel enables the operator to govern the action of the machine. 

It may be added that this machine is but a single representative of a series of devices 
of similar nature by the same inventor. The principle of one of these, for sewing in 
strips of raw hide in the backs of heavy books, is represented in Fig. 8878. After the 


88^2. 8878. 



backs are sawed, each signature is so lifted and adjusted that certain portions of its 
edge are pushed aside. Eye-pointed needles then pass through the portions of the 
edge not bent down, and over the raw-hide strips laid in place, os shown. The stitches 
are locked in the middle as already described. 

VI. Oterhakd or Running-Stitch Sewing Machines. —The principal representative 


8fm. 



of this class of apparatus is the Laing overhead sewing machine, used for stitching seams 
of heavy bags. An illustrated description of the mechanism a.ipears in the ticinilijic Amei'ican^ 
xxxvii., 146. The peculiar feature of the machine is the meany of making the stitch. The needle 
is caus^ to pass completely through the fabric from “overhead ” to the under side, and then, pass¬ 
ing upward round the edge, once more pierces and passes thre igh the material, and so on. This is 
a copy of the action of hand sewing in making a seam where the thread or cotton continually encir¬ 
cles the two edges which are brought together to be united. This effect, or stitc/^, is produced by a 
circular helical needle, which makes two or three turns round a central spindle. The interior diame¬ 
ter of the circular needle is considerably greater than that of the spindle within it ;,and as the driving- 
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band is arranged by guide-pulleys to pass only round one side of the needle and spindle, the needle 
is thus pressed away from the spindle upon one side, and is suitably placed for piercing the material 
as it revolves. One end of the spiral needle is of course sharpened, and the other end by a hook 
engages the thread, and thus carries it through and through the material, making a lapping stitch 
round the edges of the seam, which cannot thus be distinguished from hand-sewing except by its 
regularity and evenness. 

SEWING-MACHINE ATTACHMENTS. Auxiliary devices used in connection with the sewing 
machine to increase its capabilities. They are used with all forms of the sewing machine for ordi- 


3874. 8875. .3877. 





ming. The fold then passes under the nee¬ 
dle and is stitched dowm. 

The Corder^ shown separate in Fig. 8878 and attached in Fig. 3879, is used to place a cord be¬ 
tween thicknesses of cloth. It is attached to the presser-foot, and has a tube whidi oonducU the 
cord close to the line of stitching which holds it in place. 


The Quilting or Bosom Oaugty Fig. 3876, is attached 
to the presser-foot. The work is passed beneath it. The 
finger of the gauge is set to serve as a guide for the edge 
of a fold when stitching shirt-bosoms, or for a preceding line of stitching when it is used for quilting 
The Hemmer^ shown separate in Fig. 8876 and attached in Fig. 3877, is substituted for the ordi¬ 
nary presser-foot. The fabrie to be hemmed is passed with its edge entering the scroll, the latter 
being so shaped as to fold the edge of the 
cloth over twice, as is done in hand-hem- 

3880. 


nary fabrics, and for such do not materially differ in essential particulars. Those here illustrated 
are specially contrived for application to the Wheeler & Wilson machine. 

The PUUe-Oauge^ Fig. 3874, is attached to the cloth-plate by means of a thumb-screw, so that it 
can be set at any desired distance from the needle. It 
is used as a guide to enable a line of stitching to be 
made at uniform distance from the edge of the fabric. 
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also. Both are then moved forward together, the ruffle being moved a greater distance than the band 
at eadi atitch, thus causing its fullness, the amount of which is controlled by the small lever shown 
above the device. 


In Toofs Standard 
niBer, represented in 
Fig. 8861, the ruffling 
mechanism is entire¬ 
ly independent of the 
feed. The advantage 
of this is that the 
raffle, being placed 
above the band, can 
be plainly seen and 
more easily regulated 
to the desired full¬ 
ness. The gathering 
mechanism consists 
of a blade or knife, 
nliich either pulls the 
raffle into gathers or 
folds it into a succes- 
don of small plaits. 
The device is attached 
to the bed of the ma¬ 
chine by means of 
die Unimb-screw 7. 
The raffing blade is 
aetn a t ed by the lever 
2, wfaidi eonneots it 
to the needle-bar, and 
the foBnees is regtda- 
ted fay the star-shaped 



screw near the lever. 


Tk$ Bmder^ and the same in place, arc shown respectively in Figs. 8882 and 3883. It is attached 
to the olotb-plate by screws. The material is passed through it as shown, and guides are set to the 
proper width. Kg. 8884 represents the seam-stay foot or trimmer, which is used for stitching stay¬ 
binding over seams to strengthen them, and also for sewing trimming upon clothing. It is substi- 
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tuted in place of the ordinary steel presser-foot, and the etay-binding is passed up through the first 
and down through the second slot, as shown. 

The Braider is represented in Fig. 8885. A piece of glass, of the form shown in Fig. 3886, is in¬ 
serted in the presser-foot, and through a hole in this the braid is passed and thence conducted under 
the needle. The pattern is usually first stamped on the fabric. 

The Tack-Marker is represented in Fig. 8887. It is attached to the cloth-plate by a screw. The 
loose cod of the connecting-rod j is inserted in the tube k. The gauge a is set as far from the 
needle as the width of the tuck is desired to be; and the end of the operating lever e is placed under 
the end of the needle-bar, with the end passing through the eyelet. The clamp-screw p on the 
gauge is then loosened, and the creaser g is set as far forward as it is desired to fold the cloth for 
the next tuck. The fabric is placed beneath the spring U 

The Seam-Thrimmer. —Fig. 3888 represents an ingenious device for trimming seams of leather 
work. The knife D is attached to the trimmer-bar C. It is thrown out of action by means of the 
knob By by which the rocker-shaft A is drawn forward, causing the knife to be lift^ and held up 
by the spring. To set the blade in operation, the knob at the top of the trimmer-bar C is pressed 
down when the needle is at its highest point. Fig. 8889 represents the rolling presser-foot, which is 
preferable when leather is being stitched. 

SHAFTING. Under this generic term is now included all that series of mechanism which is used 
to convey motion from the motor to the machine. 

Shafts, once made of heavy timbers supported by iron gudgeons, are now replaced by light, polished 
iron bars, turned cylindrical and carefully straightened, to reduce friction to a minimum and to keep 
the rotating mass in perfect balance; and by the best makers they are also ground to standard gauges 
to insure a sufficiently uniform diameter. Shafts thus finished are known commercially by the size of 
bars from which they are made, but really measure one-sixteenth of an inch less in diameter (one- 
sixteenth of an inch, or by some makers one-tenth, being required for finishing). Some manufacturers, 
however, planish shafts by passing them through rolls, etc.; these shafts, ^own as cold-roUed, have 
an actual diameter equal to their nominal diameter. 

Shafts, once sold by the pound, are now sold by the running foot, and the principal dealers keep a 
stock of the usual lengths ready finished on hand; these lengths are generally accommodated to the 
usual distances between the floor-beams in mills, and vary from 8 to 22 ft., the hangers generally 
being placed 7, 8, 9, 10, or sometimes even 11 ft. apart. This distance in a measure determines the 
diameter of the shaft to be used, a larger diameter being of course required to span the longer bays; 
for shafts are subject to two kinds of stress, the torsional one of transmitting power, and a lateral 
one between bearings, where the shaft acts as a beam fixed at both ends and deflected by gravity or 
by the pull of the belts. A shaft abundantly strong to resist the torsional stress if properly sup¬ 
ported, may yet sag by its own weight between the bearings if these are not sufficiently close to¬ 
gether. Hangers may be separated by from 6 to 9 ft under ordinary circumstances. By diminishing 
the size of the shaft and increasing the number of bearings, we .diminish the weight of the mass to 
be moved, and consequently its momentum and inertia and the resultant friction. Thus, for ex¬ 
ample, in cases where, from scarcity of water or other cause, it becomes necessary to economize to 
the greatest extent in the use of power, the very lightest shafts are employed, and hangers are 
placed at exceedingly close intervals, and even, in some coses, additional hangers of long drop are 
placed beside each pulley. 

As rigidity between bearings is deemed so desirable, it is frequently obtained without materially 
increasing the journal-friction by employing large shafts, but reducing them at their bearings to a 
considerably smaller diameter. Thus a 6-inch shaft might be turned down for 4-inch bearings, and 
by this means the surface velocity of the journal, and consequently its tendency to heat, would be di¬ 
minished ; while the shoulders thus formed would abut against the boxes and prevent end motion of 
the shaft. In the absence of such diminished bearings, collars are used to prevent longitudinal 
motion in the bearings, and are either shrunk or welded on and turned up in place, or secured by 
set-screws. Collars should be placed at the ends of the same bearings, and not, as they are some* 
times put, at opposite ends of the line of shafting. Differences in temperature will constantly alter 
the length of the line, and thus bring the collars too far apart or too close together. For example, 
in a line of 890 ft. (not an excessive length) the increment will be about one-thirty-second of an 
inch per degree F.; and a change from winter to summer—say from 40® to 98®—^would increase the 
length of the line 1}J inch ; that is, if the collars were right in the winter, they would allow nearly 
2 in. of end motion in midsummer, if they wero at the outer ends of the boxes. Within recent 
years the speed of line-shafts, especially in cotton-mills, has been greatly increased, some mills 
running at as high as 400 revolutions per minute; but 300 and 200 revolutions are more common 
speeds. Machine-shop shafts should run at about 120 revolutions, while those for wood-working 
purposes run at about 240 revolutions. 

In order to find the maximum torsional stress that may he transmitted by a shaft vMin good work¬ 
ing limitSy multiply the cube of the diameter in inches by 18.6 for cast iron, by 27.7 for wrought 
iron, or by 67.2 for steel. The product is the torsional stress in statical foot-pounds. 

To find the diameter of a shaft capable of transmitting a given torsional stress within good work¬ 
ing limitSy divide the torsional stress in statical foot-pounds by 18.6 for cast iron, by 27.7 for wrought 
iron, or by 67.2 for steel. The cube root of the quotient is the diameter in inches. Thetorsioi^ 
stress is expressed by the product of the actual torsional force in pounds by the radial distance in 
feet at which it is applied. 

To find the maximum horsc-poteer transmitted by a shaft vcithin good ^corking limits^ multiply the 
cube of the diameter in inches by the speed in turns per minute, and divide by 286 for cast iron, by 
190 for wrought iron, or by 92 for steel. The quotient is the horse-power. 

To find the diameter of a shaft capahUy tcUhin good working limiiSy of transmitting a ghen horse- 
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jxmer^ multiply the horse-power by 286 for cast iron, by 190 for wrought iron, or by 92 for steel, 
and divide by the speed in turns per minute. The cube root of the quotient is the diameter in inches. 

To find the speed required for iranamitiing a given horu^power^ multiply the horse-power by 286 
for cast iron, by 190 for wrought iron, or by 92 for steel, and divide the product by the cube of the di¬ 
ameter in inches. The quotient is the spe^ in turns per minute. 


TaUe ahowing Strength of Round Wroughi-Iron Shafting ( Clark). 
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1.52 

19.4 

2.220 

28.8 

61 

60.7 

4,008 

25,177 

.7616 

1.31 

20.0 

2,525 

24.0 

M 

69.8 

4.609 

28,986 

.8758 

1.14 

20.6 

2,sM 

24. T 

Cl 

79.8 

5,266 

88,077 

1.000 

1.00 

21.2 

8,210 

26.4 

6 

90.6 

^9^8 

87.584 

1.187 

.880 

21.6 

8,600 

26.9 

fl 

117 

7,606 

47,780 

1.445 

.692 

22.9 

4.421 

27.5 


144 

9,501 

59,682 

1.805 

.554 

24.2 

6,426 

29.0 

T* 

177 

ll,ty»0 

1 73.2M 

2.220 

.450 

25.8 

6,518 

80.4 

h 

215 

14,180 

89,088 

106,^86 

2.694 

.871 

26.5 

7,774 

81.8 

^1 

2.>8 

17,010 

8.282 

.809 

27.6 

9,188 

88.1 


84M'< 

20,190 

126,846 

8.837 

.261 

2S.7 

10,650 

84.4 

H 

860 

23,750 

149,118 

4.512 

.222 

29.8 

12,820 

85.7 

lu 

420 

27,700 

174,000 

5.260 

.190 

80.8 

14,100 

86.9 

11 

559 

86,870 

231,594 

7.0f»5 

.143 

82.8 

18,180 

89.4 

12 

725 

47.S60 

800,672 

9.095 

.110 

34.7 

22,880 

41.T 

18 

922 

60,860 

882,278 

11.88 

.0865 

36.6 

28,380 

44.0 

14 

1,152 

76.010 

477,456 

14.44 

.0698 

88.5 

84,560 

46.2 

15 

1.417 

98490 

587,250 

17.76 

.0568 

44).8 

41,580 

48.4 

16 

1.720 

118,500 

712.7(H 

21.56 

.0404 

42.1 

49.880 

60.5 

17 

2,062 

186,100 

851,862 1 

25.86 

.08^7 

48.8 

67,970 

62.6 

13 

2,447 

161,500 

1,014.768 

80.69 

.0826 

45.5 

67,490 

54.6 

19 

2,8-^ 

190,000 

1.198,466 1 

86.10 

.0277 

47.2 1 

78.040 

r>6.6 

20 

8,860 

221,600 

1,892,000 ' 

42.11 1 

.0287 

48.8 1 

80,660 

58.5 

XoU .—To find the corresponding values for shafts of cast Iron 

multipliers 

or steel, multiply the tabular values by the following 

Cast iron.. | 

f 1 

) 1 

! ' 

3 1 

1.5 1 

.86 1 

.81 

.86 

Steel. 1 

1.2 1 

2.06 1 

2.06 1 

2.06 1 

.48 ! 

1.05 ! 

1.07 

1.05 J 


FrieSonal Resistance of Shafting, —The frictional resistance of horizontal shafting, running on cylin¬ 
drical journals, has been determined by Morin and Webber. (See Journal of the Franklin Instittde^ 
Ixviii., 261.) Taking the mean of the coeflScients found by these investigators, the work absorbed by 
friction for one turn of a horizontal shaft with ordinary oiling is equal to .0182 W </, or with contin¬ 
uous oiling equal to .0112 W d. The horse-power absorbed by the friction of a horizontal shaft with 

WdS WdS 

ordinary oiling is represented by-, and with continuous oiling by-. In these formu- 

1800000 ^ ^ 2960000 

las, W = total weight of shafting and pulleys, plus the resultant stress of belts in pounds; d = di¬ 
ameter in inches; and S = number of turns per minute. The resistance of upright shaftiug is prob¬ 
ably about three-fourths of that of horizontal shafting. 

Cold^Rolled Shafting. —Shafting made from wrought iron rolled cold has been introduced by 
Messrs. Jones & Laughlin of Pittsburgh, Pa., and has been proved by experiment to possess many 
advantages. A very full report covering all previous investigations has been made on the subject 
by Prof. R. H. Thurston, and is publish^ by the manufacturers. Prof. Thurston^s conclusions are: 
** 1. I he process of cold-rolling produces a very marked change in the physical properties of the 
108 
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iron thus treated, (a.) It increases the tenacity from 25 to 40 per cent., and the resistance to trans* 
verse stress from 50 to 80 per cent. (6.) It elevates the elastic limits, under both tensile and trans* 
verse stresses, from 80 to 125 per cent, (o.) The modulus of elastic resilience is elevated from 300 
to 400 per cent. The clastic resilience to transverse stress is augmented from 150 to 425 per cent. 

“ 2. Cold-rolling also improves the metal in other ^pects. (a.) It gives the iron a smooth bright sur¬ 
face, absolutely free from the scale of black oxide unavoidably left when hot-rolled. (6.) It is n^e ex¬ 
actly to gauge, and for many purposes requires no further preparation, (r.) In working the metal the 
wear and tear of the tools are less than with hot-rolled iron, thus saving labor and expense in fitting, 
(i.) The cold-rolled iron resists stresses much more uniformly than does the untreated metal.” 

The structure is also rendered more dense and uniform. It is further stated that cold-rolled iron 
is suitable for all constructions not exposed to high temperatures; that it is especially suitable for 
all purposes demanding a high elastic limit and great shock-resisting power without permanent 
distortion; that the process improves the metal throughout—its benefit, as has been seen, reaching 
the centre of the bar, and rendering the whole much more homogeneous and uniform than common 
iron; and that in many cases it may prove superior even to some steels as a material of construction. 


Table shoving Strength of HoUroUed and Cold-rolled Shafting ( T/iurston). 


materials. 

Shafti on* fooi long betwMn Baariagi, loaded ai 
Uw rnfaMI*- 

SbaAe fixed at <me end, loaded at 
the otber. Lever-arm, oas loot. 

Diameter. 

Load. 

Defleetko per 
100 Ibe. of Load. 


Defleetfea pir 
100 Iba. of Load. 

Cold-rolled. . 

Indtei. 

Pound t. 

24,500 

Indin. 

.(XtOlO 

Poundf. 

6,100 

Inrfcin 

.00072 

Uot-rolled. 


1^,000 

.00012 

8,250 

.0U(l95 

Cold-roUed. 

2 

18.000 

.00018 

8,250 

.00144 

Hot-roiled. 


6,500 

.00016 

1,600 

.00128 

Cold-rolled. 


8,150 

.00098 

7^0 

.00744 

Hot-rolled. 

i| 

1,900 

.00<»T7 

470 

.00616 1 

Cold-rolled.... 

1 

1,600 

1,050 

.0028 

400 

.02242 

Hot-rolled. 


.00248 

260 

.01944 

Cold-rolled. 

4 

8S0 

.01782 

90 

.14250 

Hot-rolled. 

ti 

250 

.01447 

60 

.11562 



The preceding table shows the relative strength of cold-rolled and hot-rolled shafting under the 
load to which the shaft may be repeatedly subjected without injury. If subjected to shock, how- 


hollow part a connecting-rod is so arranged as U 
clutdi is connected with the rod by means of a 


ever, only one-half of the figures in the table are 
allowable. 

Works for Reference ,—“A Manual of Rules, 
Tables, and Data for Mechanical Engineers,” 
Clark, London and New York, 1877; “Mill-Gear¬ 
ing,” Box, London, 1878; “Machinery and Mill- 
Work,” Rankine, London, 1876. 2See also Belt¬ 
ing, ^UPLINGS AND ClCTCHES, HaNOERS, JoUB- 
NALS, and Keys and Retwats. 

SHAPING MACHINES FOR METAL. The 
shaping machine, or shaper, as it is more com* 
monly termed in this country, may be regarded 
as a modified form of the planer, designed to act 
upon smaller surfaces. Its movements, notably 
in the quick return motion, correspond to those 
of the slotting machine; but the operation of the 
tools is the same as in the planer. For planing 
slots, keyways, etc., the shaping machine is better 
suited than the planer. 

The ManvUle Shaper^ constructed by the Hen- 
dey Machine Company of Wolcottville, Conn^ is 
represented in Fig. 8890. The form shown has 
a stroke of 15 in. and cross-feed of 15 in., and 
will plane a piece 8 in. high. Its peculiar feature 
consists of a novel arrangement for producing a 
quick and accurate reversal of the cutter-bar for 
carrying the tool. For this purpose a double- 
faced friction-clutch is used, which is completely 
surrounded by two loose pulleys, running in op¬ 
posite directions on the first pinion-sbi^t; the 
inner faces of the pulleys are turned to fit the 
exterior face of the dutch. The clutch has a 
longitudinal movement on the shaft, and is pre¬ 
vented from turning on the shaft by means of a 
fixed key, on which it moves endwise. To oper¬ 
ate this clutch a hollow shaft is used, and in the 
\ connect the clutch with a shipping device. The 
pin passing through the hub of die dutdi, also 


Digitized by v^ooQle 

















SHAPING MACHINES FOR METAL. 


765 


through the shaft and rod. To allow the clutch to slide, a slot is cut in the shaft. On the oppo¬ 
site end of the rod, and between the pulleys and machine, is a so-called ** cam-box,*^ which works 
around a fixed stud secured to the main bearing of the machine. The cam-box has an annular 
groove turned in it, and is provided with a close-fitting ring which is secured in the cam-box by a 
cap screwed thereto. The ring revolves with the shaft, and is connected with the rod in the shaft 
by means of a pin, the same as described in operating the clutch. When the cam-box, with its re¬ 
volving ring attached to the clutch by means of the rod in the hollow shaft, is caused to make a 
slight longitudinal movement, it imparts the same movement to the clutch on the shaft as the cam- 
box itself receives. For the purpose of obtaining this movement of the cam-box, a diagonal slot is 
cut in it, which works on the fix^ stud; and by a slight revolving motion of the box is caused at 
the same time the end mo¬ 
tion by which the clutch 
is moved. To accomplish 
this movement of the cam- 
box, a rod is connected with 
it and also with a sliding 
block on the side of tho 
machine; this slide is so 
arranged as to receive its 
motion by means of the 
shipper-blocks, or stops, on 
the cutter-bar. These stops 
can be adjusted to any point 
on the cutter-bar, accord¬ 
ing to the length of stroke 
desired. The machine, be¬ 
ing set in motion, is mov¬ 
ing forward, or cutwise, un¬ 
til the stop on the cutter- 
slide strikes the sliding block on the side of the machine, causing it to traverse a short distance, and 
at the same time, causing a slight rotary and longitudinal movement of the cam-box by its connec¬ 
tions as above described, moves the clutch, thus engaging one pulley, then the other, producing the 
reversing motion of the cutting tool as desired. 

The SeUen Shaping Machine is shown in Fig. 3891. In this the upper surface of the bed or frame 
is provided with a flat slide, along which the head A traverses. Along the centre of the length of 
the slide is a screw operat^ by the handle which screw passes through a nut attached to the 
frame. The head A thus may moved to operate upon any part of the slide. The latter recipro¬ 
cates at a right angle to the length of the bed, and is operated as follows: The cone-pulley C commu¬ 
nicates rotary motion to a shaft running along the entire length of the bed at the back. In the shaft 



8899. 


8893. 





Is cut a groove running from end to end, and upon it is a pinion having a feather fixed to the pinion 
and a sliding fit in the groove of the shaft or Spindle, so that the pinion is rotated with the shaft, 
and yet may move along it. The pinion is held by the frame of the head and traverses with i^ be¬ 
ing in gear with the gear-wheel shown in the figure by an ingenious device to be hereafter explained. 
R^procating motion is communicated from the gear-wheel to the slide or bar of the head. I^e 
work is fixed to the table or tables i>, which are ^justable for height to suit the work, and which 
may be set at any required width apart upon the frame. 

^g. 8892 is a side view of the sliding head, showing at A the slide, D the connecting rod, and 0 
the tool-holder. 
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We have now to describe the ingenious device above referred to, known as the Whitworth quick- 
return motion, which is shown in Figs. 3893 and 3894. Its object is to cause the slide, and hence the 
cutting tool, to travel faster during the return than during the cutting stroke, so as to increase the 
rate of working. Upon a convenient part of the head is placed a spur-wheel ul, capable of revolr- 
ing freely upon a fixed overhanging shaft of large diameter. Through this shaft, but not oonoentric 
with it, runs a spindle C, having upon its extremity a crank-piece P, which it keeps in contact with 
the face of the wheel. Thus supported, each would be able to revolve independently of the others 




the wheel upon its fixed shaft, and the crank-piece round the axis of its spindle—but their revolu¬ 
tions would be eccentric to one another. But by slotting the crank-piece and fixing a pin in the face 
of the wheel, they are compelled to revolve together; the velocity of the crank, if that of the wheel 
be uniform, varying constantly, as the pin which drives it and the spindle which carries it approach 
and recede from each other. A dovetailed groove in the face of the crank-piece, at any part of which 
the end of the connecting-rod R can be set, provides the requisite adjustment for the length of the 
stroke. The arrangement of this device in connection with the Sellers machine is shown in Fig. 3895. 

The counter-shaft of the ma¬ 
chine shown is arranged with 
two speeds, one fast for narrow 
work, and one slow for a great¬ 
er length of cut and for shap¬ 
ing steel. These differences of 
spi^ are in addition to the 
changes incident to the cone- 
pulley. The machines arc pro¬ 
vided with a spindle and cdiuck- 
ing cones for doing circular 
work, such as planing up the 
bosses or bubs of rocker-arms; 
but in addition to this much 
work can be more convenient¬ 
ly held in independent centre- 
heads. Centre-heads are pro¬ 
vided for each sixe of machine, 
with index-plates, carefully di¬ 
vided, and with tangent wheel 
and worm for feeding on circu¬ 
lar work. The centre-beads are 
supported on a bar, so arranged 
as to be held in line or at right 
angles to the planer motion. 

Hand - Skajiing MadUnt .— 
Fig. 3896 represents a hand¬ 
shaping machine, the construction of which is clear from the engraving. The stroke is 6 in. vertica], 
adjustment of table 3 in., and length of traverse 8 in. 

Shaper-Chuck. —^Fig. 3897 is a chuck used in shaping machines and planers. A is the base, B the 
fixed jaw, and C the movable jaw. The work is placed between C and and is clamped by the jaw 
Cj which is afterward forced toward B by the screws F. 

Shaper or Planer Centres are attachments for holding work and rotating it over a given portion of 
a revolution. They are bolted to the work-table of the machine upon which they are used. In the 
Pratt & Whitney device, shown in Fig. 3898, .d is a frame or bed carrying the heads B and C. The 
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work is placed between the centres D and E in the same manner as in a lathe. The dog or clamp 
fastened to the work is held in a fixed position in the driving piece at D by means of the set-screws 
shown. The method of moving the work through a given portion of a revolution is as follows: To 
the spindle to which the centre D and the holding device at B are attached is fixed the wheel the 
bead B affording journal-bearing to the spindle. 

Around the circumference of F are cut teeth which 
mesh into the worm-screw shown. By operating 
the handle, which is attached to the spindle of 
the worm-screw, the wheel F is caused to revolve. 

On the outside face of F are drilled a series of dr* 
des of holes, each circle dividing the plate into a 
certain numto of equal divisions, and into these 
holes a pin on the end of the spring-arm 8 fits. 

Suppose that it is required to present the respec¬ 
tive sides of a hexagon-shaped piece of work suc¬ 
cessively to the action of a planer or shaper tool. 

The arm 8 is set so that its pin end will stand in 
line with a drcle of holes, the whole number of holes in which circle is divisible by 6 without leaving 
a remainder, and the pin-plate F is moved by the worm-screw until the projecting pin on the end of 
8 falls into one of the holes of the circle. The cut is then taken on the work, and when finished the 

plate F is again moved by 
the worm-screw (or tangent 
screw, as it is also termed) 
until it has turned one-sixth 
of a revolution, when the 
pin will again coincide with 
a hole and enter it. If the 
drcle selected contains 86 
holes, then the pin will 
fall into every sixth hole; 
if it contains 48 holes, 
then into every eighth hole, and so on. The operator usually marks the hole in which the pin stands, 
and counts the necessary number of holes (as obtained by (^culation) that the pin is to miss before 
entering another hole. J. R. (in part). 

SHEARING MACHINE. See 8899. 

CLOTR-nNiBHiNa Machinirt. 

SHEARS. See Pckchino and 
Shxarino Machinert. 

SHINGLE MACHINERY. Shin¬ 
gles are thin pieces or slabs of wood 
having parallel sides, but thicker at 
one end than the other, used for cov¬ 
ering the roofs and sometimes the 
sides of houses. Shingles are usu¬ 
ally 18 in. in length and have 6 in. 
of margin, termed the of the 
shingle; the other two-thirds is cov¬ 
er. The excess over twice the gauge 
is the or band. The material is 
first cut from the log, usually by 
dnm^ws. (See Saws.) 

7%e Bolting and 8apping Machine 
made by Messrs. Snyder Bros, of Williamsport, Pa., is represented in Fig. 8899. The block as cut 
by the drag-saw is placed endwise on the carriage, and the sap-wood is t^en off. It is then plac^ 
with the centre on ^e small point shown at the middle of the carriage, and is sawn into bolts. ^ This 

machine has an iron frame, and by its aid 
8900- it is claimed that one man can bolt and 

sap up to 100,000 shingles daily. 

Shingle-eaioing Machines cut the bolts 
up into shingles. Fig. 8900 represents the 
improved Parker shingle-sawing machine, 
made by the manufacturers above named. 
The circular saw and jointer arc in the 
same frame. The block is held by spiked 
rolls in a carriage which presents the bolt, 
butts, and points alternately. The saw 
used has a diameter of twice the length of 
the shingle to be sawed, and the block is 
presented sideways to the saw, so that the 
cuts of the teeth are nearly parallel with 
the fibres of the wood. Among the advan¬ 
tages claimed for this machine are, that with it a long or 80-incb shingle can be cut with a 30-incb 
saw, and it be adjusted to cut shingles of various lengths from 14 to 80 in. The thickness of 
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also a bcvel-"car on the countershaft (not shown), 
which operates the feed-works through a gear on the 

upper end of an upright rod, welded to a short arm shown in the engraving at the end of the 
table. This machine is claimed to cut 40,000 shingles per daj. 


the shingle can be increased at 
pleasure, and round timber can be 
sawed as well as square or flat. 
The manufacturers state that one 
man can saw and joint, as a regu¬ 
lar day’s work with the machine, 
15,000 shingles 18 in. long. 

Fig. 8901 represents a horizon* 
tal shingle-sawing machine made 
by Messrs. Trevor k Go. of Lock- 
port, N. T. In this the saw is 
horizontal and the carriage recip¬ 
rocates over it, the shingles bei^ 
delivered upon a slide under the 
machine as shown. 

Fig. 8902 represents Evans’s 
patent 12-block shingle machine, 
manufactured by Messrs. C. S. 4 S. 
Bun of Dunlei^ 111. Upon each 
of two sides of a frame a^ut 7 ft 
square is placed an upright shaft 
These sba^ each carry a horizon¬ 
tal saw, and above the saws a cir¬ 
cular carriage is mounted. The 
3902. carriage is divided into 12 spaces, into each of which 

a block to be cut into shingles is placed while the 
carriage is in motion, new blocks being supplied as 
fast as the first ones are cut up by the saws. The 
carriage is driven by friction-rollers. The dogs are 
simply weights raised by an inclined plane, to drop 
off the end and fasten the block while the saw is 
passing through. It is claimed that this machine 
will produce from 180,000 to 150,000 shingles per 
day. 

Fig. 3908 is Brown’s spalt and shingle madune, 
intended to utilize lumber, such as thick slabs, log- 
buttings, board-trimmings, and other material, whi^ 
usually constitutes the waste of saw-mills. The wood 
is clamped on the carriage, which can be mowed lon¬ 
gitudinally to present the work to the saw, and trans¬ 
versely to feed after each successive cut 
ShingU-cuUing Machine. —^Fig. 8904 represents a machine made by Messrs. Trevor 4 Ca of 
Lockport, N. Y., for cutting shingles from steamed bolts. The shingles are cut by the large 
reciprocating knife shown, which is operated by a 
pitman connecting to the sash the crank-pin in a 
balance-whccl on a countershaft overhead. There is 


8904. 


ms. 
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SHOE-MAKING MACHINERT. A large number of machines have been deyised to supplant 
hand-labor in the manufacture of boots and shoes. In the American modem shoe factory the ^vis¬ 
ion of labor on the various parts of the shoe is carried to its greatest extent. The following r^sumd 
of the various manipulations will indicate the many processes through which the leather passes while 
being made up into a finished shoe, and at the same time will show the order of use of the machines 
hereafter not^ in detail Shoe-sewing machines, 
which are among the most important of shoe-mak¬ 
ing machines, wRl be found described under Sew- 
ma Machines. 

In the shoe factory, the uppers and linings of 
a shoe are stitched generally in one department, 
where the buttonholes are worked by band or by a 
machine especially adapted to that purpose, and 
the buttons put on or eyelets punched, if for a 
laced shoe. The uppers being ready, the first pro¬ 
cess in bottoming is to wet the soles, which, after 
being partially dried, are passed under a heavy 
roller, which takes the place of the shoemaker’s 
lapstone. They are then, if for machine-sewing, 
after being properly cut out for the requisite sizes, 
run through a channeling machine, which takes 
out a thread of leather from the outside edge in 
the bottom of the sole, leaving a thin narrow fiap 
all round, so that when the stitch is laid in the 
place of the leather thus removed the bottom may 
be hammered down so smoothly as hardly to indi¬ 
cate where its surface was rai^ to allow of the 
stitching. The upper is then drawn over the last 
and tacked on the insole, and the outsole is tacked 
on. The last is now withdrawn, and the shoe passed to the sewing machine, where the stitch is made 
through the outsole and insole, and the edge of the upper coming between them, the flap raised for 
the channel being laid and cemented over the seam. The heel is now put on in the rough, and the 
edges of both heel and sole are trimmed and burnished. In making a ** turn ” shoe, the sole is 
shaped before tacking to the last, on which it is placed with the grain side of the leather, or that 
which is to form the bottom of the shoe, next the last; the upper, with the stiffening in, is then 
pulled over, wrong side out, then lasted and sewed, the last being taken out after sewing, and the 
surplus upper cut away. The shoe is then turned right side out, first at the seat, then the ball and 
toe, the last again put in, and the sole and stiffening hammered into proper form. A ** team ” of 






shoemakers consists of from four to nine men, comprising lasters, heelers, trimmers, burnishers, and 
finishers, who complete the shoe, after the uppers are made and the soles cut out. But the number 
of men in a team and the way in which the work is divided up are altogether dependent upon the 
kind of work. 

Machines for Working the Leather. 

7^ Power Poller of ordinary form is represented in Fig. 8905. Its object is to compress and 
harden the leather by passing the same through heavily-gear^ rolls, as shown. 
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same movement. For this purpose a blade 
is arranged to strip the stock as the rands 
are split. 

Rand-forming Machine, —rand is one of the slips of leather placed beneath the heel of a sole 
to bring the rounding surface to a level, ready to receive the lifts or pieces of sole leather with whidi 
the heel is built up. In the machine represented in Fig. 8909, the rand>strip is passed in at the orifice 
A, and is seized between two steel formers, one of which is held up against it by the central shaft, 
around which it is bent as its thin edge is crimped by the formers. The strip is kept in a curved 
path by a guide, and is released by a stripper at the lower opening £, properly crimped and curved. 

MiiCHiNKS FOR Joining the Parts or the Shoe. 

The Pegger. —The essential parts of this machine are as follows: 1. An awl driven upward and 
downward by suitable mechanism; 2. A peg-driver, raised by a cam and preferably driven down by 
a spring; 3. A feed to move the shoe the distance between the holes into which the pegs are driven, 
which feed-motion may be given to the shoe either by the awl moving bodily sideways while in the 
leather and carrying the shoe with it, or by a rotary feed-wheel, the first being preferable; 4. A 
strip of peg-wood arranged to be fed under the peg-driver at the moment the driver is elevated over 
a hole previously formed by the awl; 5. A splitter or cutter to separate the peg from the strip; 6. 
Means of regulating the feed of the shoe; 7. A jack to hold the shoe with the bottom of the sole up¬ 
ward, and under the driver and awl, so constructed as to enable the angle at which the pe^ ^ 
driven into the sole to be adjusted slightly, and also so constructed as to allow for the variation 
from a horizontal plane of the bottom of the shoe; 8. A guide against which the side of the shoe-sole 
rests, and which regulates the distance of the line of pegging from the edge of the sole- This guide is 
usually made adjustable. The jack serves as an anvil, and hence must be strong and firm. Machines 
for pegging two rows are simply double apparatus of the above class. 


The Sole-cutting Machine is represented in Fig. 8906. The bed of this machine consists of a number 
of blocks of hard wood bolted together and supported by a heavy iron frame. Above the bed there 
is a heavy iron beam having guide-rods which extend downward through suitable boxes at the ends of 
the main frame. In the lower part of the frame a heavy shaft is journaled, which carries two eccen¬ 
trics (one at each end), whose r^ are connected with the ends of the iron beam. The main shaft is 
geared at both ends to relieve it from torsional strain. A side or piece of sole leather is placed upon 
the bed, and dies having the form of the soles to be cut are plac^ upon the leather. The shaft is 
then allowed to rotate, when the beam will be forced down upon the dies and the leather will be cut. 

Sole-moulding Machine, —^Fig. 3907 represents the power sole-moulding machine made by Messrs. 
Swain, Fuller & Co., of Lynn, Mass. This apparatus is used to mould the sole to fit the bottom of 
the last. The lower platen is forced against the upper one by the powerful gearing shown in connec¬ 
tion with a knee-joint, and is thrown back by means of coiled springs when the pressure is removed. 

The Skiving Machine is used for skiving or paring leather down to any desired width of scarf. 
In Tripp’s counter-skiver, represented in Fig. 8908, the knife is held by steel gauges at each side of 
the edge, and is adjusted to any thickness of 
stock by an automatic feed-roll. A rand is 
produced from any thickness of stock by the 
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The most important feature of the invention is the atrip of peg>wood, to produce which a whole 
series of ingenious contrivances are employed. A peculiar lathe cuts it from a round log in a long 
spiral ribbon. This being very tender and delicate, another special machine is employed to wind it 
up. There is a peculiar process of drjdng and seasoning. Another machine points and bevels the 
edge so as to make the pegs pointed. As it is essential always to have the bevel at a certain angle, 
Mr. B. F. Sturtevant (the inventor of these devices) oontrired a machine to grind the knives of the 
sharpener so as to keep the same angle on them, that they 
might always cut the same way. Lastly, a machine for 
compressing the pegs was invented. The construction of 

89 ia 




the peg-strip as above described will be readily understood 
from hlg. 8910. About 900 pegs are inserted per minute. 

The peg-strip measures about 100 ft. in length, and on an 
trerage there is 22 in. of pegging in a shoe. From 4 to 
6 pegs per inch are commonly driven in, but there is a 
great variety of sizes of peg-wood for different shoes, and 
some shoes are pegged in double rows. 

The mechanism of the ** Champion ” pegger, represented 
in Fig. 8911, is easily followed. The long jack-standard 
A is hinged by a universal joint to the foot-lever, which is 
weighted at one end to hold the shoe in contact with the 
feeding devices, and at the other with a foot-rest to disen¬ 
gage the finish^ shoe. The jack is capable of lateral and 
londtudinal motions upon the standard, to present the 
surface of the sole at the point of contact with the peg¬ 
ging devices in a horizontal plane. The vertical plunger, 
carrying an awl and a driver, is operated by a cam and 
gearing and a spring. The rotary feed is immediately 
back of the peg-guide, and is operated by a pawl and 
ratchet receiving motion from the main gearing, usually 
by a cam. The peg-strip is fed into the guide from a core, 
and a peg is out off by a lateral knife at each fall of the 
driver, immediately before being driven into the shoe. 

The Wire^cremng Machine connects the soles by the \ 
insertion of bits of screw-threaded wire. The wire is taken 
from a coil, which rotates bodily in a horizontal plane while unwinding, and thus screws the wire into 
a die, which while cutting the thread upon it causes the wire to move downward and into the shoe. 
A ki^e suitably adjusted cuts off the wire at proper length. 

For shoe-sewing machines, see Sewing Machines. 

Machines for ^nishino the Shoe. 

The Seam-Rvhher is represented in Fig. 8912. The shoe is placed on the stationary arm of the 

machine, and the metal disk, pressed down by the 
spring shown, is rubbed over the scam to smooth 
and flatten it. 

The Beating^oui Machine is used for beating 
out the soles after the upper is sewed on, thus 
closing the channel in which the stitching is made. 
Rg. 8913 represents the “American” machine 
made by Messrs. Swain, Fuller k Co., of Lynn, 
Mass. The shoe is plac^ upon the last, and the 
mould is caused to descend upon the sole with 
great force, thus both pressing the sole and laying 
the channel. The pressure is given by the treadle, 
which brings the upper platen down upon the sole. 
The treadle is then locked down, and the work¬ 
man adjusts another shoe on the second last, 
shown on the carriage, before removing the pres, 
sure from the first sole. By the use of this machine it is claimed that one man can do the work of 
three using ordinary hand-hammers. 

The Shoe-Hed Trimmer, —Fig. 8914 represents the Cot4 shoe-heel trimmer, the use of which is 
indicated by the name. The shoe is held stationary by the treadle-clamp, and the knife-stock, which 
is centrally pivoted to the outer plate or jaw bearing upon the tread-lift, is then grasped in the hands 
'>f the operator and moved to give a sweeping cut to trim the heel. 
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Keen^B heel*trimmer is represented in Fig. 8915. The shoe is held by a clamp as before, and the 
trimming knife is operated by means of the crank shown. In the machine which is used for trim¬ 



ming edges the shoe is mounted upon a jack, the carriage of which has communicated to it a more- 
rocnt of translation and rotation, so that while the side of the sole is being trimmed, the shoe is fed 
longitudinally against the knife, but at the 
toe and heel is rotated beneath it. The knife 
is universally jointed, to permit the hand of 
the operator to determine the different bev¬ 
els cut. 

Hed-Bumishing Machine. —Rg. 8916 rep¬ 
resents the Tapley heel burnisher for polish¬ 
ing the heels of shoes. The shoe is chucked 


8915. 


as shown, and is revolved against a burnish¬ 
ing tool. The latter is usually heated, and 
is made to reciprocate over the surface of 
the heel, passing from breast to breast at 
each oscillation with an clastic pressure. \ 

Punching and EgdeUing Machines. —^Fig. 

8917 represents a seif-fceding eyelet machine, 
which places and fastens metallic eyelets in punched holes. The eyelets are placed in the receiver 
on top, and are fed down the channel. At the bottom they pass between the plunger and anvil, and 
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are riveted in their places in the shoe or strip of leather, which is held and fed bj the operator. Hgs. 
8918 and 8919 represent two forms of punches. Fig. 8918 is the common punch and ejelettcr, 



forced down by foot-pressure and retracted by a spring; and Fig. 8919 is a self-feeding punch, which 
feeds the leather and punches the holes any distance apart for the eyelets. 

SHUTTLE. See Looms, and Sewing Machines. 

SIGNALS, RAILROAD. Devices for securing safety upon railroads by communicating intelligence 
between persons in charge of the train and those in charge of the roadway, or, as in the case of au¬ 
tomatic signals, between two trains following one another. Signals are usually constructed as signs 
erected alongside the track, which, according to change of their position, form, or color, convey in¬ 
structions to the engine-driver. They may be divided into switch signals, which show whether the 
switch is set for the main line or for a side track, and road signals, which indicate whether the line 
ahead is or is not clear. Besides these, there are numerous other signals used in railway traffic. 
Posts beside the track indicate distances, grades of the road, and special orders at certain places for 
the engine to stop, whistle, etc. Cautionary signals are used to warn brakemen on the tops of freight 
cars of proximity of low bridges, these devices being simply series of wires or ropes suspended from 
cross-rods, which come in contact with the brakeman*s person as the cars pass beneath them. Tor¬ 
pedoes are placed on the track some distance in rear of a train accidentally delayed, to warn follow¬ 
ing trains; and the approach of trains to stations or crossings is sometimes announced by electric 
bells automatically operated by the passage of the engine and cars over certain parts of the track. 
Communication between the cars and the engine is effected by a bell-rope. The engine-driver, when 
hand-brakes are used, signals instructions to the brakemen by blasts of the whistle. Flags or lights 
of different colors are used on moving trains to indicate that other trains are following, etc. 

In the early days of railroads, when the trains were few and separated from each other by a long 
interval of time, no special signaling apparatus was used. The signals were given in daytime by a 
flag held or waved horizontally or vertically, and at night by lanterns of different colors. These 
primitive methods are still used when switching trains in depot yards. At the present time signals 
exist in many varieties. 

Switch Siffjial shows the position of the switch. In Fig. 8920 is represented one form of 
switch signal which is extensively used in this country. The round target A, at right angles to 
the line of the track, being visible from the train, shows that the switch is placed for the siding. 
If the target B is presented to view, it means that the switch is placed for the main line. These 
two targets (being relatively at right angles to each other) are attached to a vertical shaft, which 
enda at the bottom with a crank acting on the switch. By means of a hand-lever Z, the shaft, 
which Is fastened on an iron stand, can ^ turned over an angle of 90®, moving the switch and ex¬ 
posing the one or the other target. The round target is usually painted r^ and the other one 
white, to insure a distinct difference between them. At night, the position of the switch is shown 
by the red or white light of the lamp placed on the top of the shaft. For a three-throw switch the 
shaft is turned 90® to move the switch from one extreme to the middle track, and again 90® to move it 
to the other track, thus making in the whole 180® or half a revolution. One of the targets is then 
exposed twice to view, namely, whenever the switch is set for the outside tracks. To indicate for 
which of the two tracks (right or left of the main line) it is set, the form of the target is not made 
symmetrical in regard to its centre-line. One half may be made pointed (an arrow form is used 
sometimes), the point indicating for which of the side tracks the switch is set. 

The simplest form of a switch signal is a target attached to the top of an ordinary reversing lever 
which moves the switch. The position of the lever, whether to the right- or left-hand side of the 
central (vertical) position, indicates the position of the switch. 

Eoad Signah show whether the road ahead is clear, and include ** safety,** ** danger,** and ** proceed 
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with caution signals. Of these there are three principal kinds, namely, the ** disk signal,” the “ sem¬ 
aphore signal,” and the “ optical signal” The optical signal conveys intelligence by exhibiting differ¬ 
ent colors. These are difficult to distinguish at a distance ; and since it has been proved that color¬ 
blindness ” is alarmingly frequent among railway employees, they are being slowly abandoned. 

The Disk Signal is represented in Fig. 3921. It is a round target, usually painted red on the side 
which is to be observed (separate signals being used for each line of a double-track railroad). When 



placed in view with its face toward the approaching train, it means “ danger ”; and when concealed 
—that is, placed parallel with the track—it indicates safety. A lamp placed ^hind the disk shows 
a red light for danger at night. To make this signal positive in both its positions, it is now cus¬ 
tomary to attach to the shaft another disk of different color, or a differently shaped target, at right 
angles to the first disk and below it, which when exposed indicates “ safety.” A signal will then be 
visible whichever way it be set. 

The Semaphore Signal^ shown in fig. 3922, is considered by many to be the most oonspicuoos, 
and is rapidly being introduced in preference to other types, especially in Europe. It consists of a 
high post, to the top of which one or more arms are pivoted, moving in a vertical plane, ^gnals are 
given by the different positions of these arms, which are arranged to move through a quarter of a 
circle. If the arm hangs vertically (as shown in dotted lines), it means ** safety ”; if it is raised 
horizontal, it signifies danger”^ ana if placed at an angle of 45°, **caution.” If only the first two 
signals are used in the system, the position of the arm at 45° is often taken for safety.” This is a 

preferable arrangement, as both the signals are 
then positive. 

Signaling at night is accomplished by means of 
a lamp which is attached to the post, and in front 
of which a pair of spectacles,” containing red and 
green glasses, are moved by means of the same 
rod which operates the arm. The red, green, and 
white lights indicate, respectively, “ danger,” ** cau¬ 
tion,” and “ safety.” 

Arms are sometimes placed on opposite sides 
of semaphore-posts to convey signals to different 
tracks. Thus, in England, when the train is run¬ 
ning on the left-hand track, the driver observes 
only the arms on the left-hand side of the post, 
whether this track be the up or the down line. 
In the United States the case is just the opposite. 
On junctions where there arc many tracks, and an 
arm for each track has to be attat^ed to the same 
post, these are placed one below the other, but 
always on the same side of the post for the tracks 
leading in the same directibn. The semaphore- 
arras are usually painted in different colors on the 
two sides. 

OptioeU Signals are those which convey intelli¬ 
gence by exhibiting different colors. The appa¬ 
ratus coneists of a box as shown on the outside of 
the second story of the signal house, Fig. 8923. In the lower portion of the box, on eadi side, are 
circular openings, 20 in. in diameter, covered with ordinary glass. Apparatus exists within the box 
by which red or green targets or lights may be shown at will. Each side of the apparatus gives 
signals for one of the two tracks. The attendant gets a distant view on the line from the upper 
story of the house, and finds in it a comfortable shelter. 

Acoustic or Audible Signals are often a valuable addition to the signals of the other types in ease 
of storm or fog, when the latter may not be seen, or may be easily mistaken. For this purpose, on 
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some roads, at the bottom of a shaft which supports the disks is attached an arm, with a torpedo at 
its end. This arm swii^ simultaneously with the disk. If the disk stands at “ danger,** that is, 
perpendicularly to the line, the torpedo is placed on the top of the rail. The next train passing 
causes an explosion of the torpedo, and thus receives warning. 

Another way of givi^ audible signal is by acting on the steam-whistle of the passing locomotive. 
This is accomplish^ either mechanically or electrically. In the first case a lever connected with the 
signal acts on a lever attached to the locomotive whistle, opening its valve. The electric device is an 
invention of M. Lartigue, and has been successfully used on the Northern Railroad of France. It is 
also employed in connection with the vacuum-brake. (See Braus.) 

Diiani ** and Home ** Signals. —One signal is not enoueh to protect a train stopped at a station 
from following trains, for the reason that the engine-driver ot the latter may often be unable to bring 
his train to a standstill after discerning the signal before it comes in collision with the train ahead. 
Even if the second train should stop near the signal, during its delay it would be unprotected from 
succeeding trains. To obviate these difficulties, in addition to a signal near the station termed the 
home *’ signal, another called the distant ** signal is established at an interval of from a quarter 
to half a mile from it The distant signal shows the position of the home signaL On sighting a 
distant signal at danger, the driver stops his train at once, and then proceeds past the signal far 
enough to protect his train from the rear by the distant signal. He then awaits the movement of 
the home signal. As the (>osition of the distant signal often cannot be well seen by the home-signal 
man, devices called ** repeaters ** are placed in the signal cabin. These are usually miniature signals 
which are moved by wires from the distant signals to the position of the latter. To distinguish 
night signals, in the back of the lamp is made a small opening called “ back-light,** which faces 
the signalman*B cabin. Small frames or spectacles, similar to those used in front of the lamp, and 
moving with them, are placed behind the ** back-light,** thus showing which of the signals is ex¬ 
hibited. An electric device is also used, which enables the signalman in his cabin to know whether 
the light in the lamp is burning or extinguished. 

Intcblogkino Signals.—T he idea of concentrating at convenient points the levers by which nu¬ 
merous signals and switches are worked was advanced in the early days of railroading. The advan¬ 
tages promised were reduction in the number of attendants and in working expenses. On the other 
hand, difficulties in the possibility of making mistakes between levers, etc., soon became apparent, 
and outweighed the benefits. To obviate these difficulties, the “ interlocking ** system was devised. 
To understand the principle of this, the simplest case of meeting tracks must first be considered. 
This is that of a simple junction which two trains may approach in the same direction, one being on 
the main, the other on the branch line, or from opposite Erections. Under these circumstances, it 
would be impossible with the interlocking system to give both trains a safety signal—the result of 
which would be collision—for the reason that, while the signal to one train shows “ safety,** it can 
be so set only after showing “ danger ** to the other train. Nor could the “ danger ** si^al be with¬ 
drawn until the first or safety sign^ was placed at “ danger.** On a more complicated junction, the 
number of combinations being greater, the danger of mistakes would be still increased. If a train, 
before arriving at such junction, crosses one or more tracks, all these tracks, including those from 
which it starts and on which it is to arrive, should be closed to other trains; and these tracks are 
then in a condition which is technically called “fouled.** The danger of setting a signal to safety, 
for a train proceeding to or from the branch, before the switch is moved in the proper position 
(which b not an unknown cause of accident), has also been provided against by the interlocking sys¬ 
tem. Not only, moreover, does the latter require the switch to be moved in due time for the train 
to shift, but the switch must be caused to traverse its full throw (set “ home **), and be locked in 
this position. On safety or point switches, placed so that the trains run over them in the direction 
toward which the switches are pointing, switch-locks are not needed, as the trains will force their 
way on the main line. (See “ Safety-Switches,** in the article Railroad.) The working of gates at a 
roadway crossing or draws of bridges can be made in a similar manner dependent on the relative 
positions of signals. 

Fig- S924 represents a double junction, and shows the disposition of the interlocking system. This 
will serve as a model from which plans for operating more complicated junctions may be easily ar¬ 
ranged. The levers in the signal cabin, of which there are thirteen, are all numbered to correspond 
with the plan. Nos. 1 and 2 
are respectively the distant 
and the home signals for the 
“main up line**; Nos. 11 and 
9 are the same for the “ main 
downline**; Nos. 11 and 10 
are the same for the “ branch 
down line **; Nos. 3 and 4 are 
the same for the “ branch up 
line.*’ No. 6 is the switch 
for the “ branch down line,'* 
and No. 7 the lock for this switch; No. 6 is the switch for the “ branch up line,” which has no lock 
for the reason already stated. Nos. 8, 8 are the cross-over track, which b provided, in order to 
avoid confusion, with the ordinary switch targets. Nos. 12 and 13 are levers operating the gate^ In 
thb plan there is only one distant signal. No. 11, for the “ main down ** and “ branch down ’* lines. 

Normally, all signals are set at “ danger,** the switches are opened, the main lines unbroken, and the 
gates closed against the roadway traffic. In this position nothing interferes with the movement of 
trains on both of the main lines; their signals are consequently unlocked, and may be lowered to 
“ safety ** for an approaching train. But signals of the branch lines arc locked at “ danger ** os a con- 
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sequence of the switches being open. A movement of any of the levers will now produce locking and 
unlocking of other levers. The different cases are as follows: a. Moving to safety of the signal No. 

9 locks the lever No. 7 in its normal position, preventing the switch from being set for the ** down 
branch ” line. The distant signal No. 11, showing only the condition of the home signal, does not 
open the passage over the junction, and consequently does not interlock with the switch, b. Signal 
No. 2, when moved to safety, locks the switch No. 6 in its normal position, e. When a train is to 
pass from the main down to the branch down line, and nothing interferes with its passage, the 
switch-lock lever No. 7 is reversed, which action, unlocking the switch, will lock the sig^s Nos. 2, 
1, 9, and 10. The switch-lever No. 5 is next reversed, setting the switch for the branch and unlodL- 
ing signal No. 10, which is, however, st^l locked by the lever No. 7. Until this lever is reversed to 
its former position, when the switch-lock locks the switch again, the signal No. 10 cannot be set 
to safety. During the whole operation nothing prevents the attendant from admitting trains from 
the branch up to the main up line. <1 If a branch-up-line train has to pass the junction, the switch- 
lever No. 6 is reversed, setting the switch, locking signals Nos. 1 and 2 at danger, and unlocking 
signals Nos. 3 and 4, which are then set to safety by reversing their respective levers. This opera¬ 
tion does not interfere with the traffic on the main down and the branch down lines, e. The cross¬ 
over track, if set to effect a junction between the two lines, locks all the signals at danger, f. If all 
signals are at danger, the gates can be opened for the roadway crossing, by reversing first the stop- 
lever No. 12, which action locks all signals, and releases the gate from the ** stops ’’ which prevent 
the gates from being opened by any one except the attendant. The gate-lever No. 18 is next re¬ 
versed, moving all four gates open, and also locking the signals. The gates in their new positimi are 
held by another pair of stops. To move back the gates, the levers are changed to their former posi¬ 
tion, the signals being locked until the gate is closed. Gates cannot be opened for the roadwmj 
crossing if any of the signals indicates safety, the gate-stop lever being then locked by the signal- 
lever. 

The Saxhy and Farmer Interlocking System is one of the best known forms of this apparatna. Its 
mechanism is shown in figs. 8925, 8926, and 8927. A series of levers is placed side by side in a 
cast-iron floor-frame. Two of the levers are shown in fig. 3925, one in a normal position, the other 
in an intermediate position. The levers are bent and pivoted at P, and their short horizontal arms 
are connected by means of rods and bell-cranks with the switches or signals. 

In order to counteract the expansion and contraction of the long rods caused by differences of 

temperature, a compensating lever is used, consisting of a 
straight bar pivoted in the centre, which divides the whole 
rod in halves. Each half of the rod connects wHh the 
opposite end of the lever. When the rods expand, they 
move the lever a corresponding distance around its cen¬ 
tre, so that neither signals nor signal-levers are affected. 

The levers move in quadrants, wbidi are arched, ver¬ 
tical ribs, cast on the frame. At the end of each quad¬ 
rant is a notch in which enters the latch or “ catch ^ of 
a spring catch-rod, with which each lever is provided, as 
shown in the figure. The distance between the notches 
is the whole throw of the levers. To reverse a lever, the 
catch must first be lifted from its notdi, and this move¬ 
ment of the catch is utilized here for the locking or un¬ 
locking of other levers. This is accomplished as follows: 
A sliding block P, Fig. 3925, is attached sideways to the 
catch, by means of a stud. This block is placed in a 
curved slot of a rocker 2>, in which it can slide, and which 
is pivoted in the centre at A. When the lever is in its 
normal position, the catch is lowered in the notdi of the 
quadrant, and consequently the block B presses the cor¬ 
responding end of the rocker down, raising its other end: 
and when the catch is lifted up from the notch of the 
quadrant, it raises the depressed end of the rocker, placing 
the latter in a horizontal position. While the lever is 
being reversed (see the nearest lever with its rodeer In 
Fig. 8925), the block B slides in the rocker without affect¬ 
ing its position, as the slot in the rocker is curved in an 
arc of a circle from the centre P; but when, at the end 
of its throw, the catch is lowered into the corresponding 
notch, it depresses the other end of the rocker, whidi will 
take a position the reverse of its first one. The left-hand 
end of the rocker is connected by a universal joint wHh a 
vertical connecting-rod P, which acts on the crank of a 
spindle O O, The central portion of this spindle is flat, 
and when in normal position is horizontal. In Fig. 8925 one half of the spindle is shown in horizon¬ 
tal position at P, the other in vertical position at /. The mechanism above described is applied to 
each of the levers. Above the spindles G 0 ere placed locking bars shown in cross-section in Fig. 
8925. Each lever which locks other levers has such a locking bar, and these bars can be moved in 
the direction of their length, which movement is effected by the motion of the spindle. This will be 
more dearly understood from Fig. 8926, which is a side view of the apparatus (levers and rockers 
being detached). Only the first spindle to the left is shown with its crank and the oonnecting-rod 
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E; t^e other spindles, M and are shown in cross-section. .Above the spindles is the locking bar 
which is moved by the first spindle, by means of a casting iT, which is riveted to the bar, and which 
engages with a stud of the spindle. When the spindle turns on its axis this stud pushes the locking 
bar. The locking bar carries locks L Z, which move with it, and which, according as they do or do 
not fall in the way of a spindle, prevent the latter from being turned on its axis, or the reverse. Refer¬ 
ring to Fig. 3926, the spindle N cannot be turned, while the spindle M can be, the first being locked 
and the other unlocked. It will be found, by following the movements of the different parts of 
the apparatus, that when a spindle is locked its respective lever is also locked, and thus it cannot bo 
revers^. The spindles are also provided with holes as seen in Fig. 8925 at /. If a lock is placed 
directly above a hole, the spindle will not be locked. This is shown at N in Fig. 3927. 

By considering now three different positions of the spindle, which correspond with the positions of 
the rocker, the operation of the mechanism will be easily understood. The first position of the spindle 
(normal) is horizontal, as shown on the left-hand end spindle in Fig. 8926; the third position of the 
spindle is shown at O in Fig. 8927; and the second position is intermediate between the first and 
third. In the first position, Fig. 8926, some of the spindles are locked, as at and others are 
unlocked, as at M, In the second position, the locking bar, being partly moved in the direction of 
the arrow, will lock the spindle but the spindle i^Twill not be unlocked, as the lock has not moved 
far enough to meet the hole in the spindle. This last is, however, attained in the third position, as 
shown in Fig. 8927. It will also be noticed that the locking bar, arriving at the thii^ position, 
becomes itself locked by the spindle provided the latter has been moved from its normal position 
by reversing its corresponding lever; and that therefore the first spindle, and thus its corresponding 
lever, cannot be brought back to its normal position until the spindle N is first placed normal This 
oountcrlocking of the first spindle in the third position is very important in the system. Suppose, 
for instance, that the first spindle is acted on by a signal lever, and the third spindle by a switch lever: 
it is obvious that to move the switch the signal must be first set to danger, and that the signal can¬ 
not be restored to safety until the switch is first moved to its normal position. With these means 
any amount of combinations can be made, and^ no matter how complicated be the junction, a perfect 
interlocking system can be applied to it. 

The Toucey and Buchanan interlocking apparatus, used in this country, differs from the foregoing 
only in details of mechanism. 

Interlocking has also been effected by pneumatic means. On the Old Colony Railroad, at Boston, a 
draw-bridge signal is interlocked with the lock of the bridge by means of air inclosed in a pipe, which, 
by being either compressed or expanded, moves the signal. Interlocking by means of electricity is 
used in connection with the “ block system.” 

Systems or Operating Signals. —a. The Time System, —certain interval of time must elapse be¬ 
tween the departure of two successive trains from a station. The time varies on different roads, and 
according to the different speeds at which the trains travel. Generally from 5 to 16 minutes is 
accorded for safety. Less time is required if the first train travels faster than the succeeding one, 
and vice versa. If, therefore, a train passes a signal, that signal is set behind it at danger, and the 
attendant at the expiration of the specified interval of time opens the line by restoring the signal to 
safety. It is obvious that such a system can insure safety only when all trains travel at their proper 
speed, and when nothing happens that may arrest their movement between the signal stations. 

h. The Black System. —The imperfections of the time system are successfully remedied by the sub- 
stitntion of an interval of distance for the interval of time. This constitutes the block* system.” 
In its operation the line is divided by signals into distances, called ** sections ”; and the essential 
principle of the system is, that only one train at a time is allowed upon a section. To insure this, 
the signalman stationed at one end of a section must, of course, know whether any train is or is not 
upon that section. Hence there must be telegraphic communication between the signalmen. 

The block system is applied in two different ways: as the absolute block system^ in which, if a train 
occupies a section, that section is blocked, and another train cannot enter on it; and as the permissive 
block system^ which is less perfect than the other, as in this the following trains may enter a section 
already occupied, though receiving cautionary signals. On some roads the time system is combined 
with the block system, all trains entering on a blocked section being detained for a few minutes be¬ 
fore cautionary signals are given. 

The apparatus used in working the block system is in both cases alike. It can be divided into two 
classes: 1. Mechanism independent of the road signals, and serving as a means of transmitting intel¬ 
ligence between the neighboring signal posts ; 2. Mechanism which acts directly on the road signals. 
The second class is subdivided into (a) apparatus which requires the presence of attendants, by whom 
it is manipulated, and (h) apparatus which is operated by the movement of the trains, and which is 
thus automatic. 

1. Mechanism independent of Road Signals. —To this class belong the devices of Cooke, Walker, 
Tyer, Preece, Rcgnault, and some others, and the “ electric-slot signal,” which, as will be shown, is 
a distinct form, combining the interlocking with the block system. These contrivances arc either 
acoustic or optical. In either case the signal stations are connected by telegraphic wires, one for each 
line, and each station has an apparatus which com¬ 
municates with the neighboring station. An acous- 8928. 

tic apparatus is simply an electric bell, on which, ABC 

Becoming to the different number of strokes, differ- - 

ent signals are given. The attendant has no power 

over the bells at his station, which can be actuated only from the neighboring stations: but he has 
two keys (circuit-closers) with which he in turn can work the bells of other stations. The working 
of the system, taking the simplest bell code, is as follows: Let B, and (7, Fig. 3928, designate 
three successive stations. Suppose a train to enter upon section A B, The signalman at A presses 
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the key twice in succession, giving two strokes on one of the bells at which signal is merdy a 
question from AUi B whether the train may enter the section. If B answers affirmatively by two 
strokes on the bell at Ay A starts the train by giving it the outdoor safety signal, and at the same 
time sounds the bell at to announce the fact that he has done so. B aclmowledges this by retoni- 
ing two strokes on the bell at A, When the train has reached By the attendant there gives three 
strokes on the bell at Ay to announce that the train has arrived; and in acknowledgment of thb A 
strikes three times the bell at B, The operation is repeated between B and C, and so on. The bell 
code is more complicated if the description of the kind of train or other intelligence is to be transmitted. 

The optical apparatus is an improvement on the acoustic system, in that the signals after being 
made are lasting, until the time for changing them again arrives. Electric bells are also here used, 
but only to announce a change in the signals. 

These signals are made by the deflection of a magnetic needle to the right or left from the ver¬ 
tical or neutral position. In one position the needle points to ** Line Clear,*’ in the other to ^ Train 
on Line ”—words which are inscribed on the dial of the instrument 

Tyer’s instrument is provided with two needles for each line, which for distinction are differently 
painted. One of the needles shows the last signal received, the other the last signal sent. 

Regnault has improved this instrument by arranging it so that the message sent is automatically 
repeated at the instrument of the sender, announcing its receipt, without any action of the receiver. 
The action is here as follows: If the attendant at A has to announce a train at By Fig. S928, he 
presses the button (a circuit-closer) of bis instrument, sending an electric current \o B. A bell is 
thus rung and a ne^le caused to point to ** Train on Line.” The inclination of this needle, however, 
closes automatically a return current from B Xjo Ay which causes a needle to incline at .A to give a 
similar indication. This constitutes the repeating signal. If the announcing signal is not received at 
By no repeating signal can be returned to A, This repeating signal at Ay which blocks the line after 
the departure of the train, cannot be changed by the attendant at A, but only by the attendant at By 
who after the arrival of the tnun at B sets his instrument and that of A to indicate ** line Clear.” 

Instead of the needles, miniature semaphore signals similarly operated are sometimes used. 

It will be noted that the above devices simply transmit instructions to attendants, without compi¬ 
ling execution; and hence, by mistake or carelessness, the signalman may give a wrong outdoor signal 
The dectric-dot signal prevents this by restricting the power of an attendant to give a safety signal 
to a train without the consent of the attendant at the other extremity of the block section. Sudi on 
apparatus, interlocking the road signals, and also the switches, with the telegraphic signals, thus com¬ 
bining the interlocking with the block system, was exhibited at the Paris Exposition of 1878, by 
Messrs. Saxby and Farmer. The three signals, Line Clear,” ** Train on Line,” and ** Line Blocked,” 
were used, the last meaning the acknowledgment of the receipt of the Train on Line ” signal, and 
being employed only as an auxiliary in the system of intcrlodcing. The apparatus makes it compnl- 
Bory that the signals shall be operated in a certiUn desired order. It also places certain restrictions 
on the action of the operator, which are by the inventors summed up as follows: 1. It makes it im¬ 
possible for the signalman to telegraph ‘‘Line Clear” until the switches and outdoor signals are in 
the proper position. 2. It makes it impossible to move switches for shunting or giving access to a 
line which has been signaled as “ clear ” for an expected train, nor in any case can such movement 
of the switches be made until after the “ Line Blocked ” sigpial has been sent to the station on either 
or both sides. 3. The signal “ Train on Line ” must be transmitted to the station in advance before 
the outdoor signal for a train to enter a block section can be given, so that it is not possible for a 
train to enter a block section unannounced by telegraph to the station in advance. 4. The outdoor 
starting signal cannot be given to permit entrance into a block section without the consent and con¬ 
current action of the signalmen at both ends of such block section. 5. The mechanism mokes H 
compulsory that the outdoor starting signal shall be reset to danger behind every train, and that upon 
the entrance of a train into a block section the signalman at the station in advance shall give to the 
signalman at the station in the rear the proper signal of “ Line Blocked ” behind the coming train. 

2. Mechanism connected with Road Signals, —To the second class noted on page 767 belong the ap¬ 
paratus of Siemens and Halske, and of Lartigue, Tesse, and Prudhomme, called “ electro-semaphores,” 
which are manipulated by attendants, and those of Hall and of Rousseau, which are automatic- 

Electro-Semaphores. —Fig. 3929 represents a complete electro-semaphore according to the system 
of Lartigue, Tesse, and Prudhomme, for a double-track road, as used on the Northern Railr^ of 
France. The road is divided into sections, at each end of which is placed an electro-semaphore, which 
is constructed as follows: Two large semaphore-arms, A and By serve as signals to be observed by 
the trains. Two small semaphore-arms, a and b {by being behind the post, is not shown in the cut), 
are the signals announcing to the attendant the departure of trains from the other extremities of tbe 
two neighboring sections. Two electro-magnetic instruments for the up line, MM\ are placed at one 
side of the semaphore, and two for the down line are placed at its other side. A battery situated at 
the foot of the semaphore supplies the electric currents. The two electro-magnetic instruments for 
each track are numbered 1 and 2, and are connected by telegraphic wires with the instruments of tbe 
neighboring semaphores, so that instrument No. I is connected with instrument No. 2 of the advanced 
semaphore, and instrument No. 2 communicates with instrument No. 1 of the semaphore in the rear. 
These instruments are identical in construction, the latter being shown in Figs. 3930 and 3931, which 
are side and end elevations, respectively. On a shaft XX are flxed two cranks, and projecting 
on the outside at a box which encases the apparatus; one of them, if, is provided with a handle, to 
be moved by hand, and the other, By is connected with the semaphore-arm by a rod. Instrument 
No. 1 is connected with the large, and instrument No. 2 with the small semaphore-arm. The two 
cranks form an angle of 90® with each other. A detent W opposes the rotation of the shaft to the 
right, acting on a ratchet which determines two positions of the shaft: one with tbe crank B vertical 
(when the large semaphore-arm is down), and the other at 210® from it (when the semaphore-arm is 
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horizontal). On the shaft X are also fastened a finger fixed at an angle of 160° to the crank B; 
a spiral cam C; and a disk O, of a non-conducting material. Two prismatic levers J and r, forming 
a ocmstant angle with each other, are attached to another shaft, F —the lever J being in the plane of 
the cam C, and the lever r in the plane of the finger D. At the bottom of the lever r is attached an 
armature of a strong magnet A, whose two branches end in soft-iron 
cores, surrounded with bobbins through which an electric current can be 
sent. The lever r is connected with a stop jP, which, being in the plane 
of the finger 2>, prevents its passing the second fix^ position, namely, 
when the large semaphore-arm is horizontal. This, however, happens 
only when the armature p is attracted by its magnet. When the arma- 

8981. 







ture is liberated from the magnet, the stop P being no longer a support 
to the finger i>, the latter then is free to fall. The armature/) is liber¬ 
ated from its magnet only by the action of an electric current which, 
passing through the bobbins, weakens the magnetic force; and this cur¬ 
rent can be sent only from the semaphore of the neighboring post. When 
the finger 2) removes its support, the shaft X is no longer locked in its 
fixed position, and consequently the large semaphore-arm will fall by its 
own weight. The semaphore-arm can be brought back to a horizontal position by the crank M being 
turned over an angle of 210° by hand, in which case the cam C will lift the lever 2, and consequently 
bring the armature p again in contact with the magnet, and place the stop P under the finger 2), 
preventing any further rotation, and locking the arm. It will be observed that the large semaphore- 
arm is placed in the horizontal danger position mechanically by the attendant, and that it is locked 
in this position and cannot be reset to sa/r/y by him, but only by the signalman at the other extrem¬ 
ity of the section. The small semaphore-arm which is acted on by instrument No. 2 (identical with 
instmment No. 1) is so counterweighted as to take a horizontal position when liberated from the 
action of the ma^et, and vice ver»<u The horizontal position of the small semaphore-arm is thus 
affected by the action of the attendant at the semaphore of the neighboring post, and it announces 
that a train has just entered on the section. 

The disk O, which rotates with the shaft X^ is a circuit-closer. It is made of non-conducting 
material, but it has on its circumference seven metallic plates. Three pairs of these are connected, 
and the seventh plate passes through the shaft AT to* the ground. The disk rotates between four 
triangnlar prisms, which come in contact with the seven metallic plates during the rotation. These 
prisms are connected respectively with the positive and negative poles of the battery, with the bobbins 
of the magnet and with the line-wire which leads to the neighboring semaphore-post. As the 
disk rotates, the electric currents are established or broken between each two of the prisms. In the 
different positions of the semaphore-arms electric communication is established or broken as follows: 
When the semaphore-arm is liberated from the action of the magnet (the large arm being down and 
the small arm horizontal), no communication between the prisms exists, and consequently no electric 
enrrent passes. When the semaphore-arm is locked by the action of the magnet (in the reverse posi¬ 
tion of the arms), a communication is established between the line-wire and the bobbins of the magnet; 
the position of the arms can then be reversed by the signalman at the other extremity of the section. 
During the rotation of the disk, which occurs when the arm changes position, one pole of the battery 
is placed momentarily in communication with a line-wire, causing actions to be presently described. 

There is another magnet R attached to the apparatus, which acts on a target K, on which are 
written the words “ Free ” and “ Blocked.” As this target is attracted or liberated by the magnet 
(an armature being attached to a lever which moves the target), these two words can be seen alter¬ 
nately through an opening made for this purpose in the casing of the apparatus; and at the same 
time a stroke on a bell T, by a bell-hammer t which moves with the target, gives an audible simal, 
announcing that a current is passing. The bobbins of the magnet R communicate with those of the 
magnet A in such a manner that the positive pole of one connects with the negative of the other, 
and vice vena. By this arrangement, if either negative or positive current is sent through the wire, 
it will strengthen the power of one and weaken that of the other magnet. 

To explain now the operation of the electro-semaphores, let us consider the road divided into seo- 
109 
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tions by the signal-posts Yy Zy Fig. 3932. A train having started from the initial post Xy the 
signalman there turns the crank of instrument No. 1 (the initial post has no instrument No. 2), 
raising the large semaphore-arm to danger. Before the arm has reached that position, a momentary 
negative current is sent on the line-wire to instrument No. 2 of the semaphore at Yy where it liber¬ 
ates the small semaphore-arm from the magnet, placing it thus horizontally and announcing the 
departure of a train. And while the small semaphore-arm at y is diangiog its position, a posi¬ 
tive current is sent through the line-wire from instrument No. 2 at y to instrument No. 1 at A' 
which strengthens the power of the magnet A and weakens that of the magnet R, in consequence of 
which the target V is liberated and the word ** Blocked ’’ can be read on it. This is also accompanied 

by a stroke on the bell T. The attendant at 
X has thus received an announcement that the 
I I I electric signal sent by him to Y has been actu- 

Y z produced there. When the train arrives at 

Yy the attendant there manipulates his instru¬ 
ment No. 1, producing at Y and Z the same effects as those just described. This done, he turns the 
crank of instrument No. 2, setting his small semaphore-arm vertically, and thus removing the an¬ 
nouncement of a train which he has formerly received from X, This action on instsument No. 2 at 
y sends a negative current to instrument No. 1 at Xy which neutralizes the power of the magnet A, 
liberating thus the large semaphore-arm, which falls to safety, and opens the section AT y for a suc¬ 
ceeding train. Again, while the large semaphore-arm at X is falling to safety, a positive current 
is transmitted from instrument No. 1 at AT to instrument No. 2 at Yy where it produces a movement 
of the target on which the word ** Free ’’ can be read, announcing thus to the attendant at Y that his 
signal has been produced at X, A stroke on the bell accompanies this. 

HaU Automatic Electric Signals, —^This system of signaling does not require attendants, as it is 
operated by the action of the moving trmns. The entrance to each block section is protect^ by two 
signals, placed about 1,000 feet apart. Each signal is of the disk form, and is placed, together with 
an electro-magnetic apparatus, in a water-tight box which is attached to a bi^ post, so as to be 
visible from a long distance. The boxes have round openings, covered with glass, through which the 
disks are visible when displayed. The signal which is placed immediately at the entrance of a section 
is called the danger signal,” and the other, placed 1,000 feet farther off, the ** safety signaL” But 
each of them when displayed indicates danger to the approaching train, and if bidden from view in¬ 
dicates safeig. The two signals are connected by electric wires, and are so arranged that when one 
of them is displayed the other is hidden, and vice versa ; the change of position of one of the signals 
producing a reversal of the other. The second signal is called the “ safety signal,” as it gives to the 
engine-driver a constant knowledge of the working order of the apparatus. At the entrance to a sec¬ 
tion is also placed a “ track instrument,” which, being acted on by a passing train, sets the signals in 
the danger position, to close this section. Another track instrument, placed about 1,600 feet distant 
from the first, reverses the rear signals, setting them in the safety position, to open the rear section for 
a following train. The electro-magnetic devices which move the signals are connected by wires with 
one pole of a battery and with the ground. The track instruments are drcuit-closera, which are inter¬ 
posed in the wire connecting the signals with the ground. The instrument which sets the signals at 
danger, which for distinction may be termed No. 1, connects with the danger signal, while the other, 
No. 2, connects with the safety signal 

One peculiarity of the Hall system of signals is, that only one battery need be used for the whole 
line. This advantage is obtuned by such a disposition of the wires as to equalize the electric resist¬ 
ance over the line. Fig. 3938 explains this. One pole of a battery is connected with a wire By called 
the “ battery wire,” wlfich extends over the whole line, and ends unconnected. AnoUier wire A, 
called the ** ground wire,” also extends over the whole line. One end of this is connected with the 

ground at A, and the 
other end b left free. 
The other pole of the 
battery connects with 
the ground at Y, At 
different points of the 
line, branch wires A 
A A are run from the 
ground wire to the dr- 
cuitHclosers C' C” C ", 
which are the track in¬ 
struments. The latter 
are farther connected by 
wires B B B (which on 
their way pass through 

the signal apparatus) with the battery wire. If any of the circuit-closers are closed, an electric dr- 
cuit is established. In Fig. 3933 the circuit-closer C” is represented as closed. The current will 
therefore travel from one pole of the battery, through the battery wire By the brandi B, the drenh- 
closer C"y the branch Ay and the ground wire A, to the ground at Zy and hence through F to the 
other pole of the battery, or vice versa. It is evident that whether the drcuit-closer C' or C” be 
closed, the length of wire passed over by the current will be the same as that of the dreuit just 
described. 

The track instrument is illustrated in Hgs. 3934 and 3935, representing its vertical secUon and 
plan. In Fig. 3936, the cap D is removed. The lever L is pivoted at A in a bracket which is bolted 
to a cross-tie. One end of the lever extends to within a short distance of the track-rail, being Some- 
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what elevated above the top of the latter, bo that a wheel of a passing train must depress it, and 
thus swing it on its pivot. Two rubber springs, R and r, serve to diminish the intensity of the shock, 
and to bring the lever back to its normal position. The other end of the lever L enters into a cast¬ 
ing 6 ^, which is also bolted to the cross-tie; a sliding cover H prevents the dust from entering inside 
of the casting. The casting is divided into two chambers. The upper chamber K is an air-cylinder, 

in which a piston P is fitted. The piston is pro- 
vided with a rod />, the lower end of which stops 
short at the lever X, while the upper, terminating 
with a sharp-pointed cone, enters through a hole 
of the cylinder-cover £, On the cover £ is placed 
a spring circuit-closer c, which is interposed in the 
wire connecting the signal apparatus with the ground 
wire, and which, when the piston-rod rises through 
the hole of the cover, is closed by the action of a 
small lever m, pivoted at one end, which is pushed 
horizontally by coming in contact with the conic¬ 
ally-shaped end of the piston-rod. Whenever a 
wheel passes over the lever X, the piston-rod is 
forced upward, and the circuit is closed. The air- 
cylinder serves to slacken the speed of the piston- 
rod in its downward motion. This is accomplished 



by connecting the spaces above and below the piston by air-passages, 9 , f, o, in which a small valve 
t opens communication freely when the air is flowing from above the piston to below it, but leaves 
only a small opening when the direction of the air-current is reversed. 

The signal apparatus is shown in Figs. 8936 and 8937, representing its front and side elevations. 
It consists of a disk A attached to a lever ££^ fastened on a shaft AXy with which it swings. The 
disk as shown at is in a pendent position, and as shown in half, in dotted line, is in a raised po¬ 



sition. It is brought from the first into the second position by the action of an electro-magnet, and 
is held so by means of a mechanical support. It is brought back into the depressed position by its 
own gravitation, the mechanical support being removed by the action of another electro-magnet. 
This is accomplished by the following arrangement: On the shaft X^X is fastened a wheel a, to the 
drcamference of which is fixed one end of a chain 6 , its other end being attached to a rocking lever 
K. The lever‘d is connected by a rod R with another rocking lever X’, pivoted at *, at the other end 
of which is attached an armature A of an electro-magnet M. In the position shown in the drawing, 
the armature h is liberated from its magnet; but when the electro-magnet 3/ becomes excited by an 
electric current, it will attract the armature, swinging the lever F into the position zgf (shown in dotted 
line), and thus raising the end / of the rocking lever K to the position /'. The chain 6 , being 
thus pulled, will swing the shaft X^ and with it also the disk into the raised position. As soon 
as the lever F has been raised, another lever X, which is pivoted on the axis o and counterweighted 
by a weight w, will swing from the position o n into the position o n' (shown in dotted line), and a 
stop i of the lever F will then rest on the top of the lever X, thus supporting the disk in its raised 
poaition. The lever X carries an armature f of a second electro-magnet which when energized by 
the action of an electric current will attract the armature and thus bring the lever X back into its 
former position ; by which action, the support of the lever F being removed, the lever will fall down, 
together with the lever if, to the first position; the chain d will consequently be slackened, and the 
disk will be allowed also to fall by its gravity. The electro-magnet M is excited by the electric cur¬ 
rent established by track instrument No. 1 , which closes a section, and electro-magnet N is excited 
by track instrument No. 2 , which opens a section. 

The mechanical arrangement of the danger and safety signals is similar, the only difference being 
that the first is displayed when in its raised position, and the second is displayed when in its pendent 
position, so that berth are either raised or lowered at the same time. 

All wires for electric transmission are connected to metallic plates which are marked in the draw¬ 
ing from 1 to 8 , and which are attached to an insulated plate, across which the shaft X passes. This 
portion of the apparatus is called the “circuit-closer and cut-out,’* and is shown also separately in Fig. 
3988, with some parts detached. On this insulating plate is plac^ a lever H Hy which can be brought 
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in contact with plates 1 and 2, or 3 and 4, and thus close or break a circuit between them. This 
lever is provided with two legs i; v'y projecting downward. With the shaft X moves also a finger P, 

which carries at its end an 
insulated stud m. The stud 
swinging with the shaft X 
I touches one or the other of 
the two legs v t»', and swings 
the lever //, either in the posi¬ 
tion shown in Fig. 8936, or that 
shown in Fig. 8988. Plates 6 
and 8 have attached to them 
spring circuit-closers, the other 
ends of w hich can be brought 
momentarily in contact with 
plates 6 and 7, respectively, by 
the action of the same stud m, 
which, as the shaft X swings 
one way or another, passes its 
fixed position by the action of 
momentum of the swinging 
parts which are attached to it 




The connections of the wires 
and the transmission of cur¬ 
rents can now be explained 
from the diagram Fig. 3939. 
The safety and danger signals 
are shown raised in the posi¬ 
tion of danger. Tlic section 
is then occupied by a train, 
and consequently the signals 
will remain in this position 
until the train has entered the 
succeeding section and passes 
over track instrument SV 2 , 
closing a circuit. As this in¬ 
strument connects with the 
safety signal by means of its 
connector 2 , a circuit will be 
closed which runs from the 
ground through track instru¬ 
ment No. 2 , the safety signal, 
its connector 2 , circuit closer Hy connector 1 , electro-magnet NNy and thence through the battery to 
the ground again; or vice versa. The connection of wires is indicat* d by dotted lines in the dia¬ 
gram. As the electro¬ 
magnet N N becomes 

excited, it produces a ^ 

fall of the disk of the >fTTT|niTTIT!|^^ ^ ^ | 

safety signal, which is A iMIMv I I ! 1 I 

thus displayed as seen /fl ’ Kjfa - jwe wMf 

in dotted line. At the i\\\\\ fii'ili I tJ P iM 

same time the circuit- |'| !; :'i| ] i wH liflllti 1 

closer //swings from \! j! 1 * Jti!'’,, -^ lill I ’ 

the position indicated \ > 111111 !! 

by a full line to the / D^^PUyfO \ i / HlDDCf \ 

position //', shown in [ | I [ | 

dotted line, and thus \ j I V j 

breaks the described \ / j \ y 

circuit. The action of I 

the electro-magnet is —n— I p - i i 

thus momentary, and _ roBAr rmr^ \ _ Qr^isJBSSXSf 

as soon as the stroke 1 mm a lSj 

of one of the wheels b 

of a train has produced A« 7 T S/6W4L S/sam, 

the current, all subse¬ 
quent strokes of the remaining wheels are without effect. At the same time that the abowe is aooom- 
pushed, the spring circuit-closcr T of the safety signal closes another circuit and establisbes a enr- 
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rent which runs from the ground through connector 6, circuit-closer connector 6, all of the safety 
signal, then through the danger signal by its connector 2, circuit-closer connector 1, to the electro¬ 
magnet N Ny and thence through the battery to the ground again; or vice versa. This causes the disk 
of the danger signal to fall and be hidden. The circuit-closer H of the danger signal will now 
switch off into the position indicated by the dotted line. The signals are thus set to sa/et^y and if a 
train enters on the section it strikes track instrument No. 1, which connects with connector 3 of the 
danger signal, and the currents—which the reader can now easily make out for himself—will, acting 
on the electro-magnets MJf of the danger and safety signals, raise both of the disks to the danger 
position. It will be observed that the position of the safety signal shows to the trainmen who enter 
a section whether the danger signal has been displayed behind the train; in other words, whether 
the apparatus is in a working condition. Should the safety signal be displayed after the train passed 
a hidden danger signal, a derangement of the apparatus would be discovered and reported at the 
nearest station. The safety signal is thus only a controlling apparatus. If the signals are placed at 
the entrance to a depot, the si^ety signal has another spring circuit-closer J'y which when the disk 
rises is closed, thus sending a current through an electric bell placed at the station, announcing the 
approach of a train. 

In connection with the Hall signals, track instruments are used to strike bells on road-crossings, 
warning flagmen that a train is coming. A special switch instrument is also used, which inter¬ 
locks the signals with switches in such manner that, whenever a switch is set wrong to the main line, 
the signals are set automatically at dangery and when the switch is placed back for the main line, the 
signals are set at safety. In a similar manner the draw of a bridge is interlocked with the signals. 

Rousseau's Automatic Signal consists of a disk (Fig. 8940) which revolves on a vertical shaft 

moved by clock-work. This vertical shaft has four hori¬ 
zontal arms, which, coming in contact with a stop Ey pre¬ 
vent the rotation of the disk. The stop E carries an 
armature of an electro-magnet i), which, when momen¬ 
tarily attracted, moves the stop and releases the arm. 
The disk will then revolve, but only a quarter of a revo¬ 
lution, as the next arm will be engaged by the stop.” 

8941. 


In this way the disk will take alternately a parallel or 
perpendicular position to the track. A track instrument, 
shown in Fig. 3941, which is a circuit-closer, is placed 
under a rail, and during the passage of a train closes a 
circuit, momentarily exciting the electro-magnet of the 
signal apparatus. As soon as the change of position of 
the disk has been produced by the action of the track 
instrument, a circuit-closer attached to the signal apparatus breaks the current; but at the same 
time a second circuit-closcr is closed by the rotation of the shaft, setting the signal apparatus in 
electric communication with another track instrument, which is placed at the other end of a railroad 
section protected by this signal. This, being actuat^ by a train, will place the signal back to its 
former position. Thus the signal cannot be moved to danger and back to safety by the same track 
instrument, but by the alternate action of the two. The automatic action can be dispensed with if 
desired, by substituting for the track instrument an apparatus worked only by hand. 

Works for Reference .—“On the Fixed Signals of Rail wavs,” Rapier, London, 1874; “Treatise 
upon Railway Signals and Accidents,” Dawney, London, 1874; “Railway Appliances,” Barry, I^on- 
don, 1876; “Note sur le Block-System et sur quelques Apparcils,” etc., Sartiaux, Paris, 1877; 
“ Note sur I’Emploi des Electro-Semaphores de MM. Lartigue, Tesse et Prudhomme, pour la Realisa¬ 
tion du Block-System,” Cierault, Paris, 1877. See also the following papers in the Railroad Gazette: 
“Interlocking Switches and Signals,” vii., 424-427 (Toucey-Buchanan System), 443-465 (Saxby and 
Farmer System), 477-479 (Brierly System); “The Burr Pneumatic Interlocking Apparatus,” ix., 261; 
“The Rousseau Electric Signal System,” ix., 230 and 241; “ Saxby and Farmer’s Union of the Block 
and Interlocking Systems,” x., 341, 842 ; “Semaphore Signals,” x., 477-479; “ Chambers’s Pneuma¬ 
tic Signals,” xi., 66; “ Electro-Semaphores of Lartigue, Tesse, and Prudhomme,” xi., 93, 96, 108, 
109; “The Hall Automatic Electric Railroad Signals,” xi., 663-690. T. F. K. 

SILK-SPINNING MACHINERY. The machinery used in the fabrication of silk is very simple, 
as compared with that required for cotton or wool. The long and ingenious scries of processes by 
which an even and continuous thread is produced from a tangled collection of short fibres are 
here unnecessary, the only end to be accomplished being that of uniting a sufficient number of the 
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delicate fibres spun by the silk-worm to form such a thread as is required for the purpose for whidi 
it is intended; to clean the raw silk from the gum which it holds in its natural state; and to free H 
from knots and imperfections. 

The thread as produced by the worm is composed of two filaments, which are spun simultaneously 
and cemented together. When wound into the cocoon the coils mutually cohere to each other, but 
readily separate upon being immersed in warm water, so that the entire thread may be reeled off. 
As many of these filaments as may be desired are reeled off together, and become cemented so as to 

form a thread. In this state it 
is the raw silk of commerce, and 
is exported to the United States 
from China, Japan, and Italy, 
made up into hanks or bundles. 
The length of each filament is 
usually about 800 yards. Of av¬ 
erage cocoons, 250 weigh about 
a pound, and 12 lbs. of cocoons 
yield a pound of silk. 

Waskifig and M^xnd&ng .—^The 
raw silk is first indos^ in a 
light cotton bag and soaked in 
warm water at 110° F. for a 
few hours. The water is then 
removed, and the silk left in a 
softened state by the hydro-ex¬ 
tractor. The silk is then placed 
upon reels and thence wound 
upon spools. The reels are six- 
sided, and are technically called 
8u'ifU. They are adjustable to 
suit the sizes of the hanks, and 
are balanced so that they will 
not break the threads by irregu¬ 
lar motion. By means of weights 
enough friction is produced up¬ 
on their axes to keep the threads stretched. The bobjbins have each an independent motion, and 
any one can be taken off and replaced without interfering with the others. An eye through which 
the thread passes to the bobbin has a traverse motion by which the thread is wound obliquely and 
lateral adhesion is prevented. 

Cleaning —or, as it is sometimes termed, “clearing”—is performed by fixing the bobbins horizon¬ 
tally on plain spindles and passing the thread between two adjustable pieces of metal. Should a 
knot or other unevenness chance to be on the thread, these metal blades prevent its passing through, 
one of the plates becomes de¬ 
pressed, and the bobbin is lift¬ 
ed off the friction-roller which 
gives it motion. The stoppage 
being perceived by the attend¬ 
ant, the defect is removed and 
the work proceeds. 

Twisting or Throwing. — 

Silken thread merely wound 
and cleaned is called dumb 
singles. If twisted to add to 
its strength and firmness, it is 
termed thrown singles^ or sim¬ 
ply singles. Two or more sin¬ 
gles twisted together—that is, 
single - twisted loosely—form 
tram^ which is used as the weft 
in weaving. When two sin¬ 
gles are twisted together in 
an oppovsite direction to that 
in which the singles themselves 
are twisted—that is, so that 
the resulting thread is double- 
twisted—^the process is called 
ihrowingy and the product 
thrown silk or orgamine. This is generally used as the warp in weaving. For silk gauze dumb sin¬ 
gles are used; for ribbons and common silk, thrown singles; for the best silk, tram and organzine. 
Doubling is the process of bringing two or more twisted threads into one and winding them prepara¬ 
tory to spinning. 

The S^k-J^inning Frame constructed by the Danforth Locomotive Works of Paterson, N. J.. is 
represented in Fig. 3942, On this the spools of doubled thread are placed, and a certain number of 
turns per inch is given to the filaments, this twist being regulated by the speed of the delivery rolls, 
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which are in single pairs, and not compound as in cotton-spinning, no stretch being given or required. 
The threads are again doubled or twisted by a second operation. 

From the spinning frame the silk is transferred to the reel-mill, Hg. 8948, where it is again wound 
into skeins, and is ready for the dyer. 

Spinning Waste Silk. —^Wastesilk is of two kinds—^that produced directly from the cocoons, and 
that which accumulates in the course of manufacture. It is first submitted in short lengths or 
^ stricks ’’ to the processes of softening, washing, opening, filling, and dressing, when it is ready for 
the first machine of the series, which is the spreader^ and in which the silk passes over a porcupine 
roller and through a series of combs, and is delivered upon a drum. From the spreading machine 
the silk is taken to the teU or tlwering rMchint^ which is constructed similarly to the sprier, with 
the exception that the silk is delivered into a can instead of being wound round a roller. From the 
slivering machine the silk is taken to the drawing machine^ which has fine gills placed closely together. 
The sliver then passes to the roving frame^ where it is still further reduc^ by being passed through 
a very fine screw-gill The rove is now ready for spinning, and is removed to the spinning frame, 
which is similar in construction to those used in dry fiax- and worsted-spinning. Here the rove is 
greatly reduced in size, and is twisted and wound upon a bobbin, to be afterwai^ doubled in similar 
maimer to cotton, flax, and other yams. Finally, the silk thread is taken to the reeling machine, 
where it is made into hanks. A very full illustrated account of the machines devised by Messrs. 
Greenwood k Batley of Leeds, England, and by which the above-described process is accomplished, 
appears in Engineering^ xviil, 6 et aeq. 

SINGEING MACHINE. See Cloth-finishino Machinebt. 

SIZING MACHINE. See Hat-makino Machinebt. 

SLICKING MACHINE. See Leatheb-wobkino Machinebt. 

SLIDE-REST. See Lathe-Tools, Tubnino (Slide-Rest). 

SLIDE-VALVE. The valve which controls the admission or exit of steam from the cylinder of an 
engine. The general nature of this arrangement is illustrated in Figs. 8944 to 8947, for the case in 
which the valve is just long enough to cover the ports, the figures showing the slide in its central and 
two extreme positions. It occupies the mid-position, ^g. 8946, when the piston is at either extremity 
of its stroke; the extreme position. Fig. 8945, when the piston 
is at half-stroke in its descent; and that shown in Fig. 8944, 
when the piston is at half-stroke in its ascent. 

When a slide has no lap, the width of its facing, at / and 
g. Fig. 8946, equals that of the steam-ports, the lap being any 
additional width whereby those ports are overlapped. 

That the waste steam may nave unobstruct^ egress, the 
exhaust-port c must be made of no less width than the steam- 
ports ; and, for the same reason, the bars d and e should cor¬ 
respond with the slide-face at / and g. The three ports, to¬ 
gether with the bars between and beyond them, are therefore drawn of equal width; the total length 
of the slide being equal to the distance between the steam sides of the steam-ports. The distance 
through which the slide moves, in passing from one extreme position to the other, is called its travel^ 
which, in this case, equals twice the width of port. 

When the motion of a slide is produced by means of an eccentric, keyed to the crank-shaft and re¬ 
volving with it, the relative positions of the piston and slide depend upon the relative positions of the 
crank and eccentric. 

In proportioning a slide-valve, it is commonly designed so that the admimon^ cut-off, release, and 
compression of the steam shall occur at certain definite points of the stroke. The literature relating 
to the slide-valve is quite extensive. Among the most recent and approved works upon the subject 
are: “Link and Valve Motions,” by W. S. Auchincloss; “A Practical Treatise on the Movement of 
Slide-Valves,” by C. W. MacCo^; and “Treatise on Valve Gears,” by Gustav Zeuner. The methods 
explained in the present article are principally derived from the last-named work. An explanation 
of the arrangement of link-motion is contained in the article Locomotive, Descbiption of Pabts op the. 

The travel of a slide-valve which is just long enough to cover the ports is equal to twice the width 
of port-opening. If the valve is lengthened on the steam side, this addition is called ateamdap, and 
an addition to the exhaust side is called exhauaUlap. The effect of steam-lap is to cut off the steam 
at an earlier part of the stroke, and exhaust-lap causes the exhaust to open later and close earlier 
than it otherwise would. The amount of opening for the admission of steam at the beginning of the 
stroke is called steam-lead, and the opening for release at the end of the stroke is exhattai-kad. If a 
valve has neither lap nor lead, the eccentric is secured to the shaft in such a position that a line join¬ 
ing its centre with the centre of the shaft is perpendicular to a line connecting the centre of the shaft 
and the centre of the crank-pin. If the valve has lap or lead, the eccentric must be moved ahead so 
that the line joining its centre and the centre of the shaft makes an angle, called the angular advance, 
with its former position. By marking the central line on the eccentric, it can be readily adjusted 
when the angular advance is determined. The area of port-opening for any given case should be such 
that the velocity of the steam in passing through it will not exceed 100 ft. per second. The accom¬ 
panying table can be used in determining the area: 

Speed of piston, in ft. per minute.. 100 200 300 400 600 600 700 800 900 1000 1100 1200 

Port area = piston area X .02 .04 .06 .07 .09 .1 .12 .14 .16 .17 .19 .2 

Thus, for an engine with a cylinder 40 in. in diameter and 4 ft. stroke,’making 60 revolutions a minute, 
the port area should not be less than 1266.6 x 0.07 = 88 sq. in.; and if the length of the port is 

equal to the diameter of the cylinder, its width is 88 .40 = 2.2 in. 

The width of opening given by the motion of the valve is frequently greater than the width of 
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port, BO that the bridge between steam- and exhaust-ports should be wide enough to prevent a leak 
into exhaust due to over-travel. The following rules are given by Auchincloss: 

Minimum width of bridge = width of opening + i in. — width of steam-port. 

travel of valve 

Width of exhaust-port = width of steam-port -|---width of bridge. 

The principal questions relating to travel and lap of valve can be readily solved by the aid of the 
accompanying diagram and tables. In Fig. 8948, A B represents the stroke of the piston. B (J 
is perpendicular to A B. O Eia the central line of the crank at the instant of admission ; FE^ 
at cut-off; Q Ki release ; and at •commencement of cushion, bisects the a^le OFF, 

and EM is a continuation of HE, /and AT are the centres of two circles of which HE and EM 

. .. E L E K steam-lap EO EP exhaust-lap 

are the diameters. Then, = 77-7, = : -— ; tttj- = .- . - . r~ » 

HE HE half travel of valve ^ E M EM half travel of valve 

and HE D = angular advance of eccentric. By Table I. the travel of the valve and the steam-lap 
can be found when the angle O EFz=za is known; and Table II. gives this angle for any desired 
point of cut-off, and for various lengths of connecting-rod. Table L also gives the exhaust-lap 



when the angle GEQ = is known. The angular advance can be found from Rg. 3948 if the 
lead-angle GE A = y is given; and any of the other positions can be found from the figure, as 
indicated. In using Table I., the angle o is always to be taken for finding the travel of the valve, 
and the angle is to be used only in calculating the exhaust-lap. Where a valve has no exhaust- 
lap, the angle jS = a -f angular advance. 

To illustrate the preceding principles, suppose that the width of port, as calculated in the former 
example, is 2.2 in.; that the width of opening is to be 2.5 in.; that the connecting-rod is 2| times 
the stroke; that the cut-off is to take place at three-quarters of the stroke, the release at ; and 
that the lead-angle is to be 10®. By Table II., a = 114.6® -|- 10® = 124.6®; hence by Table I. the 
travel of valve is 2.5 x 8.738 = 9.45 in,, and the steam-lap is 9.45 x 0.2324 = 2.2 in, Snee 
3 = 151.3® -h 10® = 161.3®, the exhaust-lap is 9.45 x 0.0811 = 0.77 in. By Fig. 8948, the angular 
advance of the eccentric is 90® -f 10® — 62.3® = 37.7®, and the crank-angle at commencement of 
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cushion is 180®+ 124.6* — 161.3® — 10 ® = 133.3®, corresponding, by Table II., to a piston position 
of about 0.81 of the stroke. 

The positions determined above are for the forward stroke of the piston. On the return stroke, the 
cut-off will take place at the same crank-angle, 114.6®; but to correspond to the same piston position, 
as will be seen by Table II., it should take place at a crank-angle of 124.6®. By a slight adjustment 
of the angular advance and the length of the eccentric rod, the cut-off can be equalized. This adjust¬ 
ment is fully explained in Auchincloss’s work, referred to above. The width of bridge should be at 

4.1 

least 2.5 -h 0.25 — 2.2 = 0.55 in.; and the width of exhaust-port, 2.2 + -^-0.65 = 8.7 in. 

The above method of proportioning valves does not take into account the effect of the angularity 
of the eccentric-rod. This effect is generally inappreciable, owing to the length of the connection. 
The reader will find this point fully discussed in Zeuner^s work, from which the method is derived. 


Table I.—Zap and Travd of Valve. 


ANGLE 
B«tWMO Po- 
dttouof 
Cnak as In- 
•teaUof Ad- 
mwUmvtd 
Cut-of^ or 
lUloMo and 
Coshioa. 

Ratio of Lap 
to Traval of 
ValTO. 

Ratio of TrsTtl 
of ValTt to 
Width of Port 
Opealng. 

1 ANGLE 
Beiwean Po- 
titiona of 
Crank at lo- 
■taato of Ad- 
mlation and 

1 Cnt-otr, or 
R«Uaaa and 
Ctuhion. 

Ratio of Lap 
to Travol of 
ValTO. 

Ratio of TraTtl 
of ValTO to 
Width of Port 
Opanlng. 

1 ANGLE 
Betwaen Po- 
■ition* of 
ICrank at In- 
istanta of Ad- 
1 tniuioo and 
Cut-off, or 
RcIeaM and 
Coahlon. 

Ratio of Lap 
to Travel of 
ValTO. 

Ratio of Trarel 
of ValTO to 
Width of Port 
Opaning. 

D^Cfaaa. 

81 

.4818 

55.01 

DagroM. 

1 81 

.8802 

8.847 

nagraM. 

181 

.2074 

8.417 

88 

.4806 

61.68 

82 

.8774 

8.158 

182 

.2084 

8.871 

88 

.4794 

48.67 

83 

.8746 

7.967 

188 

.1994 

8.826 

84 

.4788 

46.77 

84 

.8716 

7.786 

134 

.1954 

8.268 

86 

.4769 

48.23 

85 

.8686 

7.618 

185 

.1918 

8.240 

86 

.4755 

40.87 

66 

.8657 

7.445 

186 

• .1878 

8.198 

87 

.4748 

88.70 

67 

.8627 

7.283 

187 

.1888 

8.157 

88 

.4728 

86.71 

88 

.8597 

7.126 

188 

.1792 

8.117 

89 

.4718 

84.87 

89 

.8566 

6.976 

189 

.1751 

8.»)78 

40 

.4699 

88.17 

90 

.8586 

6.828 

140 

.1710 

8.040 

41 

.4688 

81.58 

1 91 

.8505 

6.687 

1 141 

.1669 

8.002 

48 

.4668 

80.11 

1 92 

.8478 

6.550 

1 142 

.1628 

2.966 

48 

.4652 

28.74 

98 

.8442 

6.418 

1 143 

.1587 

2.980 

44 

.4686 

27.47 

94 

.3410 

6.289 

144 

.1545 

2.894 

45 

.4619 

26.27 

96 

. aS 78 

6.165 

145 

.1504 

2.860 

46 

.4603 

25.16 

96 

.3846 

6.045 

146 

.1462 

2.826 

47 

.4585 

24.11 

97 

.8318 

6.928 

147 

.1420 

2.798 

48 

.4668 

23.18 

98 

.8280 

6 . S 15 

148 

.1878 

2.761 

49 

.4550 

22.21 

99 

.8247 

6.705 

149 

.1886 

2.729 

00 

.4588 

21.84 

100 

.8214 

6.699 

150 

.1294 

2.698 

01 

.4518 

20.68 

101 

SIS) 

5.496 

1 IM 

.1252 

2 . 66 S 

03 

.4494 

19.76 

102 

.8147 

6.896 

1 152 

.1210 

2.688 

08 

.4475 

19.04 

108 

.8118 

5.298 

158 

.1167 

2.609 

54 

.4455 

18.35 

104 

.8078 

5.204 

IM 

.1126 

2.581 

65 

.4435 

17.70 

106 

.8044 

6.112 

1:5 

.1082 

2.553 

56 

.4415 

17.09 

106 

.8009 

6.028 

156 

.1040 

2.526 

67 

.4394 

16.60 

107 

.2974 

4.986 

157 

.0997 

2.499 

68 

.4878 

15.95 

108 

.2939 

4.852 

158 

.0954 

2.472 

69 

.4359 

15.48 

109 

.2904 

4.770 

159 

0911 

2.446 

60 

.4830 

14.98 

110 

.2668 

4.690 

160 

.0868 

2.420 

61 

.4808 

14.45 

111 

.2832 

4.618 

161 

.0825 

2.896 

68 

.4286 

14.00 

112 

.2796 

4.687 

162 

.0782 

2.871 

68 

.4268 

18.67 

118 

.2760 

4.464 

168 

.0789 

2.847 

64 

.4240 

13.16 

114 

.2723 

4.893 

164 

.0696 

2.828 

65 

.4217 

12.77 

115 

.2687 

4.822 

165 

.0658 

1 2.800 

66 

.4198 

12.40 

116 

.2660 

4.255 

166 

. 0 fi 09 

2.278 

67 

.4169 

12.01 

117 

.2618 

4.169 

167 ■ 

.0566 

2.255 

68 

.4145 

11.70 

118 

.2575 

4.124 

168 

.0528 

2.284 

69 

.4121 

11.87 

119 

.2588 

4.061 

169 

.0479 

2.212 

70 

.4096 

11.06 

120 

.2600 

4.000 

170 

.0486 

2.191 

71 

.4071 

10.76 

121 

.2463 

8.940 

171 

.0892 

3.170 

78 

.4045 

10.47 

122 

.2424 

8.982 

172 

.0849 

2.150 

78 

.4019 

10.20 

123 

.2886 

8.925 

178 

.0806 

2.180 

74 

.8993 

9.938 

124 

.2847 

8.770 

174 

.0262 

2.111 

75 

.8967 

9.679 

125 

.2309 

8.716 

175 

.0219 

2.091 

76 

.8940 

9.435 

126 

.2270 

8.668 

176 

.0174 

2 . 0:2 

77 

.8918 

9.201 

127 

.2281 

8.611 

177 

.0181 

2.054 

78 

. 8^86 

6.074 

128 

.2192 

8.561 

178 

.0087 

2.086 

79 

. 8 S 58 

8.757 

129 

.2153 

8.512 

179 

.mA 

2.018 

60 

.8880 

8 . J 49 

180 

.2118 

8.464 

180 

.0000 

2.000 


However carefully the valve is proportioned and the adjustment of the eccentric effected, the 
engineer who desires to be certain that the valve-motion of his engine is properly arranged will 
make the final test and adjustment with the aid of the steam-engine indicator. 

The simple slide-valve is not ordinarily employed when the cut-off is to take place at an earlier 
point than two-thirds of the stroke, on account of the effect produced upon the exhaust. This can 
be illustrated by an example. Suppose, in Fig. 3948, that 7 = 6 ®, a = 56®, and /3 = 180°; then the 
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Table II. — CranJc-AngUt for Connecting-Rod* of Different Length*. 



RATIO OP LENGTH OF OOHNEOTING-BOD TO LENGTH OP 8 TBOKB. 


2 


2 i 

21 

3 1 $1 



si 


Crank - Angle , in Degrees . 


FRACTK 

FROM 

For¬ 

ward 

Strok*. 

Retoni 

Strok*. 

For¬ 

ward 

Strok*. 

Return 

Strok*. 

For¬ 

ward 

Strok* 

R*toni 

Stroke. 

For¬ 

ward 

Strok*. 

Ratsm 

Stroke. 

For¬ 

ward 

Strok*. 

Return 

Strok*. 

For¬ 

ward 

Stiok*. 

Raton 

Strok*. 

For- 

Staok*. 

Ratoia 

Strok*. 

.01 

10.8 

13.2 

10.4 

18 

10.5 

12.8 

10.6 

12.7 

10.6 

12.6 

10.7 

12.5 

10.7 

12.4 

.09 

14.6 

IS.7 

14.7 

18.4 

14.9 

18.1 

15 

17.9 

15.1 

17.8 

15.1 

17.7 

15.2 

17.5 

.03 

17.9 

2i.9 

18.1 

22.5 

18.2 

22.2 

18.4 

22 

18.5 

21.8 

IS.6 

21.6 

19.7 

21.5 

.04 

20.7 

26.5 

20.9 

26 

21.1 

25.7 

21.8 

25.4 

21.4 

25.2 

21.5 

25 

21.6 

24 9 

.05 

23.2 

29.6 

23.4 

29.1 

23.0 

28.7 

2 ^ 3.8 

28.4 

24 

28.2 

24.1 

28 

24.2 

27.8 

.10 

83.1 

41.9 

88.5 

41.3 

88.8 

40.8 

84 

40.4 

84.8 

40.1 

84.4 

89.8 

84.6 

89.6 

.15 

41 

51.5 

41.5 

60.7 

4t.9 

50.2 

42.2 

49.7 

42.4 

49.8 

42.7 

49 

42.9 

48.7 

.20 

48 

69.6 

4S.5 

68.8 

48.9 

68.2 

49.3 

57.7 

49.6 

67.3 

49.8 

56.9 

50.1 

66.6 

.25 

54.3 

66.9 

54.9 

66 

55.4 

65.4 

55.8 

64.8 

56.1 

64.4 

56.4 

64.1 

56.6 

68.7 

.80 

6 t).8 

78.5 

60.9 

72.7 

61.5 

72 

61.9 

71.5 

62.2 

71 

62.6 

70.7 

62.8 

70.8 

.85 

66.1 

79.8 

66.7 

79 

67.8 

78.8 

67.8 

77.7 

68.1 

77.8 

68.5 

76.9 

68.8 

76.6 

.40 

71.7 

85.8 

72.4 

84.9 

73 

84.8 

78.5 

88.7 

78.9 

83.8 

74.2 

82.9 

74.5 

82.6 

.45 

77.2 

91.5 

78 

90.7 

78.6 

90.1 

79.1 

89.5 

79.6 

89.1 

79.9 

88.7 1 

80.2 

88.4 1 

.50 

82.8 

97.2 

83.6 

86.4 

84.3 

96.7 

84.8 

95.2 

85.2 

94.8 

85.6 

94.4 1 

85.9 

94.1 

.55 

as.5 

102.8 

89.3 

102 

89.9 

101.4 

90.5 

100.9 

90.9 

100.4 

91.8 

100.1 

91.6 

99 . 8 , 

.60 

94.2 

108.8 

95.1 

107.6 

95.7 

107 

96.8 

106.5 

96.7 

106.1 

97.1 

i 106.8 

97.4 1 

106.5 

.65 

100.2 

113.9 

101.1 

118.8 

101.7 

112.7 

102.8 

112.2 

102.7 

111.9 

108.1 

111 . 5 , 

, 108.4 

111.2 

.70 

106.5 

119.7 

107.8 

119.1 

las 

118.5 

108.5 

118.1 

109 

117.8 

109.8 

117.4 ' 

109.7 i 

11 T.2 

.75 

118.1 ! 

125.7 

114 

125.1 

114.6 

124.6 

115.2 

124.2 

115.6 

128.9 

115.9 

128.6 

116.8 

128.4 

.80 

120.4 

182 

121.2 

181.6 

121.8 

181.1 

122.3 

180.7 

122 7 

130.4 

128.1 

180.2 1 

, 128.4 1 

129.9 

.85 

12S.5 

139 

129.8 

189.6 

129.8 

188.1 

180.8 

187.8 

130.7 

187.6 

131 

187.8 

1 181.8 

187.1 

.90 

138.1 

146.9 

188.7 

146.5 

189.2 

146.2 

139.6 

146 

139.9 

145.7 

140.2 

145.6 

; 140.4 

145.4 

.95 

150.4 

156.8 

150.9 

156.6 

151.3 

156.4 

151.6 

156.2 

151.8 

156 

152 

156.9 

, 152.2 

155.8 

.96 

153.6 

159.8 

154 

159.1 

151.3 

159.9 

154.6 

158.7 

154.8 

158.6 

155 

158.5 

155.1 

158.4 

.97 

157.1 

162.1 

157.6 

161.9 

157.8 

161.8 

158 

161.6 

158.2 

161.6 

158.4 

161.4 

158.5 

161.8 

.98 

161.8 

165.4 

161.6 

155.3 

1G1.9 

166.1 

162.1 

165 

162.2 

164.9 

162.8 

164.9 

162.5 

164.8 

.99 

166.8 

169.7 

167 

, 109.6 

167.2 

169.5 

167.8 

169.4 

167.4 

1C9.4 

167.5 

169.8 

, 167.6 

169.8 

1.00 

180 

180 

180 

180 

ISO 

ISO 

180 

180 

180 

180 

180 

180 

180 

{ ISO 
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Stroke, 

For¬ 

ward 

Stroke. 

Return 
Strok*, i 

For¬ 

ward 

Stroke. 

Return 

Stroke. 

For¬ 

ward 

Stroke. 

Ratorn 

Stroke. 

For¬ 

ward 

Strok*. 

Raturn 

Strok*. 

For¬ 

ward 

Strok«L 

1 

RHun 

Strok*. 

For¬ 

ward 

Stroka. 

Raton 

Stioka. 

.01 

10.8 

12.3 

10.8 

12.8 

10.9 

12.2 

10.9 

12.2 

10.9 

12.1 

10.9 

12.1 

11.5 


.02 

15.8 

17.4 

15.8 

17.4 

15.4 

17.8 

15.4 

17.2 

15.6 

17.2 

15.5 

17.1 

16.8 


.03 

IS.8 

21.4 

18.8 

21.8 

18.9 

21.2 

18.9 

21.1 

19 

21 1 

; 19 

21 

19.9 

Ls 

.04 

21.7 

24.7 

21.8 

24.6 

21.9 

24.5 

21.9 

24.4 

22 

24.3 

22 

24.8 

28.1 

J-s 

.05 

24.3 

27.7 

24.4 

27.5 

24 6 

27.4 

24.6 

27.8 

24.6 

27.8 

i 24.7 

27.2 

25.8 


.10 

84.7 

39.4 

84.9 

89.2 

85 

89 

85.1 

88.9 

85.2 

88.8 

85.2 

88.7 

86.9 

3_, 

.15 

43 

48.5 

43.2 

48.3 

43.3 

48.1 

43.4 

48 

48.5 

47.9 

48.6 

47.7 

45.6 


.20 

50.2 

56.4 

60.4 

56.2 

50.6 

56 

60.7 

65.8 

50.8 

M.7 

50.9 

^ 5.6 

58.1 

§i 

.25 

56.8 

63.5 

67 

& i .8 

67.2 

Oil.l 

67.4 

62.9 

67.5 

62.7 

57.6 

62.6 

60 


.80 

63.1 

70.1 

68.3 

69.8 

6S.4 

69.0 

63.6 

69.4 

63.7 

69.8 

68.9 

69.1 

66.4 


.85 

69 

76.8 

69.2 

70.1 

69.4 

75.8 

69.6 

75.7 

69.7 

75.5 

69.9 

75.8 

72.6 

-a 

.40 

74.8 

82.8 

75 

82 

75.2 

81.8 

75.4 

81.6 

76.6 

81.6 

75.7 

81.8 

75.5 


.45 

80.6 

88.1 

80.7 

87.9 

80.9 

87.6 

81.1 

87.5 

81.3 

87.8 

81.4 

87.1 

84.8 


.50 

86.2 

93.8 

86.4 

93.6 

86.6 

93.4 

86.8 

98.2 

87 

98 

87.1 

99.9 

90 

0'S 

.55 

91.9 

99.5 

92.1 

99.8 

92.4 

99.1 

92.6 

98.9 

92.7 

98.7 

92.9 

98.6 

95.7 

11 

.60 

97.7 

105.2 

98 

105 

98.2 

104.8 

98.4 

104.6 

98.5 

104.4 

98.7 

m.s 

101.5 

.21 A 

.65 

103.7 

111 

103.9 

110.8 

104.2 

110.6 

104.8 

110.4 

104.5 

110.8 

! 104.7 

llO.l 

107.5 

• R 

C O 

.70 

109.9 

116.9 1 

110.2 

116.7 

110.4 

116.6 

110.6 

116.4 

110.7 

116.8 

110.9 

116.1 

1 118.6 


.75 

116.5 

123.2 

116.7 

123 

116.9 

122.8 

117.1 

122.6 

117.8 

122.5 

117.4 

122.4 

120 


.80 

123.6 

129.8 

123.8 

129.6 

124 

129.4 

124.2 

129.8 

124.8 

129.2 

124.5 

129.1 

1 126.9 

*• at 

.65 

181.5 

137 

181.7 

186.8 

181.9 

186.7 

132 

186.6 

182.1 

186.5 

182.8 

186.4 

184.4 

g| 

.90 

140.6 

146.3 

140.8 

145.1 

141 

145 

141.1 

144.9 

141.2 

144.8 

141.8 

141.6 

148.1 


.95 

152.8 

155.7 

162.5 

155.6 

152.6 

155.6 

152.7 ; 

155.4 

152.7 

155.4 

152.8 

155.8 , 

1 & I.2 

’ Ml 

.96 

155.3 

158.8 

155.4 

158.2 

155.5 

15S.1 

156.6 

158.1 

155.7 

158 

156.7 

16S 

1 156.9 


.97 

16S.6 

161,2 

158.7 

101.2 

15S.8 

161.1 

158.8 

161.1 

153.9 

161 

159 

161 1 

1 160.1 

' ?E 

.98 

162.6 

164.7 

162.6 

164.7 

162.7 

164.6 

162.8 

164.6 

162.8 

164.5 

162.9 

164.5 

1 168.7 

•gs 

.99 

167.7 

169.2 1 

167.7 

169.2 

167.8 

169.1 

167.8 

169.1 

167.9 

169.1 
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169.1 

16S.5 

1 

1.00 

ISO 

180 

ISO 

180 

180 

ISO 
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180 

180 

180 
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crank-angle at commencement of cushion will be 180” -f 56” — 180” — 6” = 60®; or the cushion will 
be excessive, and it can only be reduced by decreasing or increasing the exhaust-lead, which is 
equally objectionable if carried very far. In practice, where an early cut-off is required, separate 
steam- and exhaust-valves are employed, or the cut-off is effected by a second valve, actuated by an 
independent eccentric, sliding on the back of the main valve, this second eccentric having motioa 
coincident with that of the piston. R. H. B. 
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SLOTTING MACHINES. The slotting machine is a variety of planing machine, and is used for 
cutting slots or kejwajs in metal. Slotting machines with vertical cutting movement, says Mr. J. 
Richa^s in Workshop Manipulation,'* differ from planing machines in several respects. In slot¬ 
ting, the tools are in most cases held rigidly, and do not swing from a pivot as in planing machines. 
The tools are thus held for two reasons: because the force of gravity cannot be employed to hold 
them in position at starting, and because the thrust or strain of cutting falls parallel and not trans¬ 
versely to the tools as in planing. Another difference between slotting and planing is, that the cut¬ 
ting movement is performed by the tools and not by the motion of the material. The cutting strains 
are also different, falling at right angles to the face of the table, in the same direction as the 
force of gravity, and not parallel to the table as in planing and shaping machines. The feed-motion 
in slotting machines, because of the tools being held rigidly, has to operate differently from that of 
planing machines. The cross-feed of a planing machine may act during the return stroke, but in 

3949. 



slotting machines the feed-movement should take place at the end of the up stroke, or after the 
tools are clear of the material. So much of the stroke as is made during the feeding action is there¬ 
fore lost; and because of this, mechanism for operating the feed usually has a quick abrupt action, so 
as to save useless movement of the cutter-bar. 

In Figs. 3949 to 3954 is represented an improved slotting and paring machine constructed by W. 
B. Bement & Son of Philadelphia, Pa. 

The cutting-bar C\ Fig. 3949, receives motion from the crank D through a connecting-rod, the stroke 
being adjustable by the screw O. The pin to which the upper end of the connecting-rod is attached 
is enlarged within the cutting-bar, and tapped to receive a vertical screw which is actuated by the 
oblique shaft and bevel-gears Ff raising or lowering the cutting-bar in relation to the crank-shaft. The 
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parts thus adjusted are secured in place by tightening the nut E. The inner end of the same pin is 
extended to receive a piece to which is jointed the end of the counterbalance lever B, This lever 
has its fulcrum in the inverted pendulum «/, which vibrates on a pin at M inserted in the frame. 
The crank D has a long cylindrical hub, bored to receive the steel crank-shaft, and externally fitted 
into a suitable bearing in the frame, constituting in fact the crank-journal. This arrangement gives 
ample length for the suitable attachment of the crank to its shaft, with an extremely short distance 
between bearing and crank-pin. It also shortens that projecting part of the frame which guides the 
lower end of the cutting-bar, and gives it great lateral stiffness. The well-known “ Whitworth mo¬ 
tion ’’ is used to give the tool a more rapid motion during the up stroke than when cutting. A truly- 
turned cylindrical projection cast on the back of the bracket K furnishes a bearing, on which revolves 
the spur-wheel A, driven by the cone G and pinion H. A bearing for the crank-shaft is bored ec¬ 
centrically through this projection and the bracket on which it is cast. The pin, sliding block, and 
grooved crank are arranged in the manner common to motions of this class; the crank, however, 
being expanded into a light circular disk for neatness of appearance and convenience in finishing. 
The feeding movements are all actuated by the cam L through a rock-shaft and double-slotted arm 
P, in which the stud of the rod C is adjusted to regulate the quantity of feed as desired. The bevel- 
sector and pinion B give motion to the shaft R and slotted arm W, and, through the short rod, 
pawl, and ratchet-wheel, to the screw moving the table longitudinally. The stud may be moved to a 
central position in the arm W when it is not desired to use the longitudinal feed. A mitre-gear on 
the shaft P, through the shaft P, with arm and pawl, conveys a similar intermittent motion to the 
spur-wheel y, with which (I and V may be brought into connection by sliding on their respective 
shafts, actuating, in one case the transverse feed, and in the other the rotating or circular one. The 
form and position of the cam L are such as to cause the positive or forward movement of each of 
the pawls to take place while the pin of the crank D is passing its highest position, the return move¬ 
ment occurring while the tool is cutting. A slight excess in length of stroke over the actual length 
of cut allows the feed to be accomplished while the tool is above the work; and the use of one or 
the other end of the double-slotted arm P determines the direction in which the pawls w'ill be mov¬ 
ing at this point in the revolution. The clamps X X have lips which fit into the groove in the edge 
of the circular table, and serve to give it great steadiness. They are particularly useful when the 
work is so large as to overhang the table. The adjustment of the sliding surface of the table is 
effected by taper or wedge-shaped shoes, as at Z, These are carefully scraped to a uniform bearing 
from end to end, and the necessary adjustment is accurately made by a slight turn.of the screw. 

When a slotting-machine cutting tool has its cutting edge standing far down and out from the tool- 
clamp, the tool springs away from the work; and although this is to a certain extent unavoidable, in 
many cases it may be allowed for in setting the work upon the table by placing thicknesses of paper 
beneath the work. The result is that the cut will be parallel with the trued surface of the work, 
notwithstanding the spring of the tool. This spring, however, has a very damaging effect upon the 
tool, because the cutting edge presses against the work to the amount of the spring during the back 



stroke, and that edge therefore becomes more rapidly destroyed. To obviate this, the fixture or de¬ 
vice shown in Figs. 3950 and 3951 is furnished to the Bement machine. It is a substantial casting 
A bolted to the cutting-bar, and to this casting is secured a swivel by means of a dovetailed circular 
projection clamped to the slide. The apron is hinged upon a taper pin G^ and the tool is secured 
by a nut which is threaded on the outside of the tool-post. A spring C bolds the apron to its 
place, allowing it to swing slightly downward during the upward stroke. 
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In figs. 3962, 3953, and 3954 is shown an arrangement used for light work. The steel stock D 
is fitted to the cylindrical socket bored in the steel clamp E. A slot is cut through the entire length 
of one side of the latter, so that the pressure of the screws F will hold the stock securely in any 
position. A ** bit ” or tool, fitted in the lower end of the stock, is allowed to swing on a hardened 
taper steel pin sufficiently to relieve the friction during the upward stroke, and is brought into place 
again by a light spring. In irregular work, in which it is convenient to be able to present the point 
of the tool in various angular directions, the cylindrical form of stock is advantageous. Very gen¬ 
erally, however, a heavy square bar of steel is used, the bits being changed as required. In the tool 
shown in place in Fig. 3949, the bit is triangular in form, and has the advantage of projecting below 
the end of the stock. By these devices short and stiff tools may be used and much heavier cuts 
taken; the work will be more true and finished with a cleaner cut. 

SlotHng-Maehine Tools, —In many cases in slotting machines, long steel tools, such as shown in 
Figs. 8955 and 8966, are employed. The edge A is the cutting edge, the thickness at O being re¬ 
duced to make the sides of the tool well clear the sides of the cut. The face B receives the force 
necessary to bend the shaving or cutting, which force, acting at a right angle to that face, tends to 
force the tool deeper into the cut at the angle denoted by the dotted line and arrow E, Were B ground 
to the angle shown by the dotted line C, the force due to bending the shavings or cuttings would be in 
die direction of the line and arrow D, A comparison of D and E shows that an equal degree of 
tool-spring would have a greater effect in deepening the tool-cut in the case of D than in that of E; 
and it is consideration which determines the proper angle of the face B, It being obvious that 
the more angle it has the keener the cutting edge of the tool will be, and the greater the liability to 
force into the cut, and since the deepeV the cut the greater is the force required to bend the shavings, 
the tool continues to spring, digging into the work and either bending or breaking itself, or stopping 
the machine. Hence the face B should be made for slight tools, or for tools held far out from the 
tool-post, at about the angle shown. The face H should in all cases be made as shown, and not hol¬ 
lowed at all in the direction shown by the dotted line which would not only weaken the tool, 
but would cause the cutting edge to be badly supported by the metal behind it, and henee to break. 
These considerations as to the shape and angle of the feces B and U apply to all descriptions of 
slotting-machine cutting tools; and they are of more importance in the class of tools here shown 


8955 . 8956 . 



than in tools used in any other kind of machine, because of the great distance they have at times to 
stand out from the holding screws or clamps. 

A roughing-out tool, held in the tool-post without the aid of a bar, should be made as shown in 
Fig. 3957, concerning which nothing need be said save that it should be hardened right out if the 
cutting edge stands close to the holding screws or clamps of the tool-post, and tempered to a light 
straw if held far out from the same, which will, in the latter case, prevent it from breaking in 
consequence of any deepening of the cut from the tool springing. J. R. (in part). 

SOLAR ENGINE. See Engine, Solar. 

SOLDERING. The proce.ss of uniting the edges or surfaces Of similar or dissimilar metals and 
alloys by partial fusion. In general, alloys or solders of various and greater degrees of fusibility 
than the metals to be joined are placed between them, and the solder when fused unites the three 
parts into a solid mass; less frequently the surfaces or edges are simply melted together with an ad¬ 
ditional portion of the same metal, the solders are broadly distinguished as hard solders and soft 
solders. The former only fuse at red heat, and are consequently suitable alone to metals and alloys 
which will endure that temperature; the soft solders melt at very low degrees of heat, and may be 
used for nearly all the metals. To avoid continual repetition, references are made to the lists in the 
fuccceding table, in which some of the solders, fluxes, and modes of appljring heat are enumerated. 

Hard Soldering .—Applicable to nearly all metals less fusible than the solders; the modes of 
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treatment nearly similar throughout. The hard solders most commonly used are the spelter sol¬ 
ders and silrer solders. The general flux is borax; and the modes of heating are the nak^ fire, the 
furnace or muffle, and the blow-pipe. Fine gold, laminated and cut into shreds, is used as the solder for 
joining chemical vessels made of platinum. Silver is by many considered as much the best solder 
for German silver. Copper in shreds is sometimes similarly used for iron. Gold solders laminated 
are used for gold alloys. Spelter solders, granulated while hot, are used for iron, copper, brass, 
gtm-metal, German silver, etc. Silver solders laminated are employed for all silver works and for 
common gold work; also for German silver, gilding-metal, iron, steel, brass, gun-metal, etc., when 
greater neatness is required than is obtained with spelter solder. White or button solders gran¬ 
ulated are employed for the white alloys called button metals; they were introduced as cheap sub¬ 
stitutes for silver solder. 

8oft Soldering. —Applicable to nearly all the metals; the modes of treatment very different. The 
soft solder mostly us^ is 2 parts tin and 1 part lead; sometimes from motives of economy much 
more lead is employed, and tin to I lead is the most fusible of the group unless bismuth is used. 
The fluxes B to G, and the modes of heating a to i, in the table, are all used with the soft solders. 
The examples commence with the metals to be soldered. Thus in the list, zinc, 8 , C, /, implies that 
zinc is soldered with No. 8 alloy, by the aid of the muriate or chloride of zinc and the copper-bit 
Lead, 4 to 8 , F, d, c, implies that lead is soldered with alloys varying from No. 4 to 8 , and that it is 
fluxed with tallow, the heat being applied by pouring on melted solder, and the subsequent use of 
the heated iron not tinned; but in general one only of th^ modes of heating is selected, according to 
circumstances. 

Iron, oast iron, and steel, 8 , B, D, if thick, heated by a, (, or c, and also by g. 

Tinned iron, 8 , C, D, f. 

Silver and gold are soldered with pure tin or else with 8 , £, a, g^ or h. 

Copper and many of its alloys, namely, brass, gilding-metal, gun-metal, etc., 8 , B, C, D; when thick, 
heated by a, 6 , c, <?, or y, and when thin by / or g. 

Speculum-metal, 8 , B, C, D. The heat should be most cautiously applied; the Mnd-bath is perhaps 
the best mode. 

Zinc, 8 , C, /. 

Lead and lead pipes, or ordinary plumbers' work, 4 to 8 , F, <f, or e. 

Lead and tin pipes, 8 , D and G mixed, and also /. 

Britannia metal, 8 , C, D, g. 

Pewters: the solders must vary in fusibility according to the fusibility of the metal; generally 6 
and i are used, sometimes also G and or /. 

Tinning the metals, and washing them with lead, zinc, etc. 

Soldering per w, or Burning Together. —^Applicable to some few of the metals only, and which in 
general require no flux. Iron, brass, etc., are sometimes burned, or united by partial fusion, by pour¬ 
ing very hot metal over or around them, d. Lead is united without solder, by pouring on red-hot 
le^ and employing a red-hot iron, d, e, and also by the autogenous process. 


Alloys and their Melting Heats. Fluxes. 


No. 1 . 1 tin. 

25 lead.. 


668 ° F. 

A. Borax. 

2 . 1 


10 

ii 


. 541 

B. Sal-ammoniac, or muriate of ammonia. 

8 . 1 

ii 

5 

it 


. 511 

C. Muriate or chloride of zinc. 

4. 1 

it 

8 

it 


. 482 

D. Common rosin. 

6 . 1 

(i 

2 

tk 


. 441 

E. Venice turpentine. 

6 . 1 

it 

1 

it 


. 370 

F. Tallow. 

7. U“ 

1 

it 


. 384 

G. Gallipoli oil, a common sweet oil 

8 . 2 

it 

1 

it 


840 


9. 3 

ti 

1 

it _ 


. 856 

Modes of Applying HeaL 

10. 4 

it 

1 

it 


. 865 

a. Naked fire. 

11 . 6 

it 

1 

. 


. 378 

h. Hollow furnace or muffle. 

12 . 6 

it 

1 

it 


. 381 

c. Immersion in melted solder. 

18. 4 

lead 

1,4 

tin, 1 bismuth... 

. 320 

d. Melted solder or metal poured on. 

14. 8 

it 

3 

“ 1 

it 

. 810 

e. Heated iron not tinned. 

15. 2 

it 

2 

“ 1 

it 

. 292 

f. Heated copper tool, tinned. 

16. 1 

it 

1 

“ 1 

it 

. 254 

g. Blow-pipe flame. 

17. 2 

it 

1 

“ 2 

it 

. 286 

k. Flame alone, generally alcohol. 

18. 3 

it 

6 

« 8 

it 

. 202 

t. Stream of heated air. 


The Modes of applying Heat in Soldering. —The modes of heating works for soldering are ex¬ 
tremely varied, and depend jointly upon the magnitude of the objects, the general or locd manner 
in which they are to be soldered, and the fusibility of the solders. 

In hard-soldered works, the fires bear a general resemblance to those employed in forging iron and 
steel; in fact, the blacksmith's forge is frequently used for brazing, although the process is injurious 
to the fuel as regards its ordinary use. Coppersmiths, silversmiths, and others use a similar hearth, 
but which stands farther away from the upright wall, so as to allow of the central parts of large ob¬ 
jects being soldered. The bellows is always worked by the foot, either by a tres^e, or more com¬ 
monly by a chain from the rocking-staff terminating in a stirrup. The brazier's hearth for large and 
long works is a flat plate of iron, about 4x3 ft., which stands in the middle of the shop upon four 
legs. The surface of the plate serves for the support of long tubes, and works over the centnl aper¬ 
ture in the plate which contains the fuel, and measures about 2 x 1 ft. and 6 or 6 in. deep. The 
revolving fan is commonly used for the blak, and the tuyere irons, which have larger apertures than 
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usual, are fitted loosely into grooves at the ends, to admit of easy renewal, as they are destroyed 
rather quickly. The fire is sometimes used of the full length of the hearth, but is more gener^ly 
contracted by a loose iron plate; occasionally two separate fires are made, or the two blast-pipes are 
used upon one. The hood is suspended from the ceiling, with counterpoise weights, so as to be 
raised or depressed according to the magnitude of the works; and it has large sliding tubes for con¬ 
ducting the smoke to the chimney. 

There are many purposes in the arts which require the application of heat having the intensity of 
the forge-fire or of the furnace, but with the power of observation, guidance, and definition of the 
artist’s pencil. These conditions are most efficiently obtained by the blow-pipe, an instrument by 
which a stream of air is driven forcibly through a flame, so as to direct it either as a well-defined 
cone, or as a broad jet of flame, against the object to be heated, which is in many cases supported 
upon charcoal, by way of concentrating the heat. Most of the blow-pipes are supplied with common 
air, and generally by the respiratory organs of the operator; sometimes by bellows moved with the 
foot, by vessels in which the air is condensed by a syringe, or by pneumatic apparatus with water- 
pressure. In some few cases oxygen or hydrogen, or the same gases when mixed, are employed. 
The ordinary blow-pipe is a light conical brass tube, about 10 or 12 in. long, from one-half to one- 
fourth of an inch in diameter at the end for the mouth, and from one-sixteenth to one-fiftieth at the 
aperture or jet. The end is bent as a quadrant, that the flame may be immediately under observa¬ 
tion. The most intense heat of the common blow-pipe is that of the pointed flame; with a thick wax 
candle, and a blow-pipe with a small aperture plac^ slightly within the flame, the mineralogist suc¬ 
ceeds in melting small fragments of all the metals, when they are supported upon charcoal and 
exposed to the extreme point of the inner or blue cone, which is the hottest part of the flame ; that 
is, fragments of all metals which do not require the oxyhydrogen blow-pipe. The first, or the silent 
pointed flame, is used by the chemist and mineralogist for reducing the metallic oxides to the metal¬ 
lic state, and is called the deoxidiang flame; the second, or the noisy, brush-like flame, is less intense, 
and is called the oxidiang flame. 

The following method is much employed by the cheap jewelry manufacturers at Birmingham. A 
stream of air from a pair of bellows directs a gas-flame through a trough or shoot, the third of a 
cylindrical tube placed at a small angle below the flame. Instead of a charcoal support, they employ 
a wooden handle, upon which is flxed a flat disk of sheet iron, about 8 or 4 in. diameter, covered 
with a matting of waste fragments of binding wire, entangled together and beaten into a sheet about 
three^ighths or half an inch thick; some few of the larger pieces of wire extend round the edge of 
the disk to attach the remainder. The work to be soldered is placed upon the wire, which becomes 
partially red-hot from the flame, and retains the heat somewhat as the charcoal, but without the in¬ 
convenience of burning away, so that the broad level surface is always maintained. Small cinders 
are frequently placed upon the tool, either instead of or upon the wire. Sometimes the gas-pipe is 
surmounted by a square hood, open at both ends, and two blast-pipes are directed through it. The 
latter arrangement is used by the makers of glass toys and seals; these are pinched in moulds some¬ 
thing like bullet-moulds; the devices on the seals are produced by inserting in the moulds dried 
casts, made in plaster of Paris. 

The general form of the ** workshop blow-pipe is that of a tube open at one end, and supported 
on tnu^ons in a wooden pedestal, so that it may be pointed vertically, 'horizontally, or at any 
angle as desired. Common street gas is supplied through the one hollow trunnion, and it escapes 
through an annular opening; while oxygen gas, or more usually common air, is admitted through 
the other trunnion, which is also hollow, and is discharged in the centre of the hydrogen through a 
central conical tu^; the magnitude and intensity of the flame being determined by the relative 
quantities of gas and air, and by the greater or less protrusion of the inner cone, by which the an¬ 
nular space for the hydrogen is contracted in any required degree. 

The works in copper, iron, brass, etc., having been prepared for hranng (or soldering with a fusi¬ 
ble brass), and the joints secured in position by binding-wire where needful, the granulated spelter 
and pounded borax are mixed in a cup with a very little water, and spread along the joint by a slip 
of sheet metal or a small spoon. The work, if sufficiently large, is now placed above the clear fire, 
first at a small distance so as gradually to evaporate the moisture, and likewise to drive off the water 
of crystallization of the borax; during this process the latter boils up with the appearance of froth 
or snow, and if hastily heated it sometimes displaces the solder. The heat is now increased, and 
when the metal becomes faintly red, the borax fuses quietly like glass; shortly after, that is at a 
bright red, the solder also fuses, the indication of which is a small blue flame from the ignition of 
the zinc, and is absorbed in the joint. It is of course necessary to apply the heat as uniformly as 
possible by moving the work about so as to avoid melting the object as well as the solder. The work 
is withdrawn from the fire as soon as the solder has flushed ; and when the latter is set, the work 
may be cooled in water without mischief. Tubes are generally secured by loops of binding-wire 
twisted together with the pliers; and those soldered upon the open fire are almost always soldered 
from within, as otherwise the heat would have to be transmitted across the tube with greater risk of 
melting the work, air being a bad conductor of heat; it is necessary to look through the tube to 
watch for the melting of the solder. Long tubes are rested upon the flat plate of the brazier’s 
hearth, and portions equal to the extent of the fire are soldered in succession. The common tubes 
for gas-works, bedsteads, and numerous other purposes, are soldered from the outside ; but this is 
done in short fumaoes*open at both ends and level with the floor, by which the heat is applied more 
uniformly around the tubes. 

Works in iron require much less precaution in point of the heat, as there is little or no risk of 
fusion. Thus in soldering the spiral wires to form the internal screw within the boxes of ordinary 
tail-vises, the work is coa^ with loam, and strips of sheet brass are used as solder; the fire is urged 
until the blue flame appears at the end of the tube, when the fusion is complete; the work is with- 
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drawn from the fire and rolled backward and forward on the ground to distribute the solder equally 
at every part.. Other common works in iron, such as locks, are in like manner covered with loam to 
prevent the iron from scaling oflP. Sheet iron may be soldered by filings of soft cast iron, applied in 
the usual way of soldering with borax, which has been gradually dried in a crucible and powdered, 
and a solution of sal-ammoniac. 

The finer works in iron and steel, those in the light<x>lored metals generally, and also the works in 
brass which are required to be very neatly done, are soldered with silver solder. The practice of 
silver-soldering is essentially the same as brazing. The joint is first moistened with borax and water; 
the solder (which is generally laminated and cut into little squares with the shears) is then placed on 
the joints with forceps. 

In soldering gold and silver, the borax is rubbed with water upon a slate to the consistence of 
cream, and is laid upon the work with a camelVhair pencil, and the solders, although generally 
laminated, are also drawn into wire or filed into duet; but, it will be remembered, the more minute 
the particles of the granulated metals the greater is the degree of heat required in fusing them. 

Examples of Soft Soldering, —In this section the employment of the less fusible of the soft solders 
will be first notic^. The plumbers^ sealed solder, 2 parts lead and 1 part tin, melts at about iiO'’ F.; 
the usual or fine tin-solder, 2 parts tin and 1 part lead, melts at 840°; and the bismuth-solders at from 
260° to 270°, The modes of applying the heat consequently differ very much, as will be shown. 

Lead works are first smeared or soiled around the intend^ joints with a mixture of size and lamp¬ 
black, called sof7, to prevent the adhesion of the melted solder. Next the parts intended to receive 
the solder arc shaved quite clean with the shave-hook (a triangular disk of steel riveted on a wire 
stem), and the clean metal is then rubbed over with tallow. Some joints are wiped^ without the em¬ 
ployment of the soldering iron ; that is, the solder is heated rather beyond its melting-point, and 
poured somewhat plentifully upon the joint to heat it. The solder is then smoothed with the doth, 
or several folds of thick bed-tick well greased, with which the superfiuous solder is finally removed. 
Other lead joints are striped^ or left in ridges, from the bulbous end of the plumberis crooked 
soldering-iron, which is heated nearly to redness, and not tinned. The iron and doth are jointly 
used at the commencement for moulding the solder and heating the joint. In this case less solder 
is poured on, and a smaller quantity remains upon the work; and although the striped joints are less 
neat in appearance, they are by many considered sounder from the solder having been left undis¬ 
turbed in the act of cooling. The vertical joints, and those for pipes, whether finished with the 
cloth or iron, require the cloth to support the fluid solder when it is poured on the lead. Slight 
works in lead, such as lattices, requiripg more neatness than ordinary plumbing, are soldered with 
the eopper-bU or copper-bolt —a piece of copper weighing from 3 or 4 ounces to as many pounds, 
riveted into an iron shank and fitted with a wooden handle. All the works in tinned iron, sheet zinc, 
and many of those in copper and other thin metals, are soldered with this tool, which in general suf¬ 
fices to convey ail the heat required to melt the more fusible solders now employed. If the copper- 
bit have not been previously tinned, it is heated in a small charcoal stove or otherwise to a dull red, 
and hastily filed to a clean metallic surface; it is then rubbed immediately, first upon a lump of sal- 
ammoniac, and next upon a copper or tin plate, upon which a few drops of solder have beea placed; 
this will completely coat the tool; it is then wiped clean with a piece*of tow, and is ready for use. 

In soldering coarse works, when their edges are brought together they are slightly strewed with 
powdered rosin, or it is spread on the work with a small spoon; the copper-bit is held in the right 
hand, the cake of solder in the left, and a few drops of the latter are melted along the joint at short 
intervals. The iron is then used to heat the edges of the metal, both to fuse and to ^stribute the 
solder along the joint, so as entirely to fill up the interval between the two parts. Only a short por¬ 
tion of the joint, rarely exceeding 6 or 8 inches, is done at once. Sometime the parts are held in 
contact with a broad chisel-formed tool, or a hatchet stake, while the solder is melt^ and cooled, or 
a few distant parts are first tacked together or united by a drop of solder; but mostly the hands 
alone suffice without the tacking. Two soldering tools are generally used, so that while the one is in 
the hand the other may be reheating in the stove. The temperature of the bit is very important; If 
it be not hot enough to raise the edges of the metal to the melting heat of the solder, it must be re¬ 
turned to the fire. Unless by mismanagement it is made too hot and the coating is burned off, the 
process of tinning the bit need not be repeated; it is simply wiped on tow on removal from the fire. 
If the tool be overheated, it will make the solder unnecessarily fluid, and entirely prevent the main 
purpose of the copper-bit, which is intended to act both as a beating tool and as a brush, first to 
pick up a small quantity or drop from the cake of solder which is fixed upright in a tray, and then 
to distribute it along the edge of the joint. 

Copper works are more commonly fluxed with powdered sal-ammoniac, and so likewise sheet iron, 
although some mix powdered rosin and sal-ammoniac. Others moisten the edges of the work with a 
saturated solution of sal-ammoniac, using a piece of cane, the end of which is split into filaments to 
make a stubby brush, and they subsequently apply rosin. Each method has its advocates, but so long 
as the metals are well defended from oxidation any mode will suffice, and in general management 
the processes are the same. 

Zinc is more difficult to solder than the other metals, and the joints are not generally so neatly 
executed. The zinc seems to remove the coating of tin from the copper soldering tool; this probably 
arises from the superior affinity of copper for zinc than for tin. The flux sometimes used for zinc 
is sal-ammoniac, but the muriate of zinc, made by dissolving fragments of zinc hi muriatic acid diluted 
with about an equal quantity of water, is much superior; and the muriate of zinc serves admirably 
likewise for all the other metals, without such strict necessity for clean surfaces as when the other 
fluxes are used. 

Small works are sometimes united by cleaning the respective surfaces, moistening, them with sal- 
ammoniac water, or applying the dry powder or rosin, then placing between the pieces a slip of tin 
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foil previously cleaned with emery-paper, and pinching the whole between a pair of heated tongs to 
melt the foil; or other similar modifications combining heat and pressure are used. 

Tinning.—Iron, copper, and alloys of the latter metal, are frequently coated with tin, and occasion¬ 
ally with lead and zinc, to present sui'faces less subject to oxidation. Gilding and silvering are partly 
adopted from similar motives. 

Copper and brass vessels are first pickled with sulphuric acid, mostly diluted with about three 
times its bulk of water; they are then scrubbed with sand and water, washed clean, and dried; they 
are next sprinkled with dry sal-ammoniac in powder, and heated slightly over the fire; then a small 
quantity of melted block tin is thrown in, the vessel is swung and twisted about to apply the tin on all 
sides, and when it has well adhered the portion in excess is returned to the ladle, and the object is 
cooled in water. When cleverly performed, very little tin is taken up, and the surface looks almost as 
bright as silver. Some objects require to dipped into a ladleful of tin. 

The proportions of nickel and iron mixed with the tin in order to produce the best tinning are 10 
oz. of the best nickel and 7 oz. of sheet iron to 10 lbs. of tin. These metals are mixed in a crucible; 
and to prevent the oxidation of the tin by the high temperature necessary for the fusion of the nickel, 
the metals are covered with 1 oz. of borax and 3 oz. of pounded glass. The fusion is completed in 
about half an hour, when the composition is nm off through a hole made in the flux. In tinning 
metals with this composition, the workman proceeds in the ordinary manner. 

There is also another method, that of cold tinninff^ by aid of the amalgam of mercury; but this 
process, when applied to utensils employed for preparing or receiving food, appears questionable both 
as regards effectiveness and wbolesoraeness, and the activity of the muriatic acid must not be forgotten; 
it should be therefore washed carefully off with water. The tin adheres, however, sufficiently well 
to allow ether pieces of metal to be afterward attached by the ordinary copper soldering bit. 

Soldering per or Burning Together. —This principally differs from ordinary soldering, in the 
circumstance that the uniting or intermediate metal is the same as those to be joined, and that in 
general no fluxes are employ^ 

Pewter is sometimes burned together at the external angles of works, simply that no difference of 
color may exist; the one edge is allowed to stand a little above the other, a strip of the same pewter 
is laid in the angle, and the whole are melted together, with a large copper-bit heated almost to red¬ 
ness ; the superfluous metal is then filed off, leaving a well-defined angle without any visible joint. 

Brass is likewise burned together. For instance, the rims of the large mural circles for observa¬ 
tories, that are 5, 6, or 7 ft. diameter, are sometimes cast in six or more segments, and attached 
by burning. The ends of the segments are filed clean, two pieces are fixed vertically in a sand-mould 
in their relative positions, a shallow space is left around the joint, and the entire charge of a crucible, 
say 30 or 40 lbs. of the melted brass, a little hotter than usual, is then poured on the joint to heat it 
to the melting-point. The metal overflows the shallow chamber or hole, and runs into a pit prepared 
for it in the sand; but the last quantity of metal that remains solidifies with the ends of the segments, 
and forms a joint almost or quite as perfect as the general substance of the metal. The process is 
repeated for every joint of the circle. 

The compensation-balance of the chronometer and superior watches is an interesting example of 
natural soldering. The balance is a small fly-wheel made of one piece of steel, covered with a hoop 
of brass. The rim, consisting of the two metals, is divided at the two extremities of the one diamet¬ 
rical arm of the balance, so that the increase of temperature which weakens the balance-spring con¬ 
tracts in a proportionate degree the diameter of the balance, leaving the spring less resistance to 
overcome. This occurs from the brass expanding much more by heat than steel, and it therefore 
curls the semicircular arc inward, an action that will be immediately understood if we conceive the 
compound bar of brass and steel to be straight, as the heat would render the brass side longer and 
convex, and in the balance it renders it more curved. In the compensation-balance, the two metals 
are thus united: The disk of steel, when turned and pierced with a central hole, is fixed by a little 
screw-bolt and nut at the bottom of a small crucible, with a central elevation smaller than the disk; 
the brass is now melted and the whole allowed to cool. The crucible is broken, the excess of brass 
is turned off in the lathe, the arms are made with the file as usual, the rim is tapped to receive the 
compensation screws or weights, and lastly the hoop is divided in two places at opposite ends of its 
diametrical arm. A little black lead is generally introduced between the steel and the crucible; and 
other but lees exact modes of combining the metals arc also employed. 

Cast iron is likewise united by burning, as will be explained by the following example: To add a 
flange to an iron pipe, a sand-mould is made from a wood model of the required pipe, but the gusset 
or chamfered band between the flange and tube is made rather fuller than usual, to afford a little 
extra base for the flange. The mould is furnished with an ingate, entering exactly on the horizontal 
parting of the mould, at the edge of the flange, and with a waste-head or runner proceeding upward 
from the top of the flange, and leading over the edge of the flask to a hollow or pit sunk in the sand 
of the floor. The end of the pipe is filed quite clean at the place of junction, and a shallow nick is 
filed at the inner edge to assist in keying on the flange. Lastly, the pipe is plugged with sand and 
laid in the mould. After the mould is closed, about six or eight times as much hot metal as the 
flange requires is poured through the mould; this heats the pipe to the temperature of the fluid iron, 
so that on cooling the flange is attached sufficiently firm to bear the ordinary pressure of screw-bolts, 
steam, etc. 

The method of burning is occasionally employed in most of the metals and alloys, in making small 
additions to old castings, and also in repairing trifling holes and defects in new ones. It is only suc¬ 
cessful, however, when the pieces are filed quite clean, and abundance of fluid metal is employed, in 
order to impart sufficient heat to make a natural soldering. This process is also employed in plating 
copper with silver, although differently accomplished, as the two metals are raised to a heat just short 
of the melting-point of the silver, and the metals then unite without solder by partial alloying. 

110 
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SOWING MACHINE. See Agricultural Machinxrt. 

SPECIFIC GRAVIXy. See Grayitt, Specihc. 

SPINDLES. See Cotton-spinning Machinery, and Millstones. 

SPINNING MACHINERY. See Cotton-spinning Machinery, Flax, Machinery for Prepari- 
TioN OF, etc., and Silk-spinning Machinery. 

SPINNING METAL. The term spinning is dven to a process for altering the shape of malleable 
metals, by causing sheet metal to conform or now into hemispherical, oval, or irregular forms by 




motion and pressure. The operation is considered more advantageous than stamping, because it acts 
more kindly on the metal. It is the result of gentle pressure combined with rapid motion, and 
involves a great principle—the effect due to motion in connection with time. The chief feature in til 
such changing of form is the giving of suffident time for the particles to move or flow. To press the 
flow too rapidly would cause the sheet to tear from rupture of particles. This tendency to tear is 
defeated by communicating a very rapid circular motion to the sheet of metal, and then, by means of 
an instrument held in the hand, a gentle pressure is caused to bear on one point, thus produdng a sH^t 

depression; but as the sheet is spin¬ 
ning at high velodty, the depression 
at once forms a drde, and so, by 
continuing the pressure of the in¬ 
strument, it is moulded into any 
form accordingly. 

The operation of spinning, as rep¬ 
resented in Fig. 3958, is perform^ 
in a species of lathe. A mould of 
the required form is fixed on the 
face-plate of the revolving spindle; 
the sheet or disk of metal is held 
by pressure from another head-stock 
against the mould, and by the local 
pressure of the instrument is thus 
adroitly formed to the shape of the 
latter. Instead of a solid mould, in 
forming the bowls of teapots and 
other hollow ware, sectional chucks 
of metal, represented in Ftp. 3959, 
are used. Over these the entire body 
of a teapot or cup may be moulded. 
One core of the chuck being removed, the remainder can be taken out in sections. 

Fig. 3900 represents a powder-case during different stages of spinning. A is the completed static^ 
ary portion, which has reached • its present peculiar shape after passing through five stages. It i# 
first cut into the flat disk B; then the disk is spun as far as C ; it now requires to be annealed, and 
after this it is turned into the third condition; it is then spun into the fourth stage Z>, and from that 
to the finished article A. The lid, which fits into A^ is composed of two separate pieces, both made 
by spinning from disks, and both pieces when completed are united by spianing over a lap of one 
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upon the other. The disk E is brought to the form and then to that shown in O. Disk H is 
spun into the form /. The forms I and H combined prcduce the finished lid J, 

The French, who were the orisrinators of the 


process, employ it with great dexterity in a va¬ 
riety of ways, more especially in the production 
of such articles as lai^ ovcd dish-covers. The 
sheet is secured to the centre of an oval chuck, 
and by a dexterous use of two pieces of greased 
boxwood, held in both hands, the workman very 
cleverly prevents the sheet from puckering as 
he spins it into an oval, and finally turns over 
the outer edge into a border, thus giving it rigid¬ 
ity as well as neat finish. 

See “Lecture on Metal-Spinning,“ by John 
Anderson, C. E., in the Scieniijie American^ xx!., 
870 l Metal-spinning as applied to silver-ware 
is described in the Seieni^ American^ xxxvi., 
287, and to plated ware in AppUUmt^ Journal^ 
December, 1878. 



SPIRIT-LEVEL. A frame of metal or wood, the upper and lower faces of which are straight and 
parallel one with the other, into the body of the stock of which is inserted a small glass tube contain¬ 
ing alcohol. The spirit docs not entirely fill the tube, and hence, when the tube is hermetically sealed, 

there will be shown there¬ 
in a small air-bubble. The 
tube is set so that when 
the true faces stand exact¬ 
ly horizontal, the bubble 
will appear in the middle 
of the length of the tube. 
When the true face of the 
implement is placed against 
the work, the position of 
the bubble denotes the horizontal position of the work. In the spirit-level shown in Fig. 8961 two 
glass tubes are inserted, at A and B, These are placed relatively at right angles to one another, and 
serve for both vertical and horizontal verification. Spirit-levels are also constructed with a rotating 
spirit-tube, the amount of rotation of which is measured on a graduated scale, so that the level is 
thus converted into an inclinometer. 

SPOOLING MACHINE. See Cotton-spinnino Machinery. 

SQUARE. An instrument composed of two arms, one of metal and the other of wood, or both of 
metal, disposed at an exact right angle. Its object is 
to determine the adjustment of pieces at 90®, or to lay 
off work. Fig. 3962 represents a machinists square 
of proper proportions. The metal portion or blade E 
should be of saw-plate. The back A is made in halves 
as indicated by the dotted line, one portion having a 
recess as shown to receive the blade. The parts are 
secured by rivets. 

SQUE^ER. See Iron-working Machinery—Pud¬ 
dling. 

STAIR-BUILDING. See Carpentry. 

STAMPS, ORE. The ore-stamp is the simplest and 
most effective machine for crushing ores to powder. Breakers and rolls (see Breaker or Crusher) 
act by direct slow pressure, while stamps in falling acquire momentum and strike quick sharp blows 
upon the mass to be broken. The whole stamp is composed of the following parts: the stem, the 
tappet, the stamp-head or socket, and the shoe. The mass of hardened iron on which the stamp- 
hc^ falls is called the die, and this is placed in a cast-iron box called the mortar. 

The arrangements of the various parts of a stamp-battery will be understood from Fig. 3968, which 
represents Stanford's patent self-feeder, manufactured by Messrs. Prescott, Scott & Co. of San Fran¬ 
cisco. A is the stamp-stem, on which is keyed a feeding-tappet B, This tappet is so set on the stem, 
that when the rock on the die has been reduced to a certain depth, it shall in falling with the stamp 
strike on one end of the lever C. This lever is hung from the girt A, and is forked so that it spans 
the stamp-stem. The rod E passes up through a hole in the outside end of the lever, and has a 
collar bearing against the lever to support it. The height of this collar is regulated by a screw and 
check-nuts F on the lower end of the rod E, A rod i>, with a hook at each end, engages a notch in 
the lever C, and also hooks into the bail of the shoe Q of the hopper-car H, The shoe is hinged at 
L. The hopper-car is lined with sheet iron, and has four wheels, so that when the battery is to be 
operated without the self-feeder, it can be nm out of the way. TTie operation of the apparatus is 
as follows: The feeding-tappet B having been clamped on the stem, and the lever having been reg¬ 
ulated to its proper position for the distances apart at which the shoe and die are to work by reason 
of the intervening material, the hopper-car is filled with rock. The mortar is first fed by hand, 
BO as to make a bed under the stamps. As soon as the rock under the middle stamp, to which the 
fee^g-tappet is attached, decreases in depth below the fixed limit, the feeding-tappet in its descent 
strikes against the lever C, and through the rod D jars tho shoe G, causing it to throw a quantity 
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of rock into the mortar. This continues until the rock has become so thick under the stamp that the 
feeding-tappet does not touch the lever. Feeding is then stopped, to begin again when the rock has 
been crushed from under the stamp. The feed is adjusted to the wear of the shoes and dies by the 
screw and by moving the feeding-tappet B on the stem. 

Mortars. —In the old-fashioned batteries the mortar or coffer in which the stamps act is made of 
plank, bolted to a timber frame, lined with sheet iron, and fitted with a cast-iron bed or shallow 



trough at the bottom, which serves as the die or anvil. But in working gold ores it becomes of the 
first importance to prevent all leakage in the batteries, especially where quicksilver is used. With 
wooden mortars this is next to impossible, especially if they are allowed to become dry; and bcsidea, 
it is difficult to construct them in the best form. Cast-iron mortars fulfill all required conditkms, 
and these are therefore in general use. They are constructed so as to be adapt^ to the peculiar 
conditions of their employment. The mortar for dry crushing is suitable either for gold or for rilver 
ore, while for wet crushing the gold differs from that used for silver. When machinery Is to be 
transported to localities which are inaccessible to wagons, mortars are made in sections and fastened 
toother permanently after being put in place. 

Figs. 8964 and 3966 represent the dry mortar in solid and in sectional form. The die is set as 
high as in the wet mortar for gold. The screens at A are more inclined from the perpendicular thim 
those of wet mortars, and there is a double discharge. The width of the bottom upon which the die 
is set is about 11 in. for a die of 8 in. diameter, while the outside length is about 62 in. 

In the sectional mortar, Hg. 8966, the upper part is made of boiler-plate, fastened at the oomers 
by angle-iron. The bed is of cast iron in sections cut transversely. A bar of wrought iron is fitted 
into a groove planed in the bottom, with rivets bolding it securely to the sections. This prevents 
any sideway working of the sections, which are firmly bolted together. 

Wet-crushing mortars for gold and silver respectively are represented in Figs. 8966 and 8967. The 
mortar for gold, together with its screen doors, is lined with copper. The discharge is above the 
lining. The general shape of the silver mortar for wet crushing is almost identically that of the 
gold mortar. The die, however, is set lower, while the screens, for which openings are made on each 
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side, are brought nearer to the middle line of the stamp, and have their whole surface available for 
discharge. 

Cams, which lift the stem by means of the tappet, are made, as is shown in Figs. 8968 and 8969, 
either with one or two arms. The single-armed cam will permit greater speed of stamp than the 
double-armed cam. It will work up as high as 110 drops per minute. The great majority of 
mills use double-armed cams, in order to avoid friction of the cam-shaft, since they give two drops of 

the stem to every revolution of the 
8966. 8907. shaft. The proper curve of the cam 

is a modified involute of a circle, the 
radius of which is equal to the hori¬ 
zontal distance between the centre of 
the cam-shaft and the centre of the 
stamp-stem. The modification of this 





8970. 


curve consists in giving a sharper 
curvature than the involute near the 
end. This form of cam takes the 
weight of the stamp at the least prac¬ 
ticable distance from the centre of 
the cam-shaft, where the lifting mo¬ 
tion is slow and the concussion com¬ 
paratively slight, and leaves it in such a way, on accoimt of the quickened curve, as that the point 
of the cam shall not tear along the face of the tappet from a line through its centre to its outer 
edge or point of delivery. The outer end is shaped to conform to the edge of the tappet As the 
curve of the cam is determined by the distance between the centres of the cam-shaft and the stem 
in the erection of the machinery, this distance should be strictly adhered to in order to insure the 
satisfactory working of the cam. 

The Tappet, or lAfier, as it is sometimes called, is secured upon the upper part of the stem, and 
forms a projection 2^ in. wide, under which the cam catches and lifts the stamp. Ilg. 8970 is a ver¬ 
tical section of the tappet It is made of cast iron, and weighs from 60 to 70 lbs. It is alike at 
both ends, so that when one face becomes worn it can be reversed upon the stem. For¬ 
merly the tappets were attached to the stems by means of screw-threads cut upon the 
latter, the tappet being screwed down as a nut upon a bolt; afterward key-seats were 
cut to receive the transverse key; but these methods have been superseded by a much 
more simple and convenient device of a wrought-iron gib, set up against the stem by 
keys, which has given the name of ** gib-tappet ** to the improved form. The tappet is 
cast with a rectangular recess in one side of the hole, for the stem. Into this recess a gib is placed. 
This is a rectangular block of wrought iron, flat on one side but hollowed on the other, so as to fit 
the curvature of the stem. Two transverse slots or openings at the back of the recess are provided 
for k^ or wedges, by which the gib is wedged powerfully against the stem, so that the tappet is 
firmly secui^ at any desired angle. Thus no key-seat or change of the form of the stem 
is required, and the tappet can at any time be removed without difficulty merely by driving 
out the keys. 

The Stamp-Head or Socket, shown in Fig. 8971, is cylindrical and made of the toughest 
cast iron, sometimes strengthened with wrought-iron bands at the top and bottom, shrunk 
in while hot. It is cast with two conical openings or sockets, one in each end, the upper 
Q ■iJ one being for the reception of the tapered end of the stem, and the lower and larger open¬ 
ing for the shank of the shoe. Transverse rectangular openings, or keyways, are made 
through the socket at the bottom of each end opening. These are for the purpose of driving 
out the shoe, or of detaching the socket from the stem, by inserting steel keys os wedges, which 
bear against the end of the stem or of the shoe, and when driven in separate the one from the other. 
With proper care, the socket wears four years, and after being once attached to the stem need not 
be remov^ ; but the shoe wears out in a few weeks. 

Shoee and Dies .—^The form of the shoe is shown in Fig. 8972, and the die In Fig. 8978. Both are 
cylindrical, and are cast of the hardest and toughest white iron. The shoe is usu^ly 8 in. in diam¬ 
eter and 6 in. in height from the face to the shank. The die corresponds in diameter at the face, 
but is often made vdth a broader face than the shoe; its base is either a rec¬ 
tangular flange with its comers taken off, or it is round throughout its whole 
length, and seated into a socket in the bottom of the mortar. 

The different parts of the stamp are generally disconnected when shipped, 
since their construction permits of their being united with ease when they are 
to be placed in the battery. In order to fasten on the tappet, it is only neces¬ 
sary to slip it on the stem and then wedge it fast by means of the gib and 
keys. To attach the stamp-head to the stem, the socket is placed upon the die in the mortar and 
the stem is dropped into it. 

The Cam-Shaft is usually made 4k in. in diameter for five stamps, and sometimes 5 in. for run- 
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ning ten stamps, with a bearing at each battery post. The pulley on its end is made of wood, built 
on flanges. The cams are key^ on by either one or two keys each. 

Tlie Guides^ in which the stamp-stem is run, are generally made of the firmest wood that can well 
be obtained ; and they are secured to the girts of the battery-frame by collar-bolts between each two 
stems. They arc constructed in halves, so that when worn by the stem they may be closed up to it 
by dressing down their faces. 

The Screen, for working ores by the wet process, is made genemlly of Russia sheet iron.« This 
iron has a planished, glossy, and smooth surface; it should be free from rust or flaws, and be very 
soft and tough. The severest test of sheet iron consists in hammering a part of the sheet into a 
concave form. In the manufacture of this kind of screens, the sheet is perforated by punches, vary¬ 
ing in size from the number 0 to the number 10 common sewing needle. The screen for the working 
of ores dry is usually made of wire, and varies in fineness from 900 to 10,000 meshes to the square inch. 

The Ore-Stamp, represent^ in a full-page plate and in detail in Figs. 3974 to 3981, U an over¬ 
head stamp of great power, of improved modem construction. A A exe the bed-timbers, surrounded 
by cast-iron sills B, over which are placed timbers C and D, The timbers E support the battery- 
posts, and at O is the bed-plate of the mortar. The battery-posts ore held together by a wooden cap 


3974. 



807& 



f at the top, and by the iron frame iV, the bunter-beam V, and the cheek-pieces T, They arc braerf 
by iron beams G. The mortar proper, a. Fig. 3976, is cast in one piece and weighs 1,500 lbs. It is 
shown in plan in Fig. 3978. On the mortar bottom is placed the bed-plate e, and above this the 
die proper d. The die is surrounded by a ring c, fastened to the bed-plate by the bolts/, as shown 
in f^g. 3977. At g are the stave-linings, of bard chilled cast iron, held in place by mutual coota<A 
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and the bolt A. Above these are the side limngs m and n, the lower ones of cast, the upper ones of 
wrought iron. The mortar linings are changed about once a year. The shoes />, Fig. 8976, are made 
circular with the sides cut off. On the upper side they have a projecting piece, one side of which is 
dovetailed to fit into the slot of the stem. They weigh from 460 to 660 lbs., and are of bard cast iron. 

The mortar with straight sides, instead of flaring ones as above described, is shown in Fig. 8981, 
the various parts already named being similarly lettered. At g is the stem. When the front of the 
mortar flares, there are two screens, each nearly the same size as the back screen, the shape of 
which is shown in Figs. 8978, 8979, and 8980. These screens are of steel plate three-thirty-seconds of 
an inch thick, with holes ranging from three-thirty-seconds to three-sixteenths of an inch in diameter. 

The screens discharge into hoppers, Z, Fig. 3974, and z. Fig. 8976, attached to the inclined sides 
of the mortar, and deliver the material to launders, which carry the crushed ore to the washers. The 
top of the mortar is closed. On it is the feed-hopper W, Fig. 8976. The stem of the mortar passes 
through an um-shaped appendage, /, Fig. 8974, and ti. Fig. 3976, with a cone in the centre, through 
which water is discharged, into the mortar by the pipe J/. Just above the mortar an iron frame, 
Fig. 3976, is bolted to the battcry-post /*, which has two boxes, 0 0, through which the stem of the 
stamp P is guided. Between these two boxes a pulley with feathers, is clamped, which works in 



splines in the stamp-stem ; a belt running over this pulley gives a rotary motion to the stamp. The 
stamp-stem P is round, and made of wrought iron. Its lower end has a dovetail to receive the shoe, 
which is fitted and keyed into it. The upper end has a circular flange, to which the bonnet R is 
bolted. At the top of the mortar-frame the steam-cylinder S is bolted to a cast-iron frame 
which is fitted and bolted to the stamp-frame. The piston passes down through the bunter-beam 
which is bolted to the battery timbers, into the bonnet R^ into which it is screwed, as shown in Fig. 
8975. The bunter-beam frame contains a cushion, against which the top of the stamp-shaft bonnet 
R strikes when raised too high, and this prevents its upward motion, and also prevents the piston 
from knocking the cylinder-head out. It never touches except when too much steam is let into the 
steam-cylinder, or when the pressure of the boiler is unnecessarily increased. The steam-chest W 
incloses the slide-valve; the steam enters the steam-chest IF by a pipe F, and is discharged by the 
exhaust-pipe. The slide-valve works entirely independent of the stamp-stem, running a fixed number 
of strokes per minute, and is driven by the eccentric b and valve-rod Z. The eccentric has its motion 
from a belt on the pulley c, which is driven by a separate engine. It runs upon the shaft </, upon 
which are two eccentric elliptical cog-wheels, e. The regular motion of the shaft d is in this way 
changed into an irregular motion, and gives the eccentric and steam-valve a slow upward and quick 
downward movement. By the arrangement of cushions in the stamp-shaft bonnet /2, the piston-rod 
and head are relieved from the very severe strain which would otherwise come on them. Tbe mortar 
of this stamp is so large that the shoe and die must neTer come together, as the power of the blow 
is very great. A lever is attached to the side of the stamp, which the bonnet R strikes when the 
rock gets too low, and warns the workmen before the shoes and dies come together. 

To work the stamp, the motion is communicated to the valve by the pulley c, the ore having first 
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been thrown into the feed-hoppers. It falls down into the mortar proper through the feed-spout W, 
Fig. 3976. The water is turned on to the pipe Ify Figs. 8974 and 3975, and at each blow of the 
stamp the water and crushed ore are thrown toward the top of the screens. The pulp is forced 
through the screens, and falls through the spout z into the launders leading to the washers. 

A detailed description of the Ball stamp will be found in the AfetaUurffical Reviewy ii., 4, from 
which the fore^ing is abridged. 

Stamp^MiU Ferformancet ,—Three Ball’s stamps at the Pewabic mill. Lake Superior, running from 
Jan. 1 to Dec. 81, 1875, gave the following results: No. of days running, 281} ; tons of rock stamped, 
68,942; tons stamped per cord of wood, average, 10.84; total running expenses, $46,208.87; cost of 
stamping and washing one ton of rock, $0.79. 

The following table shows sizes and dimensions of these stamps: 


DimmdonZy efc., of BoWb Ore-Stamps, 


wo. OF 
STAMP. 

of 8h.ft W.^t 

Diameter of 
Steam-Cylinder, 
in lachea. 

Number of Blows 
per Minotc. 

H«MhPower 
required hr tmm 

HemL 

AcImU Ammmd 
Rock Craritodpw 
SmjriUBmma. 

1. 

8 

4.Ji00 

28 

12 to 15 

90 

60 

190 

2. 

7 

8.500 

28 

11 

90 

52 

96 

8. 

6 

2,500 

20 

9 

95 

85 

65 

4. 

5 

1,500 

24 

8 

110 

16 

85 1 

5. 

* 

050 

18 

6 

120 

8 

15to90 i 

1 


The following table, compiled from data gathered by Messrs. Prescott, Scott & Co. of San Fran¬ 
cisco, relative to performances of the Stanford stamp, shows that heavy stamps, working at a high 
speed with a short drop, will do more work than lighter stamps at a lower speed with a higher drop. 
The practice of millmen is inclining in this direction. 


Table showing Performances of Stanford StampsBalteries, 



¥ 


Ii 

ll 

J* 

Hi 

1^.=! 

Mi 

n ^ 

S 6 

DATA. 

iu 

fa 

1* 

Iniemat 

MiU, 

Pine. 

|il 

III 

lll^ 

iii 

P* 

00 

it 

a .3 

M > 

Kind of mill. | 

silver, 

Silver, 

Silver, 

Sliver, 

Silver, 

Gold, 

Gold, 

Gold, 

Sliver, 

dry. 

wet. 

dry. 

dry. 

wet. 

wet. 

wet. 

wet. 

wet 

No. of mortars.. 

6 

6 

6 

6 

6 

8 

6 

1 

18 

Discharge of mortars. 

D’ble. 

Doable. 

D-ble. 

D’ble. 

Double. 

Singly 

Single. 


No. of stamps to each I 
mortar.1 

5 

6 

5 

5 

6 

* ^ 

4 with 4 

2 “ 6 

f * 

5 

Total No. of stamps. 

80 

80 

80 

80 

80 

40 

28 

6 

60 

Weight of stamp in lbs.... 
Height of drop in Inches... 

750 

760 

750 

750 

750 

750 

650 

650 

»60 

8 

9 

8 

7.5 

7.5 

8.5 

11 

10 

» 1 

No. of drops minute... 

\ 

95 

85 

95 

98 

87 

85 

70 

90 

90 I 

Brass 

wire. 

Rnssla 

Brass 

wire. 

Brass 

wire. 

Russia 

Russia 

Rnssla 

Rnsda 

Rnaris 

Screens made of.•< 

Iron, 

Iron, 

iron. 

Iron, 

iron. 

Itmi, ' 

1 

Trade No. of screens. 

punched. 

punched. 

slotted 

punched. 

punched. 

pundied. 

60 

6 

60 

50 

6 

5 

6 

5 

4 

Tons of rock crushed In 1 
24 hours.f 

52 

67 

4S 

88 

47 

90 

60 

17 

159 

Tons of rock crushed 
per stamp In 24 hours. ) 

1.78 

2.07 

1.6 

1.1 

1.57 

2.25 

8.58* 

2.85 

2.65 

Quality of rock formation -j 

Hard 

I'stone 

Tough 

quartz. 

Easy j 
quartz 

Soft 

I’stone 

Soft 

limestone. 

Medium 

quartz. 

Easy 

quartz. 

Brittle 

quartz. 

Eaiy 

qnartL 

Fineness of the bnlUon.... 

993 

650 

1 

990 

990 

840 

950 


STARCHING MACHINE. See Laundry Machinery. 

STATICS. That branch of mechanics which treats of the action of forces in equilibrium. The 
union of two or more forces to produce a mechanical effect is called a composition of forces. Con¬ 
versely, when a single force is replaced by two or more forces which produce the same effect, or when 
it is resolved into components for the purpose of mathematical analysis, such operation is called a 
resolution of forces. Analyses of cases must have regard to: 1, the quantity or intensity of the 
force or power; 2, the direction in which the force acts; and 8, the part of the body or load to which 
it is applied, and which is called the point of application. The quantity of force or power is usually 
expressed by assigning it a value in weight. It may also be represented by a straight line of pro¬ 
portionate length. 

Two or more forces acting in the same direction produce a result equal to their sum; acting in 
opposite directions, the result is a force equal to their difference. When two forces act together to 
produce a third, they may be represented by two sides of a triangle, while the resultant .is repre¬ 
sented by the third side. If a point is kept at rest by the action of three forces, these forces may 
be represented in quantity and direction by the sides of a triangle. Thus, the point a. Fig. 3982, 
will be kept at rest when acted upon by three forces in the direction of the arrows 6, c, and a, where 
the forces are represented respectively in quantity and direction by the sides b\ c\ and . If the 
adjacent sides of a parallelogram represent two forces in quantity and direction, the resultant forces 
will always be represented by the diagonal contained between them. Thus, if c a and e dy Fig. 398S, 
represent two forces equal in quantity, having the direction shown by the arrows, their resultant will 


* In 4-stamp mortars, 1.75; in 6-stamp mortars, 1.S8. 
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be represented by the longer diagonal ch; but if a 6 and h d represent two forces acting in the direc¬ 
tion of the arrows, the resultant will be represented by the shorter diagonal a d. These propositions 
may be experimentally verified by the method of Gravesande. Let two weights of 8 and 10 lbs. be 
suspended over two friction-pulleys by a string, as shown in Fig. 3984, and let a third weight of say 
14 lbs. be suspended from this string, between the pulleys. After a time 
the system will come to rest If no^ the string supporting the middle weight 





be extended upward vertically to some point as <f, and d a and (/ c be drawn 
parallel to the strings a b and 6 e, a parallelogram will be formed whose adja¬ 
cent sides a h and b c and whose diagonal b a will have the respective values 
8,10, and 14. The point b is acted upon by three forces, represented by the respective sides of the 
triangle adb in quantity and direction, the weight 8 acting in the direction b c, the weight 10 acting 
in the direction b a, and the weight 14 acting in the direction db. 

The resultant of a number of forces acting upon the same point of a body may be determined by 
finding the resultant of the first two, and of this with the third, etc. This will be obvious by sup¬ 
posing four equal forces, a e, 6 e, c e, and d e. Fig. 8985, acting at right angles to each other upon the 
point e. The resultant of a e and be will be the diagonal/e of the parallelogram atbf; the resul¬ 
tant of ft and c e will be 6 e / and that of 6 e and d e will be zero; which will also appear by observ¬ 
ing that the forces a e and c e balance each other, as also do the forces b e and d e. The resultant of 
any number of forces may also be found by connecting the lines representing the forces, as shown in 
Fig. 8986. Suppose the forces to be represented in quantity and direction by the 
lines abfbcycdj and d e. Connect the points a and e, and the line a e will rep- 8887. 



resultant of a 5 and be, ad that of a c and e d, and a e that of ad and d e. 

The force which impels a sail-vessel, moving with the wind off the quarter, is the resultant pro¬ 
duced by the oblique action of the wind against the sajls. Let a b, Fig. 3987, represent the position 
of the sail, and d c the direction and force of the wind. This force may be resolved into the compo¬ 
nents d/and /"e, the former parallel with and the latter perpendicular to the surface of the sail, and 
therefore the only force which is effective. But it is not acting in the direction of the keel, ni k; 
therefore it must be resolved into the components f g and gc, the latter of which will represent in 
quantity and direction the effective propelling force given by the wind, whose force is measured hyde. 

Centre oj Gravity ,—The point through which the resultant of all the forces caused by attrac¬ 
tion of gravitation of the molecules of a body passes is called the centre of gravity. This point may 
be within the body, or, in consequence of its form, may be beyond it. The finding of the centre of 
gravity is a geometrical problem, but with an irregular-shaped body it can most easily be determined 
experimentally by suspending it in two positions, and finding the point of intersection of the two ver¬ 
tical lines which pass through the two points of suspension. This point of intersection will necessa¬ 
rily be the centre of gravity; for it is evident that it must reside in each of the two verticals, as each 



vertical is the resultant of all the gravitating forces of the body while suspended in any one position. 
In the case of bodies of uniform density and of geometrical form, the centre of gravity is readily deter¬ 
mined by geometrical principles. In a circle or sphere it coincides with the geometrical centre. In a 
plane triangle it is at the point of intersection of two lines joining the vertices of two angles with the 
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middle of the opposite sides, as shown in Fig. 8988. In a cone or pyramid it is in the line joining the 
vertex with the centre of gravity of the base, and at one-fourth the distance from the base. 

A body is said to be in equilibrium when the centre of gravity and the point of support are in the 
same vertical line. When the point of support is above the centre of gravity, the equilibrium is said 
to be stable. Founded upon this is the sometimes so-called paradox of maintaining a beam in a hor¬ 
izontal position with only one end resting upon a support, as shown in Fig. 8989. The condition is 
easily understood if the beam b and the leaden ball a, with the attached bent rod, are considered as 
forming one body whose centre of gravity is at e. 'V^en this is vertically below the point of sup¬ 
port, the system will be in stable equilibrium. When a body has its centre of gravity alwve the print 
of support, but in the same vertical, it is said to be in unstable equilibrium. 

A distinction must be made between a state of stable equilibrium and a merely stable condition; 
for equilibrium implies a balance of force. A block, for example, may rest in a stable condition 
when lying upon the floor, although supported below its centre of gravity. But it cannot be said to 
be supported by a point; if it were, this point would need to be in a vertical with the centre of grav¬ 
ity. There are some cases of stable equilibrium when the centre of gravity is above the point of 
support. Thus when the body is an oblate spheroid, stable equilibrium will exist when it rests upon 
one of its poles a or 6, Fig. 8990, because the centre of gravity occupies the lowest possible position. 
Disturbing the spheroid so as to bring the axis out of the perpendicular will raise the centre of grar- 
ity, and although it carries it to one side, as from c to e\ the point of support is removed still far¬ 
ther in the same direction, as from 6 to d; and therefore gravity will bring the body back till the 
axis is vertical. 

When the point of support and the centre of gravity coincide, as in a wheel, the equilibrium is said 
to be indifferent, as is also the case when a sphere rests upon a horizontal plane, because the centre 
of gravity and the point of support will always be in a vertical line. A prolate spheroid or an egg, 
lying on its side upon a plane, is in a state of stable equilibrium in one direction, and in that of in^- 
ferent equilibrium in another. Supported at the pole, the case becomes one of unstable equilibrium. 

The vertical line which passes through the centre of gravity is called the line of direction of the 
centre of gravity. A body will rest upon a horizontal plane only when the line of direction falls 
within the base on which it rests; and its degree of stability or power to resist change of position 


8993. 8094. 



depends upon the horizontal distance of the line of direction from the edge of the base as compared 
with the height of the centre of gravity above the base, or upon the lengdi of the arc which the cen¬ 
tre of gravity will describe when the body is raised from a horizontal position of the base to that in 
which the line of direction falls through the edge of the base. Thus, if a horizontal plane is rotated 
on one ed^e till its centre of gravity falls in the line of direction, it will describe the quadrant of a 
circle, as shown in Fig. 8991; while the centre of gravity of a cube requires to be moved only throu^ 
an arc of 45® in order to bring it vertically over one edge, as shown in Fig. 8992. 

Mechanical Elements. —^The combinations of mechanism are numberless; but the primary ele¬ 
ments are only two, namely, the lever and the inclined plane. By the lever power is transmitt^ by 
circular or angular action—that is to say, by action about an axis; by the inclined plane it is trans¬ 
mitted by rectilineal action. The principle of the lever is the basis of the pulley and the vhed and 
axle ; that of the inclined plane is the basis of the toedye and the screw. 

The Lever. —^The elementary lever is an inflexible straight bar, turning on an axis or fixed point 
called the fulcrum; the force being transmitted by angular motion about the fulcrum from the point 
where the power is applied to the point where the weight is raised, or other resistance overcome. 
There are three varieties of lever, according as the fulcrum, the weight, or the power is placed be¬ 
tween the other two; but the action is in every case reducible to that of the three parallel forces 
in equilibrium. In a lever of the first kind. Fig. 8998, the fulcrum is between the power and the 
weight; in a lever of the second kind. Fig. 8994, the weight is between the fulcrum and the power; 
and in a lever of the third kind. Fig. 3996, the power is between the weight and the fulcrum. The 
general rule for ascertaining the relation of power to weight in the lever, whether it be straight or 
curved, is: The power multiplied by its distance from the fulcrum is equal to the weight multiplied 
by its ^stance from the fulcrum. Or, representing the power by P, and by p its distance from the 
fulcrum, and the weight by IT, and by w its distance from the fulcrum, we have : 

F: W w:p; or Fp = ITir. 

From this the following rules may be deduced: 

1. To fiind the power: Multiply the weight by its distance from the fulcrum, and divide by the dis- 

W w 

tance of the power from the fulcrum; or P =-. 

P 
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2. To find the weight: Multiply the power by its distance from the fulcrum, and divide by the dis- 

Pp 

tance of the weight from the fulcrum; or ir= —. 

° to 


8. To find the distance of the power from the fulcrum: Multiply the weight by its distance from 

the fulcrum, and divide by the power; or /) = ' 

4. To find the distance of the weight from the fulcrum: Multiply the power by its distance from 

Pp 

the fulcrum, and divide by the weight; or to = 


If the weight of the lever be included in such calculations, its infiuence is the same as if its whole 
weight or its mass were collected at its centre of gravity. If several weights or powers act upon one 
or both ends of the lever, the condition of equilibrium is: Pxp-^Pxp' + P' x />", etc. = W 
X w + X V)' ’\r X etc. If the arms of the lever be equally bent or curved, the distances 
from the fulcrum must be measured upon perpendiculars drawn from the lines of direction of the 
weight and power to^a line running horizontally through the fulcrum; and if unequally curved, 
measure the distances from the fulcrum upon a line running horizontally through it till it meets per¬ 
pendiculars falling from the ends of the lever. 

Work done with the Lever, —On the principle of the equality of movements, the power and the 
weight on the lever, neglecting frictional resistances, are to each other inversely as the length of the 
arms upon which they act—that is, of their radii of motion—and inversely as the arcs or spaces 
passed through or described by the ends of the arms. The power descending through a given arc a 
and the weight through an arc c, we have power x arc a = weight x arc c. To show this arithmeti¬ 
cally, let the weight be raised through 1 foot; then, with a leverage of 7 to 1, the power descends 7 
ft.; and taking it at 60 lbs., the weight it raises will be 60 lbs. x 7 = 420 lbs.; and the equation of 
work is 60 lbs. x 7 ft., or 420 foot-pounds = 420 lbs. x 1 foot, or 420 foot-pounds. 

Thi Puxxet is a wheel over which a cord or chain or band is passed in order to transmit the force 
applied to the cord, etc., in another direction. It is equivalent to a continuous series of levers 
with equal arms on one fulcrum or axis, and affords a continuous circular motion instead of the in¬ 
termittent circular motion of one lever. Fig. 8996 represents a fixed pulley corresponding to a lever 
of the first kind. The weight W is sustain^ by the power P by means of a cord passed over the 
pulley in fixed supports, and the centre-line a eh represents the element of the lever, from the ends 
of which the power and the weight may be conceived to depend, turning on the fulcrum c. By equali¬ 
ty of moments, W x ae = P x be; and the arms or radii ea and e b being equal, the power is equal 
to the weight, and the counter-pressure at the fulcrum is equal to twice the weight. The single fixed 
pulley simply changes the direction of the force without mc^ifying the intensity of the power. 

The pulley may be employed as a lever of the second, kind by suspending the weight to the axis of 
the pulley, and fixing one end of the cord to a point as a fulcrum point, as shown on the left in Fig. 
8997. Supposing the power to be applied at a, we shall have P x fa = IF x a 6. Suppose W = 
20 and a 6 = 1, we have 20 x 1 = P x 2, whence P= 10; or in other words, the leverage being as 
2 to 1, the power is only half the weight. Referring again to Fig. 8996, suppose the power to be 
applied at e and one end of the cord to be brought to a fixed point. Then the product of the power 
by the radius of the pulley is equal to that of the weight by the diameter; and the leverage being 
as 1 to 2, the power is twice the weight. The pulley here becomes a lever of the third kind. 

In these last two applications of the pulley, it becomes movable when in action, and by combining 
two or more movable pulleys on the same or different axles on one block, with one cord, the gain of 
power may be increas^ in the same proportion, 

1. To find the power necessary to balance a weight or resistance by means of a system of fast and 
loose pulleys: Divide the weight by the number of ropes by which it is carried—that is, the number 



of ropes proceeding from the movable block. The quotient is the power required to balance the 
weight. When the fixed end of the rope is attachedr to the fixed block, the number of ropes pro¬ 
ceeding from the loose block is twice the number of movable pulleys, and the power may be found 
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by dividing the weight by twice the number of movable pulleys. When the end of the rope U at- 
tached to the movable block, the division may be taken at twice the number of movable pulleys plus 
1. Or, putting n for the number of movable pulleys, if the fixed end of the rope is att^ed to the 

W ' W 

fixed block, P= — ; and if the fixed end of the rope be attached to the movable block, P =-. 

2n ^ 2n + l 

2. To find the weight or resistance that will be balanced by a given power by means of a system 
of fast and loose pulleys: Multiply the power by the number of ropes proceeding from the movable 
block; or when the rope is attached to the fixed block, multiply ^e power by twice the number of 
movable pulleys; or when the rope is attached to the movable block, multiply the power by twice the 
number of movable pulleys plus 1. Thus, in the first case we have ir= 2 n P, and in the second 
case 1^= (2 n + 1) P. 

8. To find the power necessary to balance a weight by means of a system of separate movable 
pulleys with separate cords consecutively connected, as shown in Fig. 8998: Divide the weight by 
that power of 2 of which the index is the number of movable pulleys; or subdivide the weight sue- 

W 

cessively by 2 as many times as there are movable pulleys to find the power required. Thus, P = ■2. 


4. To find the weight that can be balanced by a given power by means of a system of separate 
movable pulleys as above described: Multiply the power by that power of 2 of which the index is 
the number of movable pulleys; or multiply the power successively by 2 as many times as there are 
pulleys. Thus, IT = P x 2». 

It is necessary that the cords should be parallel to each other, os in the illustration, in order that 
rules 8 and 4 may apply. 

Work done with ike Pvlley ,—In using the single fixed pulley the power is equal to the weight, and 
the spaces through which they move in the same time are equ^ With the movable pulley the weight 
is suspended at the axle, and in raising the weight I ft. the power at the circumference with a lever* 
age of 2 passes through 2 ft, and is only half the weight; hence, as already shown, a weight double 
the power is raised half the height through which the power is applied. Conversely, when the wei^t 
is suspended at the circumference of the movable pulley and the power is appli^ at the axle, the 
leverage is one-half; the power is therefore double the weight, and moves through I ft. while the 
weight moves through 2 ft. 

The Wheel and Axle may be likened to a couple of pulleys of different diameters united on one 
axis, of which the larger, a. Fig. 8999, is the wheel, and the smaller, e, the axle, with a common ful¬ 
crum in the axis, the centre-line a c representing the elements of a lever. Here the weight W on 
axle e is balanced by the power P on axle a ; whence P a = IF <?, and the following rules: 

1. To find the power: Multiply the weight by the radius of the axle, and divide by the radius of 


Wc 

the wheel; or, from the above formula, P =. 


2. To find the weight: Multiply the power by the radius of the wheel, and divide by the radius of 


the axle; or IT= 


Pa 


8. To find the radius of the wheel: Multiply the weight by the radius of the axle, and divide by the 
Wc 

power; or a = 

4. To find the radius of the axle: Multiply the power by the radius of the wheel, and divide by the 

... W a 

weight; or c = • 

Work done with the Wheel and Aar/e.—While the wheel in Fig. 8999 makes one revolution, the 
axle also makes one. The power descends or traverses a space equal to the circumference of the 
wheel = 2 a X 8.1416, while the weight is raised through a space equal to the circumference of the 
axle = 2 c X 8.1416. If the radius of the wheel be 1 ft. 6 in., and that of the axle 8 in., the cir¬ 
cumferences are 9.42 ft. and 1.67 ft., being as 6 to 1; and the 
4000. power and the weight, conversely, are as 1 to 6. If the power be 

20 lbs., then (P) 20 lbs. x 9.42 ft., or 188.4 foot-pounds = ( H") 
120 lbs. X 1.67, or 188.4 foot-pounds. 

The Incuned Plane is a slope, or a flat surface inclined to the 
horizon, on which weights may be raised. By such substitufion 
of a sloping path for a direct vertical line of ascent, a given weight 
can be rois^ by a power which is less than the weight itself. 
The power is determined in the following manner: We will sup¬ 
pose two cases, the first in which the power is applied in a dire^ 
tion parallel to the plane, and the second in which it is applied in 
a horizontal direction, or parallel to the base. Let m, Fig. 4000, 
be the centre of gravity of a freely-moving body resting on a plane 
whose length is o 6, and whose height is h e. Let the perpendicu¬ 
lar m e fall from the centre of gravity upon the plane; also draw 
m d perpendicular to the plane. Let m e represent the force of gravity; then will m d repre^t 
the pressure perpendicular to the plane, and de or ml will represent the force in quantity and direo* 
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tion with which the body tends to move downward along the plane. An equal force acting in the 
opposite direction will therefore produce equilibrium. Since the triangle medis similar Xq a he, 
ed\ em :: he \ ah. Consequently, when the power is applied in a direction parallel to the plane, 
equilibrium will exist where pitow height of plane : length of plane, or p i w ii sin. a : rad. In 
the second case, where the power is applied in a direction parallel with the base, produce m d to A, 
and draw eh parallel to the base; then will ehormk ol the parallelogram mehk represent the 
force necessary to produce equilibrium, and m h will represent the pressure pei'pendicular to the 
plane. But in this case eh : em ii h e \ ac. Therefore, power : weight :: height of plane : length 
of base of plane, or p: vo sin. a : cos. a. 

From the foregoing may be deduced the following rules: 

1. To find the power: Multiply the weight by the height of the plane, and divide by the length. 

2. To find the weight: Multiply the power by the length of the plane, and divide by the height. 

3. To find the height: Multiply the power by the length, and divide by the weight 

4. To find the len^h: Multiply the weight by the height of the plane, and divide by the power. 

Work done with the Inclined Plane. —The weight is raised in opposition to gravity, and the work 

done on it is expressed by the product of the weight into the vertical height of the inclined plane. 
The work done by the power is expressed by the product of the power into the length of the plane. 
These two products express equal quantities of work, and P x 1= W x h. For example, the length 
of the plane is 24 ft. and the height 2 ft; the weight is 120 lbs., and the power 10 lbs. Then the 
work done in raising the weight up the whole of the incline is 240 lbs.; thus, (P) 10 lbs. x 24 ft, 
or 240 foot-pounds = (IF) 120 lbs. x 2 ft, or 240 foot-pounds. The power is here supposed to be 
applied in a direction parallel to the plane. If applied in a direction at an angle to the plane, it is 
to be resolved into its components parallel and perpendicular to the plane. 

Thx Wedge is a pair of inclined planes unit^ by their bases or back to back,” as c a d. Fig. 
4001. Whereas inclined planes are fixed, wedges are moved, and in the 
direction of the centre-line a h, against a resistance equally acted on by 
both planes of the wedge. The function of the wedge is to separate 
two bodies by force, or divide into two a single body. In some cases 
the wedge is moved by blows, as in splitting timber; in othei-s it is 
moved by pressure. When pressure is applied, while the wedge and 
power move through a space equal to the length of the wedge a h, the 
weight is moved or overcome through a space equal to the breadth of the wedge ed; and as the 
power is to the wdght inversely as the spaces described, they are to each other directly as the breadth 
to the length of the wedge. Hence P x length =.W x breadth of wedge. Whence the following rules: 

1. To find the weight of transverse resistance: Multiply the power by the length of the wedge, 
and divide by the br^th of the head. 

2. To find the power: Multiply the weight or transverse resistance by the breadth of the head, 
and divide by the length of the wedge. 

8. To find the length of the wedge: Multiply the weight by the breadth of the wedge, and divide 
by the power. 

4. To find the breadth of the wedge: Multiply the power by the length of the wedge, and divide 
by the weight. 

Work done with the Wedge, —Supposing the wedge to be driven by a constant pressure through a 
distance equal to its length, the work done by the power is express^ by the product of the power 
into the length, and the woi^ done on the weight is expressed by the prc^uct of the weight into the 
breadth of the wedge. If the wedge be driven for only a part of its length, the work done by the 
power is in the proportion of the part of the length driven, and the work done on the weight is 
similarly in the proportion of the part of the breadth by which the resisting surfaces are separated. 

The Screw is an inclined plane lapped round a cylinder. Take, for example, an inclined plane 
ahe. Fig. 4002, and bend it in circular form resting on its base. The incline may be continued, 
winding upward, round the same axis, and thus helical planes of any required length or height may 
be constructed. The helix thus made being placed upon a cylinder and the dead parts of de helix 
removed, the product is an ordinary screw. The inclined fillet is the 
thread of the screw, and is called ** external.” But the thread may 
also be applied within a hollow cylinder, and then it is “internal,” 
as in an ordinary nut. The distance apart of tw'o consecutive coils, 
measured from centre to centre or from upper side to upper side—lit¬ 
erally the height of the inclined plane—for one revolution, is called the 
pitch of the screw. The effect of a screw is estimated in terms of the 
pitch and the radius of the handle employed to turn cither it or the 

nut, one on the other; and the leverage of the power is the ratio of the circumference of the circle 
described by the power end of the handle to the pitch. The radius is to be measured to the cen¬ 
tral point where the power is applied. The circumference being equal to the radius multiplied by 
twice 8.1416, or 6.28, we have P: W:: p: r x 6,28, in which p is the pitch and r the radius; also, 

6.28 Pr = Nx p. Whence the following rules: 

1. To find the power: Multiply the weight by the pitch, and divide by the radius of the handle 

Wp 

and by 6.28; or P =-. 

6.28 r 

2. To find the weight: Multiply the power by the radius and by 6.28, and divide by the pitch; 

6.28 Pr 
or W= -. 


4002. 
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8. To find the pitch: Multiply the power by the radius of the handle and by 6.28, and divide by 
6.28 Fr 

the weight; or p = ———. 

4. To find the radial length of the handle: Multiply the weight by the pitch, and divide by the 

Wp 

power and by 6.28 ; or r =-. 

^ 6.28 F 

Work done with the Screw. —In one revolution of the screw, the weight is raised through a hdght 
equal to the pitch of the thread, while the power acts through the circumference of the circle de¬ 
scribed by the point at which it is applied to a lever. 

For works for reference, see Mechanics. 

STAVE MACHINERY. See Barrel-makino Machinert. 

STEAM-BOILERS. See Boilers, Steam. 

STEAM-BRAKES. See Brakes. 

STEAM-COMPRESSION OF COTTON. The object of compressing cotton-bales is to obtain the 
largest possible weight in stowage in a ship’s hold, inasmuch as, within a certain limit, the quantity 
in pounds that can thus be stowed governs the price of cotton in the market through the price of 
freight, the latter being regulated by the amount that a ship can stow per ton register. Conseqaentljy 
the result sought in compressing is the greatest possible density of material. 

Bales as received from the planters vary considerably in size. Their horizontal section ranges 
between 8 sq. ft. (4 ft. long by 2 ft. wide) and 17 sq. ft. (6 ft. long by 34 in. wide). There would be 
many advantages in securing a uniform size, and the National Cotton Exchange has recommended 
that plantation press-boxes be equalized to give an area of cross-section of 9 sq. ft., or 54 by 24 in. 
The average bale may be considered as weighing 470 lbs., and it measures in volume 60 cub. ft. 

The amount of compression to which this can be subjected depends upon the press used, and upon 
the means of securing the bale while in the press in order to prevent its undue expansion after the 
pressure is removed. The following figures showing degree of compression in the press and subse¬ 
quent expansion were obtained by Gapt. S. H. Gilman of New Orleans, by the measurement of about 
1,000 bales during the cotton season of 1875-76: Thickness of bale in press, in inches, 11.15; den¬ 
sity per cubic foot, in pounds, 89.46; density when turned out of press, 20.90—^when delivered to 
ship, 18.14—when stowed in ship’s hold by jack-screws and mechanical means, 21.47; thickness of 
bales delivered on wharf, in inches, 25.86—when stowed in ship’s hold, 21.42; area of horizontal 
section of bale, in square feet, 12. 

At a trial of an India press in Liverpool, Orleans cotton was compressed to 65 lbs. per cubic foot, 
and tied so as to remain at 46 lbs. without injury to the staple, which opened in 80 minutes with¬ 
out any appearance of having been baled. All India cotton is baled to a density of 45 lbs. per cubic 
foot measurement on landing in England. The Champion Compress, hereafter described, in New 
Orleans, it is stated, has compressed a bale of good ordinary cotton to a density of 80 lbs. per cubic 
foot. The bale was then tied to expand to 88 lbs., and samples in a short time showed no evidence 
of having been pressed at all. 

As regards the strength of band-iron in general use on cotton-bales, the clastic strength, according 
to the authority above quoted, is 2,842 lbs.; the breaking strength is 2,700 lbs.; and the stretch per 
lineal foot between the elastic strength and the breaking strength is about one inch. 

The elastic or lifting strength of a bale of cotton compress^ to 6 in. in thickness is, after having 
expanded 60 per cent, of its volume, 67,222 lbs. It appears from this that such a bale cannot be 
held with the usual six iron bands, whose total elastic strength is but 14,062 lbs., at a size approxi- 
ting nearer than 6 in. to that which it had in the press, except in cases of very large single or double 
bales. This deduction coincides with the results of compressing cotton in India, where the staple 
comes from the planter in loose bags or sacks. It is weighed in quantities of 890 lbs. at a time into 
a cast-iron box 18 by 48 in. in horizontal area, and is there compressed to a thickness of IS in. and 
to a density of 65 lbs. per cubic foot To bold it, 18 iron bands 1^ in. wide (equal to 24 American 
bands) are applied and riveted together. The bale when removed from the press expands to about 
18 in. in thickness, and to a density of about 45 lbs. per cubic foot, as already stated. Cotton com¬ 
pressed in this manner can bo stowed in ships at the rate of 2,800 lbs. per registered ton. Twelve 
ships loaded in New Orleans in the spring of 1876 carried 1,424 lbs. per registered ton. A large 
gain in stowage is obtained by compressing two bales into one package. Details of this operation 
are given in connection with the description of the Champion Compress, from which it appears that 
a stowage of 2,645 lbs. per ton was obtained, which could have been increased to 2,870 Ibk 

The apparatus used for compressing bales may be divided into two classes: hydroaiaiie 
the power of which is constant throughout the stroke; and pro^essive-lever steam-preMee*^ the power 
of which is irregularly progressive and cumulative to the end of the stroke, where the greatest pres¬ 
sure is exerted. The Taylor hydrostatic press, which is the principal form used in this count^, is 
described under Presses, Hydraulic. 

The form of steam-press upon which modem apparatus of the kind is based was devised by Mr. 
Philos B. Tyler in 1845. Its construction, as originally made, is shown in Figs. 4003 and 4004. In¬ 
terposed between the piston-rod and follower of the press are levers, so arranged that at the com¬ 
mencement of the operation, when the resistance presented by the bale is at its minimum, the arras 
in connection with the follower shall be at their greatest length, while those connected with the pis¬ 
ton shall be at their shortest. As the resistance increases, the relation of the lever-arms is cfaaiu^ 
gradually, and in proportion to the resistance of the cotton, so that at the end of the stroke just the 
reverse condition obtains. In Figs. 4008 and 4004, the bed h is inverted and attached to the under 
side of a beam of the frame. To the upper side of this beam is secured the steam-cylinder a. The 
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piston-rod is provided with racks which engage with the toothed sectors e. The sectors are connect¬ 
ed with the follower e by four rods A. When steam is admitted to the cylinder, the piston is forced 
up. This causes the sectors to swing on their fulcra, and in so doing to lift up the follower over a 
small distance. The bale is thus forcibly compressed between the follower and the bed, and so is 
held until the bands are passed around it and secured. 


4008. 



4001 



Orader's Standard Comprets^ constructed similarly to the foregoing, has a second steam-cylinder 
placed inverted and vertically above the cylinder which rests on the bed of the machine. The upper 
cylinder has a shorter stroke but larger piston area than the lower one. The operation is as follows: 
When steam is admitted to the lower cylinder, the piston ascends, and the rack on the piston-rods 
vibrates the segments as already describe. This motion is continued until very near the end of the 
stroke, when the upper extremity of the piston-rod enters a clutch, by which it becomes connected 
with the lower end of the piston-rod of the upper inverted cylinder. Steam is then admitted into 
the latter, and the pressure is by it completed, the large piston surface and short stroke affording a 
means of applying the very great degree of compression necessary at the end of the operation. In a 
machine of this description erected in New York, the lower cylinder was 48 in. in diameter, and the 
upper one 60 in., the strokes measuring respectively 9 and 4 ft. The floor space occupied was 14 by 
18 ft., and the weight of the machine was about 100 tons. (See Scientific American^ xxix., 287.) 

T7ic Champion Compress^ represented in Fig. 4006, is the invention of Capt. S. H. Gilman of New 
Orleans, and has achieved very remarkable results in the compression of cotton. The dimensions of 
a machine built in 1876, and at the present time (1879) in active use, are as follows: Area of bed¬ 
plate, 20 by 12 ft.; depth of same, 18 in.; total height to top of reversing cylinder, 86 ft. 6 in.; di¬ 
ameter of main cylinder, 76 in., stroke 10 ft.; diameter of reversing cylinders, 84 in., stroke 18 in.; 
length of lifting-rods between centres, 82 ft. 7 In.; diameter of same, 12 in.; diameter of lifting-rod 
shafts (ingot steel), 13 in.; diameter of sector-centre shafts (ingot steel), 18 in.; radius of sectors, 
70 in.; face of arched teeth, 20 in.; pitch of same, 8 in.; stroke of lower platen, 66 in.; stroke of 
wedge, 12 in.; smallest space for bale, 6 in.; largest space for bale, 6 ft.; size of each of four 
rubiir bumpers, 6 by 24 by 16 in.; length of sector-bearings, 9 in.; length of their vibration in 
their boxes, in degrees of their circumference, 97*; diameter of bearings, 18 in.; length of bearings 
of the lifting-rods at each end, 13 in.; diameter of same, 13 in.; vibration of same on circumference 
of upper shafts, 97*; vibration of lower ends of lifting-rods on their shafts, 4® 27'; diameter of up¬ 
per tie-rods, 8 in.; of lower tie-rods, 6 in. The shafts of the lifting-rods and sector-centre shafts are 
all of ingot steel, turned one-eighth smaller than their boxes, which are made of brass composition 6 to 
1, and those in the ends of the rods are solid rings, 1 in. thick, forced hard into the rods. The av- 
erage working load on each of these bearings is 800,000 lbs. net. They are lubricated with castor- 
oil, and, after compressing 24,000 bales of cotton, and making not less than 40,000 compressions, 
are reported to show no appearance of abrasion or wear. The load on each of these bearings has 


Digitized by v^ooQle 















800 


STEAM-COMPRESSION OF COTTON. 


frequently been carried up to 900,000 lbs., and occasionally to 1,000,000 lbs. It must be obscired^ 
however, that this great pressure is on only about one-fourth of the time, and that it is in motion 
only about 5 in 60 seconds. The result indicates that the pressure of shaft-bearing can safely be car¬ 
ried up to 8,000 lbs. per square inch, with very slow movement, when the parts are made of sudi 
materials as arc here used. The press represented in Fig. 4005 was constructed to carry a net load 
of 4,600,000 lbs. The factors for safety are stated not in any part to exceed 10,000 lbs. tensile for 
wrought iron and steel; 200 lbs. transverse and 6,000 lbs. compression for cast iron. 

The valve-gear consists of one double steam-valve *7 in. in diameter, and two exhaust-valves of 
same make and size, all raised by cams on a rock-shaft worked by the pressman. The first exhaust- 
valve opens to a distributing steam-chest, with three outlets, all closed by check-valves, and leading 
respectively to the reversing cylinders, to the steam-jacket, and to the heater. When these are all 
filled with steam, at about equal pressure with the cylinder, the check-valves all drop and the other 
exhaust-valve opens to the atmosphere, letting the press down; and when the reversing cylinders 
have made their stroke forward, an escape-pipe opens behind their pistons to the atmosphere; they 
are pushed back again by the sectors when the press goes up. The pressure obtained in this way by 
the exhaust-steam into the reversing cylinders, cylinder-jacket, and water-heater, is nearly half that 
of the main cylinder, as is shown by the instrument The boiler-heater constructed for this applica¬ 
tion is report^ to heat the feed-water to a mean of 260°. The heater being between the pump and 
boilers, the pump throws cold water through the coils in the heater to the boilers. The main cylinder 
has a cast steam-jacket, with an annular space between it and the cylinder of 1| in., in which a pressure 
of 50 lbs. is kept up by the escape-steam as described. The boilers used for this press are three, 
*each 85 ft. long, 48 in. in diameter, with two 16-inch flues, all made of three-eighths iron; outer 
shells double-riveted in all horizontal seams. They are entirely inclosed in the gaseous products of 
the combustion, wliich pass from the furnace under the shells, return to the front through the flues, 
and back again on the top of the shells to the chimney. The consumption of fuel when constantly 
running is 13 lbs. of coal per bale of cotton compress^. 

The most novel features in the dynamics of this press are, its reversing cylinders, its wedge, and its 
upper platen ; and in its statics, the novel features are its iron frame and the way in which the whole 
structure is tied together as one piece. The reversing cylinders stand perpendicular to the main 
cylinder, above and outside of it, and immediately behind the sectors when they are up, and throw 
their power against the sectors to force them inward and downward when the press is to be opened. 
These cylinders receive the exhaust-steam from the main cylinders as before described; the mean 
pressure as indicated by the gauge is 40 lbs. per square inch, which gives a pressure against sectors 
of 72,660 lbs., equal to 16 lbs. per square inch against the main piston; this starts the press 
down without delay. The wedge supports the upper platen by flanges wliich project horizontally 
from its lower edges, on which rim small wheels, whose axles are attached by connections to the 
platen; the end thrust is held by connecting-rods to the frame, so that when the wedge moves the 
platen has a vertical movement corresponding to the slope of the wedge. The cylinder has a heavy 
jacket 2^ in. thick, which fits to the cylinder at both ends and at two central points. The jacket is 
heavily ribbed, and is attached to the side frames by two vertical fianges on each side. The cylinder, 
its jacket, and the two side frames, all being thus bolted together and to the beam, foim one solid 
mass, further stiffened by the tie-rods at the foot of the sectors. The upper tie-rods lake the thrust 
of the reversing cylinders, and also stop the upward movement of the sectors, on rubber bumpers at 
the top of the top frame and between the tie-rods. 

In India the bales, being made of a uniform size and weight, are reduced to a uniform density. 
In the United States bales vary from 800 to 600 lbs. in weight, and from 8 to 17 ft. in area of hori¬ 
zontal section. It will at once be seen that the pressure required to reduce American bales to the 
greatest density varies very largely. This will be more fully illustrated by the following table. The 
cylinder-pressure on the Champion press has, it is stated, in exceptional cases been carried as high as 
140 lbs. per square inch, applying a net pressure upon the bale of 4,668,642 lbs. 


Table showing Data obtained from the Average Daily Work of the Champion Compreet in bTcw Or- 
leans^ Junc^ 1877, by S. H. Gilman. 


Depth of 
the Bale in 
the Pr«u. 

Wel(^ht per 
Cubic Foot. 

Preerare per 
Square Foot. 

Total net 
Pnsesure on 
Bale. 

Preentre of 
Steam per 
Sq. Inch In 
Cj-llnder. 

Anfflat of the Liain|{- 
Roda nnd Secton. 

CumniatloBe of 
Lcvwat*. 

Dmd We%ht { 

FHcthw 

frean tnfchd Power 
«f Pren. 

Inchee. 

PouniU. 

Ponoda. 

Poundd, 

Poundji. 

Roda. 

Secton, 


FOunda. * 

16.65 

2S.11 

18,998 1 

227,917 

40 

1.16* 

64* 

2.78 

1 22A484 

12.70 

81.64 

86.440 1 

487,280 1 

60 

1.60* 

61* 

8 

264.270 

10.91 

40.88 

61,201 

784,419 

60 

2.83* 

6S* 

8.84 

2s8,268 

9.46 

46.r»6 

87,007 

1,(V41,090 

70 

8.06* 

78* 

4.46 

884^97 

8.62 

61.04 

182,892 

1,667,141 

60 

8.89* 

78* 

5.62 

872.858 

6.6S 

66. S6 

266,493 

8,197.927 

96 

4.27* 

85* 

8.76 

620,592 


Tying Cotton-Bales. —Second in importance only to the reduction of the bale in Uie cmnpress to 
the greatest possible density, is the question of checking the expansion of the bale when removed 
from the press. This expansion varies very greatly, being greatest in wide bales of light weight, and 
least in narrow bales of heavy weight. In order to maintain the bales as nearly as possible at the 
density to which they are reduced by the compress, it is necessary that each band should be drawn 
tightly around the bale and be secured by a tie that does not impair the tensile strength of the baud. 
The following are the essential requisites of a band-tightener and tie, the absence of any one of which 
would be fatal to the result sought to be obtained: The band-tightener must be entirely flexible in 
order to adapt itself to the vaiydng width of the bales, which causes them at times to project beyond 
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and at others to be several inches within the outer edge of the platens; it must apply the same and 
consequently an independent strain to each and every band; it must be so simple in its action as to 
enable any ordinary laborer to use it; and it must be capable of attaining a speed of at least 60 bales 
per hour. The tie must be self-locking, instantaneous in its action, securing the bands at their 
ultimate point of tension, and must not impair their tensile strength. 

By universal custom six bands are used upon each bale, and six men are employed at a compress, 
say three on each side. To attain the greatest possible speed, it is therefore neoessaiy that three 
bands be tied on each side. It will be readily understood that where so enormous a pressure is ap¬ 
plied it is necessary that the bale should be placed exactly in the centre of the platens; for if plac^ 
flush with one edge of the platens the press would be subjected to an abnormal strain, that would fix 
the period of its breaking down at a short distance. 

Figs. 4006 and 4007 represent a “ steam bale-band tightener,” invented by Capt. Gilman. Three 
of these are applied to each aide of a press, and each h^ two perpendicular arms attached to two 

horizontal bars, upon whidi 
they move freely in any di¬ 
rection. These bars are vi- 
brated by two steam-cylin¬ 
ders, by which means one 
bar is caused to pull up the 
band while the other forces 
down the tie. ilg. 4007 
represents the puller in po¬ 
sition, with the band insert¬ 
ed. Steam is applied first 
to the lifting or pulling-up 
cylinder, and then to the 
depressing cylinder, whidi 
pushes down the tie. fig. 

4006. 


4006 represents the puller 
in its position after the 
bands have been tightened. 
Steam is then ediausted 
from both cylinders simul¬ 
taneously, when the pullers 
let go of the bands and the 
operation is completed. In 
order to apply an equal 
strain to each band, the 
puller is furnished with a 
friction-cam and rack (as 
shown at J), which can be 
adjusted to any strain. It 
has been found in practice 

that 1,200 lbs. is the ultimate strain that can be thus applied without causing the bands to bre^ when 
they sustain the expansive force of the bales upon being released from the press. This arrangement 
is indispensable, as it is proved by practice that the bands, when passed around the bales by hand 
and inserted in the pulleys, vary in length as much as 10 in. upon the same bale. B, fig. 4006, rep¬ 
resents the mechanism for holding the loose end of the band. It is gripped tightly between rollers 
moving upon an inclined plane of 7i®, as at that angle the wedge will neither slip nor stk^ By 
this arrangement the bands do not slip as long as any strain is applied, and release themselves as 
soon as the strain is removed. 

Fig. 4008 represents the “ grip-tie,” also the invention of Capt. Gilman. One end of the band is 
doubled over to form a bulb. The band when passed through the tie moves freely in one direction ; 
but when pressed down so as to force the bulb into the tie, it forces the loose end of the band into 
the curved line of the tie, holding it securely without impairing its strength. 

Experience has proved that by the use of an efficient bale-band tightener and self-locking tic the 
carrying capacity of a cotton-laden vessel is increased fully 20 per cent. The following example will 
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illustrate this fact. In 1878 the British steamship Whickham, of 1,124 tons net register, was loaded 
at New Orleans with cotton from various presses, all using a band band-tightener. Her cargo con¬ 
sisted of 5,127 bales of cotton and 186 tons of oil-cake (equal in stowage room to 600 bales of cot¬ 
ton), making the equivalent of 6,627 bales of cotton, or 6 bales to the ton. About the same time the 
British steamship Enmore, of 1,122 tons net register, was loaded from the same presses, but without 
the use of a band-tightener. Her cargo consisted of 4,627 bales of cotton and 80 tons of oil-cakc 
(equal to 110 bales of cotton), making a cargo equivalent to 4,637 bales of cotton, or 4.18 bales per ton. 

Doubling Bales ,—The natural tendency of ail bodies when subjected to an expansive force is to 
assume a round form. This tendency is only checked by the degree of resistance offered by the ma¬ 
terial of which the body is composed. It is therefore evident that the broader the bale is in proportion 
to its thickness, the greater will be the expansion when it is freed from the pressure of the compress. 
A bale 32 in. in width and weighing about 860 lbs. is readily brought down to 6 in. in the Champion 
Compress. While in the press its longitudinal cross-section is a parallelogram 6 x 82 in. To raise 
the long side (32 in.) of this parallelogram into a parabolic curve 6 in. in height, it is only necessary to 
draw each of the ends of the short (6-incb) side 1 in. into the bale, or in other words to diminis h the 
distance between them by 2 in. When thei^ore the pressure of the compress is removed, the figure of 
the cross-section of the bale soon becomes a paraboloid 80 in. in length and 16 in. in depth. When 
two such bales are returned to the press and tied together, the two parabolic curves that come in 
contact are reduced to a straight line through the centre of the package. The cross-section of the 
doubled bales forms a paraboloid of 17 x 81| in. A bale 26 in. wide and weighing about 480 lbs. is 
brought down to 7 in. in the press, and expands to 14 in. Two such bales when laid together in the 
press expand to 21 in. Of 20 bales doubled into 10 by the Champion Compress, the average weight 
per bale was 606^ lbs.; average cubic contents per bale, 12 ft. 1^ in.; average weight per cubic foot, 
42.22 lbs. The British steamship Kensington was loaded at New Orleans in 1878 partly with doubled 
bales, and carried the largest cargo per registered ton ever taken from an American port Her net 
registered tonnage was 908 tons, and her cargo consisted of 4,976 bales, equal to 6.48 bales and 
2,646 lbs. per ton register. 0^ this cargo, 2,990 bales were doubled, 1,662 were compressed by the 
Champion, using the tie and band-tightener above described, and 824 bales were from other presses. 
Tight compressing insures the delivery of cotton at the port of destination in better order, and re¬ 
duces the cost of stowage. The Kensington’s cargo was stowed for 40 cents per bale, the customary 
charge being at the time 60 cents. 

The average width of bales received at the Gulf ports is about 82 in., while at the Atlantic ports 
it is about 26 in. It will thus be seen that, with presses of the same power and the use of the steam 
bale-band tightener and self-locking tie, vessels from the Atlantic ports should carry about 20 per cent, 
more pounds per registered ton than from the Gulf ports. This important fact may eventually in¬ 
duce planters to adopt a uniform size for boxes of plantation presses, as recommended by the Na¬ 
tional Cotton Exchange.* 

STEAM-ENGINES. See Engines, Proportions of Parts of ; Engines, Steam—Hoisting, Marine, 
Portable and Semi-Portable, Stationary (Reciprocating and Rotary), and Unusual Forms of. 

STE AM-HAMMER. See Hammers, Steam, Direct-Acting. 

STEAM-HEATING. See Heating by Steam and Hot Water. 

STEAM-PUMP. See Pumps, Steam. 

CTE AM-TRAP. See Heating by Steam and Hot Water. 

STEEL. Modem steels have, by reason of their new compositions and characters, so far outgrown 
the old definitions of iron and its compounds, that scientific societies, and even governments, have 
endeavored to established a new and suitable nomenclature. In another part of this article, when 
we have examined these new characters and their causes, we can more satisfactorily consider the 
terminology. 

L The Adaptation of Iron to the Useful Arts. —Iron in a pure state would be too soft and weak 
for most purposes of the arts. At the same time too much impurity impairs its useful qualities. 
Yeiy small amounts of those impurities which necessarily associate themselves with iron during its 
manufacture largely change its physical character; for instance, adding 1 per cent, of carbon to 
soft wrought iron or steel will double its tenacity, and one-half per cent, of phosphorus will make 
the product too brittle for most uses. Thus the first problem in the adaptation of iron to the useful 
arts is to regulate its impurities, or rather its strength-giving ingredients. Iron ore must first be 
freed from its chemically mixed oxygen. This is done by subjecting it at a red heat to carbonic 
oxide; the mechanically mixed earths may afterward be expelled by compression at a welding heat, 
or by fusion. The ** direct process ” operates on this principle, but not yet in a large way with com- 
mer^l success. Therefore the blast-furnace (see Furnaces, Blast) must be the starting-point. The 
blast-furnace also removes oxygen; but in oirier that the iron shall be got with rapidity and slight 
loss, and in order that the mechanically mixed impurities may be removed from it by difference of 
gravity, the whole product must be fu^. To be fused at a practicable heat, the iron must have 
8 to 6 per cent, of carbon; this it gets from the fueL But at this temperature it takes up also 
phosphorus and sulphur if these are present; and the ores of other metals which are mixed with the 
iron ore are also more or less smelted, thus giving the iron almost always 1 to 8 per cent, of silicon, 
also manganese, chromium, etc., in varying quantities. 

So far in our inquiry the problem of regulating impurities is but partly solved. The blast-furnace 
makes a product—cast iron—which is of great value, because it can be easily melted and run into 
moulds; but the blast-furnace also provides the carbon and silicon which weaken the iron, and make 
it unmalleable, and unfitted for tools, boilers, bridges, rails, and many constructive uses. The next 


* Tbe foregoioff details ooncemtng the Champion Compress, hand-tightener, and tie have been contributed by John 
B. K^., frssideot of the Loolslana Cotton Tie Company, of New Orleans. 
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step is to get out these impurities; to do this we resort again to oxygen, the original impurity. 
Puddling (see Iron-making Procxsses—Puddling) is the process heretofore almost uniTersallj em- 
ployed (until we come to modem steel processes); the others are akin to it, and more oosUy. Pud¬ 
dling is removing from crude cast iron in a reverberatory furnace its carbon and silicon, down to a 
few hundredths of 1 per cent., by means of oxygen derived from the air passing through the fire, or 
usually from oxide of iron (ore) charged with the crude iron. As the iron becomes purified, it 
assumes a pasty condition. Phosphorus may also be largely oxidized and so removed at low tem¬ 
peratures. It is just beginning to be understood how much chemical affinities diange with tempera¬ 
ture. Iron will give up an impurity to the slag at one heat, and take it back at another. Paddling 
and kindred processes thus pr^uce wrought iron, which is malleable, weldable, and capable of large 
variations in physical qualities by means of the degree of condensation to wUdi it is subjected in 
rolling or hammering into merchantable shapes, and also by means of the amount of its chemical 
ingredients, chiefly carbon. When a large amount of carl^ say one-half to three-quarters per 
cent., is left in the puddled iron, it is called ** puddled steel,’’ bemuse it will harden and temper. This 
product will be further mentioned. 

n. The Naturi or Steel. —Although we now observe the poesibility of a certain control of the 
impurities (the body-giving ingredients) of iron, we still have not arrived at steel; we still lack the 
homogeneUy of phyn^ structure which gives high and uniform endurance under every sort of stress. 
The second problem is therefore not a chemical, but a structural one. Its solution is simply the 
fusion of the product. Wrought iron is made only at a pasty heat; its separately formed particles 
are not poured, but merely welded together; and although the molecules may be the same as in steel, 
the masses of molecules are separated by minute layers of imperfectly expelled slag. Wrought iron 
is therefore a bundle of iron laminae interspersed with threads and p^ets of slag—generally three- 
quarters to 2 per cent in the best iron—^which impair its continuity and strength. Steel, on the 
contrary, having been made at the temperature of fusion, flows in a fluid state into a solid cr 3 rBtalUne 
mass, from which all the slag (mechanical impurities) is expelled by the superior gravity of the 
metal. 

But homogeneity is not the only advantage which steel has over wrought iron. 1. While the value 
of wrought iron depends quite as much on the amount of compression it receives in manufacture as 
on its chemical constituents (within the usual and normal limits), the value of steel, which is already 
dense when first cast, is much less dependent upon condensation. 2. While wrought Iron Is the 
result of an oxidizing process which does not allow the retention in uniform quantities of easily 
oxidized ingredients, such as carbon and manganese, and while wrought iron is pasty when formed 
and cannot therefore become incorporated with subsequently added ingredients, steel, on the con¬ 
trary, may during its manufacture be varied by dilution and alloying, as well as by oxidatloii, and 
various ingredients may be incorporated with its fluid mass as reagents and fluxes before Its com¬ 
pletion, or after its completion, as molecular or as mechanical constituents. 8. Steel also has the 
advantage of adaptation, by means of its composition, to every variety of stress. For instance, 
while wrought iron is well adapted to make the tension members of a bridge, and not well adapted 
to resist compressive strains, steel may be made equally suitable for both purposes, by simply varying 
its body-giving ingredients. (See the section of this article on the effect of composition upon physical 
qualities, page 817.) 

Having thus observed that the production of steel depends (Ist) on the regulation of the impari¬ 
ties of iron, and (2d) on fluidity during manufacture, we have to consider the two remaining ques¬ 
tions ; (8d.) How are these conations realized in the various processes ? (4th.) In what direction and 
degree do foreign ingredients change the physical qualities of steel f 

III. Steel-making Proobssbs. —1. The Crucislk Process. —^This, in its older form, is peculiar in 
that it is not largely a process for changing the character of ingredients, but chiefly a process for 
promoting the homogeneity by fusion of alnkdy refined ingredients. It consists in melting in cruci¬ 
bles puddled iron which has l^en previously carburized by cementation, and casting the piquet into 
ingots. This cemented iron, or blister steel,” is made by subjecting bars packed in charcoal to a 
red beat for several days, according to the degree of carburization required. It was the steel of 
commerce previous to 1770, when Huntsman melted it in crucibles and produced what was, from a 
structural point of view, the first true steel. In its latest developments, the crucible process Is, 
besides, a process of dilution; but, unlike the Bessemer and open-hearth processes, it is not one of 
purifying crude iron. It consists in melting irons which are more or less decarburized and desili- 
conizi^ (wrought iron or low steel) with carbon, manganese, and other ingredients. Melting down 
highly carburh^ cemented steel produces a highly carburiz^ cast steel, quite too brittle for most 
structural uses; hence the necessity of starting for these uses with uncarburized wrought iron. The 
purification of crude iron may inde^ be done in the crucible, but it is so much more cheaply done by 
other processes that the crucible is reserved for fine steels. Here we note an important feature of 
the crucible process. It may start with highly refined and purified iron, while both the open-hearth 
and Bessemer processes start with from 20 to 100 per cent of crude iron. These processes, not being 
practically able to melt decarburized iron, require an initial fluid bath of easily melted carburbed 
or cast iron, in which to dissolve the more purified materials. But the crucible, in the concentrated 
heat of the furnace, may start with purified iron in an unmelted state. 

The foregoing analysis of the modes of producing and purifying iron enables us to determine bow 
the purest crucible steel may be made. The starting-point is ore as free as possible from phos¬ 
phorus, sulphur, and other har^ul ingredients. This, by the Catalan or some other ” direct ” process, 
is deoxidiz^ without combining the impurities; or, if the blast-furnace is employed, the ore is deox¬ 
idized at a low temperature, by ** cold blast,” so as to combine but little of the impurities. The re¬ 
sulting cast iron is then decarburized and desiliconized in a charcoal foige fire, or it is puddled at the 
lowest practicable temperature, so as to oxidize as much as possible of the phosphorus and 8llioo&. 
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It is pmedcable thus to produce a wrought iron whidi has but two to three hundredths of one per 
cent of any ingredient except metallic iron. To this very pure material carbon and the other ingre¬ 
dients required may be added in the crucible. The crucible has long had another advantage over 
other processes for making very sound steel: the metal may be held in a highly fluid state, out of 
contact with air, in the crucible, an indeflnite time after all chemical action has ceased, so that gas- 
bubbles and slag will be expelled by means of their inferior mvity; in technical phrase, the metal is 
^ dead-melted,** so that it may be cast sound. Sound casting has, however, been accomplished in 
another way, which will be referred to under The Open-Hearth Process.** 

Having thus observed the character and requirements of the crucible process, we are prepared to 
consider the means by which it is practised. The crucibles (see CauciSLi), or pots,** bold from 60 
to 80 lbs. each, and are made of clay (Stourbri^-clay pots are used in ^effield, the chief seat of 
this manufacture), or, as almost always in the Unit^ Stat^ of plumbago mixed with a little day. They 
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have to resist the highest attainable heat (4600** F.) for many hours, and also the chemical action of 
oxides and fluxes; hence they endure but for 3 to 6 charges, and are consequently a lai^ item in the 
cost of crucible steel. The pots are usually charged with the steel materials in a cold state, covered 
with a lid which at the softening heat b^mes practically air-tight, and set in a furnace. The 
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ordinary pot-fumace, or ** melting-hole/’ is a chamber large enough to hold 2 to 4 crucibles and the 
surrounding coke fire, which is urged by a powerful draught. Many, sometimes hundreds of melting- 
holes are set in a line, with a common ash-pit and flue, the waste heat usually being employed to gen¬ 
erate steam in boilers. The consumption of coke is about 8 tons per ton of steel. The Siemms 
regeneratiye gas-furnace has however reduced the combustible—^not coke, but cheap coal—^to 1 to 1^ 
ton per ton of steel, and in some cases to less than 1 ton, thus quite revolutionizing the cmdble 
steel manufacture, as it has also revolutionized other metiillurgical processes. In Figs. 4009 and 
4010 (the Siemens pot-furnace), the pots are shown in a chamber, something like the old melting- 
hole ; they are heated not by coke, but by gas burned around them. The principle and operation of 
the regenerative gas-furnace can be so much more clearly explained by means of the engravings illus¬ 
trating the open-hearth process, that they will not be further referred to here. 

Steel which is low in carbon cannot remain fluid except at a very high temperature; hence much 
delay or chilling exposure by agitation or otherwise in casting will cause not only excessive scrap, but 
unsound (because not perfectly fluid) castings. The pots must therefore be quickly lifted out of the 
furnace, and expertly tipped, so that the stream of fluid steel shall pour into the mould without 
touching or spattering against its sides. In making large castings, many pots are sucoessively 
emptied into a ladle, and from this the steel flows into the mould. The stream must be unbroken, 
BO that a great amount of labor and skill is required. Ingot moulds are made of cast iron, and will 
be further referred to. 

It will thus be observed that the crucible steel manufacture presents the highest possilnlitiet 
with regard to quality, but not with regard to cheapness. It could not have multiplied steel rails, 
ships, bridges, boilers, and machines, as other steel processes have done. 

Until a late day much mystery has been made to surround the crucible steel manufacture in Shef¬ 
field, and at such famous works as Krupp^s in Germany. But it is the simplest of processes; and 
it is now known that the great success of prominent manufacturers has been due, 1st, to exceed¬ 
ing care and skill in the selection (generally by more crude means than chemical analysis) of the 
materials used; 2d, to military discipline in the diflBcult and dangerous operation of pouring the 
contents of hundreds of pots in a continuous stream; 3d, to the knowled^ which has come by 
many tiials, of how fast and how much to heat the ingots. Large ingots (say 4 ft. in diame¬ 
ter and 40 tons in weight) are heated a week or more before hammering; but the heat is not so 
rapidly applied as to bum (harmfully oxidize) the exterior. 

The capacity of crucible steel works in the United States is about 60,000 tons of ingots per year. 

2. The Open-Hearth or Siemens-Martin Process. —The general idea of this process is the melt¬ 
ing of steel-making materials in large quantity and cheaply, by applying flame directly to them on 
the hearth of a reverberatory furnace, rather than melting them a few poimds at a time by heat 
conducted through crucibles. In practice, however, the process has developed into, not the mere 
fusion of materials, but the refinement of crude materials by oxidation during fusion, and the dUutioo 
of unrefined with refined materials. It is practically necessary to start with a bath of cast iron (10 
per cent, at least of the whole charge), in which the refined and hence refractory ingredients, such 
as wrought iron, may be easily dissolved. In order to obtain the high temperature required, an excess 
of air is admitted along with the gas, so as to insure complete combustion; hence the flame is oxidiz¬ 
ing. The bath preserves the wrought iron from excessive oxidation. Although patented in its gen¬ 
eral features in 1845, by Heath, the process made little headway until other important inventions 
(chiefly the two first mentioned) were associated with it. 1st. The Siemens regenerative gas-furnace 
gives the high, uniform, and controllable heat, without which the operation could not be economically 
conducted. 2d. The Messrs. Martin, by applying spiegeleisen (a pig iron containing about 10 per 
cent, of manganese) to the melted steel, cured the led-shortness which had been an almost fatal 
obstacle. The action of manganese will be further considered. 3d. Dr. Siemens has more lately 
introduced the ** ore process,by means of which a bath composed wholly of pig iron may be decar- 
burized. 4th. Tessii du Motay and Slade have developed ** phosphoric ” steel, which, having more 
phosphorus than carbon, and also much manganese, is good for many purposes, and is cheaply made 
out of pig iron and old iron rails. Thus, to meet the varied requirements of cost and quality, cast 
iron, wrought iron in every form (such as direct-process “ sponge,** puddle-balls, scrap, etc.), and also 
steel scrap, are used in almost every proportion, with or without ore. Having thus observed ^e nature 
and range of the open-hearth process, we may better consider its apparatus and conduct in detaiL 

The Furnace .—In the ordinary furnace the temperature is the immediate result of combustion 
alone, and does not exceed about SSOC* F. In the regenerative furnace the temperature may be 
increased above this, or up to the point of dissociation, by applying the enormous quantity of beat 
not used in the furnace to the fuel and to the air for its combustion. To do this successfully, the 
fuel must be gas. There are two systems of regeneration. The Siemens system consists in pas^ng 
the heated pr^ucts of combustion, as they leave the furnace, over vast surfaces of brick, upon which 
they deposit their heat. The entering air and gas are then passed over these hot brick surfaces, and, 
so to speak, wash off the heat from them and take it up themselves. Meanwhile the reaping pro¬ 
ducts of combustion are heating other brick surfaces, which in their tom yield their heat to &e in¬ 
coming gases. The other form of regenerator is, properly speaking, a stove, in which the outgoing 
gases pass on one side of thin conducting partitions, while the incoming gases flow along the oppo¬ 
site side, the heat being continuously transmitted through the partitions. 

The fuel is made into gas in a vessel separate from the furnace. The ordinary form of gas-pro¬ 
ducer for bituminous coal is shown in Figs. 4011 and 4012, in longitudinal and cross section. It is a 
brick chamber 7 to 8 ft. square. Coal charged through the gas-tmht hopper A is slowly burned on 
the grate B. The fire is stirred by a bar inserted at the hole C. By means of the flue 2) the gas 
enters the gas-stack, which is also the outlet of three other producers arranged around H. Thence 
the gas is conducted through brick or iron flues to the furnaces, which may adjoin the producers or 
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be hundreds of feet away. Air for combustion is usually drawn into the grate by means of the fur¬ 
nace-chimney, but blast is bednning to be introduced under the grates, in order to better control the 
rate of combustion. The coid having been lighted in the producer, the volatile constituents, chiefly 
hydrocarbons and water, are first evolved. Of the remaining 60 or 70 per cent, of carbon, that next 
the grate is burned to carbonic add, which by rising through two or three feet thickness of incan¬ 



descent carbon is changed to carbonic oxide. The gases passing to the furnace consist chiefly of 
carbonic oxide 26 per cent., hydrocarbons 10 per cent., and nitrogen 60 per cent. The producer and 
gas-flue should contain a slight excess of pressure over the atmosphere to prevent the inflow of air 
flirough crevices, and the consequent combustion and waste of gas. Placing the gas-producers below 
the furnace, or supplying them with air by a fan rather than by the fumace-chimney draught, best 



accomplishes this result. Another means of produdng such a plenum is the sheet-iron cooling tube, 
in which the gas from the stack falls toward the furnace, and is thereby cooled from 800'' or 400*^ 
down to 200^^ or 260°, thus gaining 16 to 20 per cent, in weight, which urges it forward to the furnace. 

As the regenerative furnace has become so largely used in every branch of the iron and steel manu¬ 
facture, for heating as well as for melting, a somewhat extended description of it seems warranted. 
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Tlie open-hearth form of It is shown in lon^tudinal yertical section in Fig. 4018, in cross-section in Fig. 
4014, and in horizontal section in Fig. 4015. Above the floor-line (Fig. 4014) the furnace is a rec¬ 
tangular iron box about 22 x lu ft. in plan, strengthened with buckstaves, roofed and lined with 
fire-brick, and furnished with charging-doors, like the ordinary reverberatory furnace. The sand-bed 
or hearth upon which the materials are melted rests in a heavy cast-iron basin, beneath which there is 
a free circulation of air to preserve the parts from excessive heat. By means of the spout V the steel 
is conducted to the casting-ladle. The regenerator consists of four fire-brick chambers, A', Z, if. A"', 
Fig. 4018, which are filled with a checkerwork of fire-bricks stacked loosely together, so as to present 
the largest amount of surface to any gas entering the chamber. From each of the end chambers iT AT 
two gas-ports lead up into the furnace (as shown on the right of Fig. 4018, and in plan on the right 
of Fig. 4015). From each chamber Z M three air-ports lead up alongside the gas-ports to a higher 
point in the furnace, in order to promote a more thorough mixture of air and gas. The ports thus 
form a sort of vast argand burner at each end of the furnace. The gas, air, and reversing valves and 
flues are shown in cross-section in Fig. 4014, in plan (laid over a horizontal section of the flues) in 
Fig. 4016, and in longitudinal section (laid over a longitudinal section of the regenerators) in Ilg. 
4013. The operation is as follows: Oas from the producers, regulated by the puppet-valve .B, passes 
down through the reversing valve C (Fig. 4018), which is so set as to throw it into the flue F and 
the regenerator if, where it percolates through the mass of red- to yellow-hot brickwork, and then 

passes at an equally high temperature into 
the furnace. Meanwhile, air regulated by 
the valve E is drawn through the furnace- 
chimney into the reversing valve C (Fig. 
4014), which, being set similarly to C, 
gtiides the air through the flue G into the 
regenerator X, where it is also heated red- 
hot ; and in this condition it passes up the 
port, and meets the red-hot gas at the 
mouth of the furnace. The combustion is 
instantaneous, and intense enough, if tlie 


gas is not carefully regulated, to melt down the roof of the furnace. The flame is thrown down by 
the roof upon the bath of met^ in the hearth; thence it passes down the ports R 8 (Fig. 4015) into 
the two regenerators if A^ (Fig. 4018), which absorb its heat, and thence it escapes through the fines 
under the two reversing valves, and into the diimney-flue A A’, After 20 or 80 minut^ the two 
left-hand regenerators having been somewhat cooled by the ingoing air and gas, and the two right- 
hand regenerators having been highly heated by the outgoing products of combustion, the valves 
C C are reversed by means of the handles, when immediately the currents begin to move in the 
opposite direction. 'Hie gases pass into the furnace ai R 8 and out through the regenerators K L. 

The early open-hearth furnaces held but 8 tons of metal; 6 to 7 tons is a common capacity, but 
the newer furnaces hold 10 to 12 tons, and 18-ton furnaces are in use. Greater facility and economy 
so far follow increased size, and the limit seems to depend largely on the quality of the refractory 
materials which have to hold safely such great fluid masses at excessive temperatures. The side 
walls, ports, and roofs are usually built of silica-bricks, made by sticking together nearly pure silica- 
sand by means of 1^ per cent, of lime. A roof will last from 75 to 200 heats, according to the tem¬ 
perature. The furnace-bottoms are also of silica-sand, baked in layers, and are repaired after each 
beat by adding sand where required. 

The Process. —(1.) In the scrap process,’* the furnace having been highly heated, the p^ iron is 
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chaiged and melted, and the scrap or uncarburized material is then added, a little at a time; some¬ 
times the latter is preheated in an auxiliary furnace before it is charged into the bath. (2.) Or all 
the materials, both pig and scrap, are charged cold together; the pig melts first, and ^rms a bath 



while the rest is heating. In this method, the scrap may be somewhat more wasted by oxidation, but 
the oxide of iron thus formed is not lost; it operates like ore in the ** ore process.** This method also 
saves the auxiliary furnace and the rehandling of the scrap. As alr^y indicated, the oxidizing 
flame purifies the crude cast Iron, the silicon burning first and forming slag, the phosphorus burn¬ 
ing slightly at this high temperature, and the carbon burning to carbomc-oxide gas, which creates a 
hvely ebullition in the bath. (See Table II. of rate of oxidation in the ore process.) 

Toward the close of the process, tests are taken. Two or three pounds of metal are dipped out and 
cast into a test ingot, the fracture and the toughness of which indicate to the expert very accurately 
the forwardness or completion of the decarburization. At the time indicated by the test, spiegeleisen 
or ferro-manganese is added, usually cold; it is rapidly melted and incorporated with the Itoth. The 
object of adeSng it is twofold. During or after the oxidation of the silicon and carbon, some iron is 
alM oxidized. The resulting oxide of iron would render the steel unmalleable; but the manganese, 
haring in a higher degree than anything else present an affinity for oxygen, removes it. Part of the 
manganese is also mechanically mixed, or molecularly incorporated, with the iron; physicists do not 
agree as to the method. 

The exact conduct of the more common scrap process, in which part of the scrap is charged with 
the pig and 'part preheated and charged a little at a time, may best be studied from the record 
in Table I. of an actual typical charge. The pig and steel scrap were quite pure; the iron rails 
had nearly one-third of 1 per cent, of phosphorus; the resulting steel had one-quarter of 1 per cent, 
of phosphorus. Ferro-manganese was used in order to add as little carbon as possible to the charge. 
In the ordinary scrap process from 5 to 7 per cent, of spiegeleisen containing 10 to 16 per cent of 
manganese is used. 

Direet-Procem Metal ,—^Excellent steel is produced from charcoal blooms made direct from the ore 
in the Catalan fire. The blooms are preheated and dissolved in the smallest practicable bath of crude 
iron. But the Catalan direct process is very expensive. Equally pure metal has been produced by 
other direct methods, some of which are cheap, but none of which are yet commercially developed. 
As the direct process is likely to be a valuable auxiliary to the open hearth, a few words may be 
devoted to its consideration in this connection. 

(1.) Dr. Siemens's direct process consists in melting ore, together with coal and limestone enough 
to reduce it, in a rotating furnace, tapping off such slag as will run, squeezing the remaining slag out 
of the ball, and charging the ball hot into the open-hearth furnace. 

(2.) Blair’s process consists in deoxidizing ores rapidly by gas and solid fuel, but without fusion, 
and then withdrawing the sponge cold, without allowing it to oxidize again. The sponge is com¬ 
pressed and charged into the open-hearth bath. 

(8.) Du Fuy’s process consists in placing the ore and carbon, together with the materials to make a 
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glass (for protecting the metallic iron as it is formed), in an annular sheet-iron canister, heating the 
canister till the ore is reduced and the slag fused, and then putting the canister and its contents into 
the open-hearth bath. A canister in the shape of a hollow ring is used for the purpose of holding 
the ore in a thin mass, so that heat will readily penetrate it, and also for the purpose of protecting 
the material under treatment from the gases of the furnace. The canister is, of course, a oostlj 
element. 

In all these processes, the impurities of the ore are not chemically combined with the iron; they 
float after fusion in the bath, or, if the product is welded up into wrought iron instead of being 
melted, the impurities will be squeezed out in the slag. 

The use of iron direct from the blast-furnace or from the cupola has not been found to facilitate 
the open-hearth manufacture: solid pig is purified while it is melting on the open hearth, and the 
purification of fluid pig appears to require as much heat and as much time. 

TKe Ore Process. —This consists in melting down a charge of pig iron together with so much ore 
that the iron in the ore shall make good the waste of pig by oxidation. The oxygen of the ore is 
the chief agent in purifying the crude iron. A little lime is put in as a flux. Usually from 10 to 
20 per cent, of steel or wrought-iron scrap is charged with the pig, because the scrap is constantly 


Charge No. ^ Table L— Showing Conduct of Scrap Process, July—, 1877. 


DATA. 

A. If. 

PJf. 

StMl Semp. 

Iron Scrap. 


(F.) L. 8. No. 2 pig.charged at 

TImt. 

6.20 

LU. 

2,682 

Lb*. 

Lta. 

Lte. 

(G. N.) Steel aersp. “ 

6.20 

^170 

.... 


Iron rails (M. A O.), June, 1877. “ 

8.86 



710 


do. 




709 

.... 

do. “ 

9.15 



709 


do. ** 

9.30 



709 


do. “ 

9.60 



709 


do. . “ 

10.10 



709 


do. “ 

10.26 



709 


do. “ 

10.40 



709 


do. . ** 

11.00 



709 


da . . “ 

11.20 



709 


First test, nearly soft enough. 

11.80 





Iron rails. 

11.46 



’ioi 


Second test, right. 

11.66 



. • • • 

TO* 

Ferro-mangiuiese, 68 per cent iron. 

12.06 




Totals. 


2,682 

8,170 

7,800 

78 

Oast at.. 

12.16 

18.66 p.c. 

28.86 p. a 

67.48 p. a 

.86p.c. 1 


Duration. 

Total charge. 

Ingots (86.9 per cent). 
Berap (9.8 per cent.)... 
Waste (8.8 per cent).. 


11.800 

1,268 


. 5h. (Vm. 
.. lAd77Ibs. 

} * 
819 “ 


Table II.— Analyses at different Periods of the Ore Process, 


SAMPLES TAKEN— 

Carbon. 

Snieoa. 


When pig was melted. 

One hour later—. 

Two hours later. 

Three “ “ . 

Four “ “ . 

Five “ “ . 

Six “ . 

Seven “ “ . 

PraCant. 

1.90 

1.80 

1.70 

1.66 

1.60 

1.10 

.60 

.20 

P«r CnL 

.67 

.288 

.188 

.060 

Manganese and 

PWOrat. 

1.140 

.876 

.200 

.080 

silicon eomplati 
^Hie. 


accumulati^, and because it somewhat shortens the process. Pig alone can be, and often is, treated 
with ore. The process occupies 10 or 12 hours. For a 6-ton charge of pig and scrap, 80 cwl of an 
ore containing say 60 per cent of iron is put into the bath, a little at a time. The analyses in Table 
n. show the rate of oxidation of the chief impurities. 

The rapid burning of the silicon forms upon the bath a slag, which, being thickened by the me¬ 
chanical impurities of the ore, bubbles sluggishly, and increases in frothiness and rolume. When 
the bath gets hotter, and carbonic oxide is rapidly eliminated from the burning carbon, the slag gets 
more fluid and dense, and commences vigorous ebullition. When this begins to cease, and the tests 
also show the complete oxidation of the carbon, spicgeleisen or ferro-manganese is added, according 
to the character and temper of the metal required. The ore process is, in fact, puddling carried on 
at a fluid instead of a pasty heat. It makes homogeneous steel instead of lanoinated wrought iron. 
But less phosphorus is oxidized at this high temperature than in the puddling process; therdore pig 
with a suitable amount of phosphorus must be used. The elimination of phosphorus by puddling at 
low temperature may however be utilized in the open-hearth process by dissolving puddle-balls tbns 
made in the bath. 

Ore is sometimes used in the scrap process, to facilitate decarburization. Its reactions tend to in¬ 
crease the temperature of the bath, but it should be previously heated, so as to take up as little heat 
as possible from the bath. 
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The Pemot Furnace .—In France, M. Pemot has for some years experimented upon, and has recent¬ 
ly brought to a high state of efficiency, an open-hearth furnace with a revolTing hearth, by means of 
which the mechanical agitation of the bath (due to the rotation) is made, as in the Bessemer process, 
to facilitate the chemic^ reactions. This furnace makes about 3^ heats from cold materisds in 24 
hours, and is very economical of fuel The product of the stationary hearth is from 2 to 2^ heats 
from cold materials in 24 hours. A cross-section of the Pemot furnace in its latest form is shown 
at Cj Fig. 4016. The regenerator is similar to that of Siemens, previously described. The hearth 
is shown as run put for convenient repairs at C'. A plan of the apparatus is shown in Fig. 4017, 
where D represents a steam-engine which gives the hearth, by means of gearing, a constant rotation 
of about 3 revolutions per minute. 

Figs. 4016 and 4017 also show a recent arrangement of an open-hearth plant, which may have 
cither rotating or stationary hearths. Fig. 4017 shows in plan a Pemot hearth C, with its ports A. 
The spiegeleisen, or any stock that is to be preheated, is treated in the auxiliary furnace and 

4016. 
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thence charged into the steel-furnace. When ready to be cast, the steel is tapped by means of the 
spout 8 into the ladle and thence nm into the ingot-moulds, a group of which is shown at J. The 
crane O removes the ingots and replaces the moulds in the casting pit. Hie an oven for heating the 
distributing apparatus, upon which a group of ingot-moulds are set to be filled from the bottom. 
Two open-hearth furnaces are set at the right of the auxiliary Fig. 4017; then an auxiliary, and 
so on, as required; so that one auxiliary serves two steel-furnaces. There are also a ladle-crane 
and an ingot-crane for each steel-furnace. 

Making Large Ingote .—While small ingots—100 lbs. or less—are usually cast in split moulds, so 
that they can ^ easily removed, a large ingot is poured into a solid cast-iron mould ; its shrinkage 
is so great that it easily slips out of the end of a mould which has a slight taper. Ingots up to 40 
or 50 tons weight, containing the metal of half a dozen open-hearth furnaces or Bessemer convert¬ 
ers, are cast by means of an intermediate ladle holding 20 or 30 tons, which sits over the mould, 
and also a system of steam or hydraulic cranes and of ladles moved about on wheels. The contents 
of two or three furnaces having been put by the smaller ladles and the cranes into the intermediate 
ladle, the latter is tapped by means of a fire-brick nozzle and stopper in its bottom. ^ While the 
steel is running out of it, the contents of the remaining steel-furnaces are poured into it. All this 
is easy with proper machinery and discipline. It is not done in the United States as yet, because 
there has been insufficient call for large products to warrant the cost of plant. The largest ingots 
made here are those cast from a single furnace or converter by means of the single ladle, as shown in 
the accompanying open-hearth and Bessemer engravings. Ingots for rails and for bars generally are 
in the best practice made from 1 to 2 tons weight, ** bloomed ’’ in a heavy rolling-mill, and then cut 
up to be rolled or hammered into smaller shapes. This treatment saves scrap and improves quality. 

Sted CoMtinge .—The Terrenoire Ck)mpany, in France, have developed the manufacture of sound 
steel castings which have as high a specific gravity as rolled steel, as well as the strength and phys¬ 
ical properties generally of rolled or hammered steel of equal hardness. Although steel castings 
arc more or less successfully made elsewhere by means of manganese and silicon, the Terrenoire pro¬ 
cess is original in following a scientific order of chemical reaction of silicon and manganese, the ob¬ 
ject being to partly prevent and partly remove the causes (chiefiy the reactions of oxygen) which in 
ordinary steel produce unsoundness and want of solidity. It would be impracticable to further de¬ 
scribe this important manufacture within the limits of this paper. 

Production .—^In 1878 there were but 22 open-hearth furnaces in the United States ; the largest 
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8. Ths Bissimir Process. —^The apparatus is illustrated by the following engravings, and will be 
more fully described. The process is the oxidation of the carbon and silicon in melted, crude cast 
iron, so as to make it malleable, by means of air-blasts. This definition to some extent describes 
puddling and the earlier processes of making malleable iron. In all these processes the air oxi<Bzes 
a portion of the iron, and the oxide of iron thus formed undoubtedly oxidizes a part of the carbon 
and silicon. In puddling, however, the mixture of the oxidizing agent, so that it may come in con¬ 
tact with all parts of the iron successively, is promoted by stirring the melted iron by manual power; 
but so slow is the process, and so small are the masses that can be treated by a workman, that not 
even the heat of the combustion thus promoted, nor even the additional heat of the burning coal, 
can keep the iron fiuid when deprived of its carbon. The purified iron is withdrawn in a plastic con¬ 
ation, mixed with slag. The radical and essential difference between this process and the Bessemer 
process is a mechanical difference, and it consists in the intense and violent stirring of the Bessemer- 
ized iron. To this alone is due the production and maintenance of a temperature, without any other 
fuel than the carbon and silicon contained, that keeps the metal fluid, so that it can be cast into 
homogeneous, malleable ingots. In puddling, the iron is agitated by the power of one man; in Bes- 
semerizing, it is tom into spray by a 500-horse engine. In the one case, it is stirred by a single iron 
bar; in the other, it is pierced by innumerable bars of air, penetrating every part, and enveloping 
every atom of iron in an atmosphere of oxidizing material. The combustion ^us takes place, not 
in successive sections of the mass, but throughout the whole of it at once, and in the shortest possi¬ 
ble time; and the heat arising from such combustion has not time to escape from the mass until 
purification is completed. 

The Bessemer process, as first performed, and as still practised to some extent with irons contain¬ 
ing 4 to 5 per cent, of manganese, consists in blowing the iron until all the carbon is exhausted, ex¬ 
cept what is wanted in the product. This point is determined partly by spectroscopic observation of 
the carbon lines of the converter flame. Some slag is also taken out of the converter, cooled, and 
broken; its color indicates the state of the bath. Globules of metal found in the slag are also ham¬ 
mered ; their malleability when cold is a further indication. The manganese is not all burnt out; 
enough remains to prevent the formation of oxide of iron in sufficient quantity to make the product 
red-short The more rapid and convenient method is to blow the iron until all the carbon is exhaust¬ 
ed ; this point is obvious from the sudden dropping of the flame. This full blowing, however, pro¬ 
duces oxide of iron, which would make the product unmalleable, and hence it must be removed by 
putting in manganese to take up the oxygen, just as in the open-hearth process already described. 
Silicon, in oxidiung, heats the charge much more than carbon does, because the products of the for¬ 
mer remain in the converter, while those of the latter go off in gas. In order that the charges shall 
work uniformly, it is important to have the silicon uniform in amount. Charges may be too hot or 
so cold as to chill while being cast. Manganese beats the charge like silicon, but to a less depee. 
(See following remarks on the direct process.) Up to the invention of the Thomas and Gilchrist 
method of dephosphorizing ores, mentioned farther on, no phosphorus was removed by the Bessemer 
process. This material is possibly oxidized at the low starting temperature, but at the finishing heat 
the iron has the highest affinity for it, which may be readily satisfied as the slag and iron are l^iling 
together. 

Table III. gives analyses of various kinds of ** Bessemer pig,** which are also suitable for the open- 
hearth process. Table IV. gives analyses of the metal at different periods of the Bessemer process. 


Table m. —Avmigt Andlyui of Bmemer Pig Iront, 


QRADES. 

Cwboo. 

Saieoa. 

FiuMphocu. 

Sulphur. 

Mungunws. 

Swedish. 

4.TO 

.77 

.027 

Trace. 

4.60 

Crown Point, N. Y. 

4 

• 

.032 

.08 

.06 

CnmberUuid^ England. 

4 

8 

.050 

.02 

Trace. 

1 L^ke Snperlor charcoal. 

8.60 

2 

.180 

.02 

.40 

Le Crensot, Franca, from African ores. 

4 

2 

.05 

.04 

4 


Table FV. —Chemical Changee during the Bmemer Operation, 


ELEMENTS. 

1 (Iron). 

2 

8 

4 

6 (Bteel). 

Graphite. 

Combined carbon. 

Fw C«bU 

2.0T 

1.20 

Per Cuak 

9.17 

Pur Cmt. 

1.55 

Fw OcBt. 

iow 

Per Cunt. 

!5M 

SUIeon. 

1.969 

.795 

.685 

.020 

.080 

Ilsnmese. 

Snlphnr.. 

.086 

Trace. 



.809 

.014 

Trace. 


!667 


PhMpboms. 

.048 

.051 

iOM 

OopPW'-. 


.... 


.... 

.089 


No. 1. Original pig iron. 

“ 2. Metal and slag taken at the end of first period (6 minutes); 

“ 8. “ “ “ ** of the boil (12 minutes). 

“ 4. “ “ “ “ of the blow. 

** 5. “ “ “ after addition of spiegeleisen. 

Apparaiue, —Figs. 4017 a and 4018 show respectively a ground plan and a cross-section of an Ame^ 
ican Bessemer plant of the best type. The pig iron and the fuel to melt it are hoisted by hydraulic 
lifts TT^ charged into one of the cupolas i, melted, and tapped out into one of the ladles N, In 
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case the direct process (which will be further described) is used, the ladle from the blast-fnmaoe U 
hoisted up, as shown, between the cupola ladles. From the tipping-ladle the metal is poured down 
one of the spouts P and the jointed spout R into one of the yessels or converters A B, The vessel 
B is shown in section; it has a silica lining about a foot thick, and a perforated brick bottom through 
which the air is blown when the vessel is turned up as in Fig. 4018. The blowing engine for a pair 
of 7-ton vessels works up to 600 horse-power. The vessel is rotated on its trunnions by a hydraulic 
rack and pinion. The spicgeleisen is melted in one of the cupolas if J/, and tapped into the vessel 


at the termination of the blowing. The ladle-crane C and the three ingot-cranes D are used as in 
the open-hearth plant. The ovens G G employed to dry the vessel-bottoms and the bottom- 
casting apparatus. The hydraulic cranes and hoists are actuated by a pumping engine working at 
300 to 400 lbs. per square inch water-pressure. The water is distributed by means of valves wWch 
are worked from the “ pulpit ** E, 

Figs. 4019 and 4020 give sectional views of the converter in two positions. Fig. 4021 is a plan of 
the converter with the rotating machinery. The ladle into which the steel is poured from the con¬ 
verter is shown in Figs. 4022, 4028, and 4024. Fig. 4022 is a vertical section of the ladle-crane and 
elevation of the ladle. Fig. 4028 shows the platform on which the ladle moves, and Fig. 4024 U a 
partial section through the ladle, showing the loam-coated rod which acts as a stopper in pouring. 
By this latter arrangement the steel is discharged in a regulated stream, and the cinder remains on 
top. The steel is usually cast in ingots about 5 ft. long and 14 in. square at the base (tapering from 
1 to 1^ in.), each ingot ^ing rolled into two or three rail-blooms. When the steel is intended for 
other purposes than rails, moulds of special forms are used. To obviate the occurrence of air-bubbles 
in the steel, caused by the falling of the stream from the top to the bottom of the mould and spatter¬ 
ing against the sides, bottom-casting is employed ; that is, pouring the steel down a central sprue and 
causing it to enter the bottom of several moulds at a time through fire-clay distributors. 

The large production of American works (which will be stated farther on) is due to the arrange¬ 
ment which provides large and unhampered spaces for all the principal operations of manufacture 
and maintenance, while it at the same time concentrates these operations. The result of concentra¬ 
tion which is realized is the saving of rehandling, and of the spaces and machinery and cost re¬ 
quired for rehandling; a possible result of oonoentration which has been avoided is the interferenoa 


Digitized by ^ooQle 







































STEEL. 


816 












816 


STEEL. 



of one machine and operation with another. At the same time a degree of elasticity has been intro¬ 
duced into the plant, partly by the duplication and partly by the interchangeableness of important 
appurtenances, the result being that little or no time is lost if the melting and converting operations 
are not quite concur¬ 
rent, or if temporary 
delays or failures oc¬ 
cur in any depart¬ 
ment of manufacture 
or maintenance. 

The method of re¬ 
moving the phospho¬ 
rus from iron in the 
Bessemer converter, 
thus enabling the 


4019. 



Cleveland and other phosphoric ores to be used commercially in the manufacture of steel, is de¬ 
scribed by the inventors, Messrs. Sidney 0. Thomas, F. C. S., and Percy G. Gilchrist, F. C. S., in a 
paper read before the British Iron and Steel Institute in 1879. (See Eitgineering^ xxvlL, 877-424.) 
It has already been pointed out that at the conclusion of the B^semer process 
whatever phosphorus there is in the iron remains there, and that it has hitherto 
been found impossible in the Bessemer converter to remove it. The slag is of a 
silicious or acid nature, and offers no means of escape to the phosphorus, because 
phosphoric acid in its nascent state, unless it has a strong base to unite with, 
relapses to its original condition, and remains combined with the iron as a phos¬ 
phide. Messrs. Thomas and Gilchrist recognized the fact that, so long as there 
was an acid slag in the Bessemer converter, the removal of the phosphorus there 
would be an impossibility ; and they contemplated the substitution for this add or 
silicious slag of a calcareous or magnesian basic slag. Such a slag would afford a 
base with which the nascent phosphoric acid could combine, and thus enable it to 
be eliminated from the iron. This, it was seen, could be done; but then came 
the difficulty with the lining. A ganister lining, being silicious or acid, would be 
eaten away by a basic slag, and the latter would be itself neutralized at the same 
time; so that to render the contemplated action of the basic slag possible, a basic 
lining also had to be provided. The inventors, after considerable investigation, 
finally discovered that an excellent brick could be made out of magnesian lime- 


40Qa 


stone, containing from 6 to 8 per cent, of silica, 3 to 4 per cent, of alumina, and 
1 to 2 per cent, of oxide of iron, by firing it at very high temperature, ordinary 
fire-brick-kiln temperatures being insufficient. With this the converter is lined, 
and also in the latter, before the molten metal is nin in, 4s placed a certain quan¬ 
tity of lime in proportion to the silicon in the iron (usually 20 per cent.), of 
which the influence on the slag has to be neutralized. The metal is then run in, 
and the blowing is continued 2^ to 3 minutes after the carbon is gone, the phos¬ 
phorus meanwhile protecting the iron from oxidation. Most of the phosphorus is oxidized during this 
^ after-blow.” Spiegeleisen is then put into the converter, and the metal is run out into ingots or 
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castings in the usual way. It is found that for good working the slag resulting from this treatment 
should contain not less than 83 per cent, of lime and magnesia, while it generally contains over 40 
per cent, and under 20 per cent, of silica. In contrast to this, it may be stated that the ordinary 
Bessemer or Siemens slag contains from 1 to 5 per cent, only of lime and mag¬ 
nesia, and over 40 per cent, of silica. 

Tht Direct Process ,—The direct use of blast-furnace metal in the Bessemer 
converter without remelting has for some years been successfully employed in 
lYance, Belgium, and elsewhere, with pretty uniform irons, containing some 5 per 
cent, of manganese. The oxidation of this large amount of manganese and of a 
small amount of silicon makes the charge hot enough to cast without an excess 
of scrap. At the same time, any remaining manganese becomes a useful ingre¬ 
dient in the steel. In fact, with such irons the blowing is in some works stopped 
(by means of slag-color tests above mentioned) while the charge still retains 
enough carbon and manganese to constitute the desired grade of steel, and no 
more is added. The direct use of blast-furnace metal in Great Britain, from the 
native and foreign ores which are best obtainable there, and which do not contain 
much manganese, has been practised for a shorter period, and with less marked 
(although substantial) success. In the absence of manganese, the necessary heat 
is generated only by means of an excess of silicon, and highly siliconized irons 
have a tendency to make a brittle product, for reasons which are not as yet perfectly understood. 
The direct process has but recently been tried in one American works. 

Production ,—There are (1879) 22 Bessemer converters of 6 to 8 tons capacity each in the United 
States, 2 each in 11 works. Their aggregate capacity is 900,000 tons of ingots per year. The 
number of converters in Great Britain, and also the number on the Continent of Europe, is much 
larger; but the production per vessel is considerably greater in the United States. It may be stated 
generally that the average output of a pair of vessels in the United States in 1876 was 226 to 260 
tons of ingots per 24 hours, and that such plants are now producing about 850 tons of ingots in 
24 hours. The largest output of any British works is about 200 tons out of a pair of 7-ton vessels 
in 24 hours. The product of the best Belgian works is about the same. In all the foreign works 
which make a large output, the arrangement which distinguishes the American plant has been more 
or less adopted. 

Comparison of the Open-Hearth and Bessemer Processes ,—^The open-hearth process presents these fa^ 
vorable conditions: It allows a more complete elimination of impurities; the necessary heat is not de¬ 
pendent on the proportion or regularity of silicon and manganese in the pig iron; hence, and because 
it may use ore and old iron of inferior quality, its materi^s may be very cheap ; at the same time, 
with the best materials and with the accurate means of test and control which the operation furnishes 
at all stages, it may produce very fine and very uniform qualities of steel, of every degree of temper 
and adaptation. The Bessemer process is at present the cheaper one, and the cost of plant is equally 
cheap per ton of product. With good and uniform irons it produces many grades of excellent steel; 
but facilities for tests and control are inferior, and it is less adapted to wide ranges of products. 

IV. The Ingredients op Steel and their Eitkct on Physical Qualities. —Table V. gives the 
analyses of a variety of steels, from hard and excessively brittle tool-steel down to soft boiler-plate 
steel, which will bend double cold without fracture. The elements in many steels are quite differ¬ 
ently grouped, but the table gives a good idea of general practice. 

There are Wr principal hardening or body-giving elements, viz.: carbon, phosphorus, silicon, and 
manganese. These promote resistance to all kinds of statical strains, and they give a high resilience 
and elastic limit; but they impair ductility and toughness. The best results for all purposes, how¬ 
ever, are obtained by associating some hardening element; steel could be made so pure as to impair 
its value. Carbon is the most effective of ail the hardening elements. It not only increases tenacity 
and elastic limit, but it imparts the power of hardening and tempering. Suddenly cooling highly 
carburized steel from a red heat “ combines ** all the car&n, or gives it a molecular relation to the 
iron which promotes hardness. Heating and slowly cooling the same steel, from a red heat, brings 
the carbon to a graphitic state, mechanically mixed with the iron, the result being softness and in¬ 
creased ductility. 

Table V .—Analyses of Steel, 
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grades. 

Carbon. 

SUloon. 

Pho«- 

phorm. 

Solphor. 

MaagancM. 

BEMAaKS. 

High tool-steel. 

Low tool-steel. 

Low machinery steel 

1.00-1.26 
.76- .80 
.17- .18 

Tff 

.01-.02 
.oi-.oa 
.01-.02 

Trace. 

Trace. 

Trace. 

.20- .26 
.17- .20 
.04- .05 


These crucible steels were all made from 
the same ezcellent wrought iron, the at¬ 
tempt being to vary carbon and have 
the other elements uniform. 

Boiler-plate steel... 

.10- .11 

.01-.02 

.04-.05 

.02-.08 

.19- .20 

Open-hearth, from charcoal blooms. 

Rail-steel. 

.86- .40 

.06-.08 

.10-.12 

.04-.00 

.46- .65 

Bessemer, from first-class pig. 

Swedish plate steel.. 

.086 

.oos 

.026 

Trace. 

Trace 



“ gun-barrel steel 

.26 

.086 

,025 

Trace. 

.£84 


y Bessemer. 

** turning tools... 

1.06 

.067 

.028 

Trsce. 

,256 


Open-hearth, from 60 per cent, old Iron 
rails made fair merchant bars. 

Phosphoric steel... 

.10- .12 

.01-,06 

.24-.80 

.06-.09 

.87- .62 









Rail-steel made at Terrenoire from old iron 

U u 

.12- .18 

.08-.04 

.20-.28 

.10-.18 

.75- .80 

■< 

rails. Has 70,000 to 60,000 lbs. tenacity 
per sq. in., and 16 to 24 p. c. elongation. 

Manganese steel_ 

.29- .81 

.06-.06 

.09-.11 

.06-.07 

1.00-1.10 


Bessemer. Has 96,000 to" 112,000 lbs. te- 
nsclty and 15 to IS per cent elongation. 

Bteel castings, hard. 

.60- .66 

.84-.89 



.89- .94 


Terrenoire. Projectile steel. 

•* “ soft.. 

.18- .2 ) 

.20 .26 



.45- .65 


“ Bends doable cold. 
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Table YI. shows the amount of carbon in Tarious well-known irons and steels. Table VII. shows 
the tenacity and elongation due to various amounts of carbon, the other hardening elements being 
uniform and medium in amount. 

Table YI .—Carbon in Steels and WrouglU Irons, 


Very soft puddled iron, chain-cables, armor-plates, etc.0.01 to 0.03 

Swedish bar iron..0.08 to 0.88 

Iron boiler-plate.0.09 to 0.19 

Iron rail (usually with one-third to one-half per cent of phosphorus).0.09 to 0.16 

Steely iron, or puddled steel.0.80 to 0.60 

Very soft Bessemer steel.... 0.08 to 0.04 

Extra-soft Swedish Bessemer steel.0.07 to 0.08 

Bessemer and open-hearth boiler-plate.0.10 to 0.20 

Steel rails and tires.0.80 to 0.60 

Steel for masons^ tools. 0.60 to 0.70 

Steel for cutting tools.0.76 to 1.00 

FUe steel. 1.16 to 1.20 


Table VII.— Percentages of Carbon^ Tenaciiy^ and Elongation. 


carbon. 

BrMklng Load, Lbi. par Sqnara bub. 

Eloncatioa, Fw Genu 

.05 to .15 

67,000 to 69,000 

25 to 80 

.15 to .88 

69,000 to 80,000 

20 to 25 

.88 to .82 

80,000 to 104,000 

10 to 20 

.62 to .88 

104,000 to 126,000 

6 to 10 

.88 to 1.12 

126,000 to 150,000 

6 


Phosphorus slightly increases tenacity and raises the elastic limit of steel; but, in a higher degree 
than carbon, it decreases ductility and promotes littleness. It also impairs malleability. A large 
amount of (Auction or compression in the manufacture from ingots to bars, improves phosphoric 
steel much more than it improves ordinary steel. High phosphorus and high carbon make steel very 
brittle. Phosphoric steels are always kept low in carbon. 

Silicon is little understood. Certain experiments and practice seem to show that it does not very 
much affect steel, but that its oxide, silica, is the disturbing cause. The general opinion is that it 
has the effect of phosphorus in a lower decree. 

Manganese is an important element. We have seen that its great affinity for oxygen enables it to 
reduce the oxide of iron which makes all steel red-short after purification by oxidation. As an in¬ 
gredient in steel, it is held by most experts to promote (within certain limits) sound casting, mallea¬ 
bility, toughness, and strengths of all kinds. Other experts believe it to be simply a mechanical and 
not a molecular ingredient, and hence of limited value. It is true that manganese seems to impair 
the quality of steel for some special U8es,^but on the whole it may be considered as a valuable ingre¬ 
dient. The makers of phosphoric steel l^eve that it neutralizes the mechanical effects (chiefly brit¬ 
tleness) of phosphorus. 

Other elements affeet the behavior of steel. Chromium and titanium arc believed to act in some 
degree like manganese, but to be more effective as hardening elements. Aluminum also is recognized 
as a hardening element. These and other metals occur so infrequently in ordinary ores that th^ 
have not been largely studied. CHiromium, titanium, and tungsten are sometimes artiflcially incor¬ 
porated with steel. 

Sulphur does not affect the useful qualities of steel structures, but it impairs the malleability of sled. 
When much above one-tenth per cent, is present, the steel is liable to cradc in rolling and forging. 
The same m^y be said of copper, which however seems to affect welding more and mdleability le—- 
Nickel and cobalt are often present; their effect on strength is not yet traced. 

It should be remarked here, that while the inexpert reader may wonder at the limited knowledge 
of steel-makers about the effects of these metals and metalloids, the expert reader, knowing the diffi¬ 
culties of arriving at this kind of conclusion, will the more wonder at the progress in diemistry and 
in metallurgy generally, which has given us what little clew we have got to the relations between 
chemical ingredients and physical qualities in iron and steel 

V. The Nomenclature of Iron and Steel. —Before there were any soft steels, and the existing 
hard steels were used only for tools, the capacity of the material to harden by sudden cooling was 
very naturally its defining quality. But this capacity is not confined to cast steels; puddM iron 
carburized by cementation, and also incompletely puddled iron (called puddled steel), will harden 
equally well per unit of carbon. Cast steel, however, has an equally conspicuous quality, which is 
confined to it exclusively, and which puddled irons, however much carburiz^ do not share with It, 
viz.: homogeneity due to fusion. For tool-steels this is a very important quality; for structural steeb 
it is the all-important one, while capacity to harden is of minor importance: in fact, many Btnmtiira] 
steels should have an incapacity to harden. Moreover, capacity to harden in both the cast and the 
puddled product is high when carbon is high; it decreases as carbon decreases, and it abeolutely 
ceases when carbon is low, as for instance in boiler-plate steel. 

Such being the facts, the late controversy about nomenclature turned on these questions: Shall the 
term steel be applied, as of old, to all compounds of iron that will harden, whether they are cast or 
puddled, and the term wrought iron be applied to those that will not harden ? or shall the term steel 
cover all compounds of iron which have been cast from a fluid state into a malleable mass f The lat¬ 
ter definition was, for obvious reasons, the more reasonable and convenient. But it was not deemed 
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sufBdently oomprehensiye, espedallj in Europe. During the Centennial Exhibition, an international 
committee was appointed by the American Institute of Mining Engineers to propose a better nomen¬ 
clature. The following was recommended: 

1. That all malleable compounds of iron with its ordinary ingredients, which are aggregated from 
pasty masses or from piles, or from any form of iron not in a fluid state, and which will not sensibly 
harden and temper, and which gencrdly resemble what is called wrought iron,” shall be called 
wdd-iron (German, Sehweiateiaen ; French, fer 90udi), 

2. That such compoimds when they will from any cause harden and temper, and resemble what is 
DOW called ** puddled steel,” shall be called wdd^ed (German, Seliweitutahl; French, aeier 9(mde\ 

8. That all compounds of iron with the ordinary ingredients, which have been cast from a fluid 
state into malleable masses, and which will not sensibly harden by being quenched in water while at 
a red heat, shall be called ingot iron (German, Fluneutn ; French,/er fondu\ 

4. That all such compounds, when they will from any cause so mirden, shall be called ingot sted 
(German, Flutuiahl; French, aeier fondu). 

This nomenclature has been officially adopted in Germany, Austria, and Sweden. It is very sim¬ 
ple, but it perhaps giyes all necessary enlargement to the old terms wrought iron” and steel.” 

^ works quoted under Ibon-mxking Processes. A. L. H. 

STEPS. Bearings for the lower ends of vertical shafts. One mode of constructing them is shown 
in Fig. 4026. It was at one time the practice to turn the end of the shaft hemispherical. Steps 
were also made, to flt which the end of the shaft was bored and a pin was inserted, or the end of 
the shaft was turned down so as to terminate in a sharp, hard pivot. All of these and many other 
devices were found more or less unserviceable, and 
at last millwrights began to recognize that they 
were increasing the pressure per square inch upon 
the step to an inordinate degree, and that the ver¬ 
tical bearing should be constructed by the same 
rules of proportion that govern all others. For 
light shafts it has been found sufficient to support 
the end with a vertical pillow-block carrying in its 
lower end a flat steel step the diameter of the shaft, 
while the shaft end is also shod with hardened 
steel and cut with cross-grooves. The ball and 
socket of the pillow-block insure a good bearing be¬ 
tween the hardened surfaces, and the grooves ad¬ 
mit suflScient oil. But in many cases the diameter 
of the shaft is not enough to support the weight 
that it has to carry without incurring too great a 
pressure per square inch on the step. In such an 
event it is best to separate the two functions of the 
bottom bearing, and to prevent lateral movement 
of the shaft by a vertical pillow-block placed imme¬ 
diately above the step, whose office it then becomes 
properly to sustain the superincumbent weight. 

An excellent step for this purpose may be made as shown in Figs. 4026 aud 4027. The lower end 
of the shaft is shaped to a square, which flts loosely into a corresponding socket in a cast-iron disk 
faced on its lower side, and provided with crossing grooves EE for oil. This disk abuts against a 
similar piece of square horizontal section, turned true on top and terminating below in a convex 
surface, rocking on the bottom of the box C in which the step is contained. B is provided with a 
centre-hole, met by others drilled in from its periphery, which serve to convey oil to its centre. The 
surrounding box C is filled with oil, which finds its way into the holes i>, and is pumped up by the 
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centrifugal action of the grooves E E^ and distributed over the wearing surfaces; while the convexi¬ 
ty of the loose piece B enables it to present a perfect bearing to the fixed disk A, and its square sec¬ 
tion prevents it from turning. If the velocity of the shaft be not excessive, and the pressure per 
square inch on the step be not over 50 lbs., the durability of the step will be practically endless. 
Under this pressure the disks never touch, but are constantly kept apart by a film of oil. Steps 
thus made by Messrs. William Sellers k Co. have been found, we are informed, after 26 years’ con¬ 
stant running, still to show the tool-marks of the lathe in which the wearing surfaces were trued up. 
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In proportioning such a step) it is only necessary to divide the total weight to rest on it by 60, mul¬ 
tiply by 0.854, and extract the square root of the quotient, and the result will be the diameter required. 
Example .—To find diameter of step for a 4-inch shaft 30 ft. high, carrying 1,600 lbs. weight of 

2770 

gears and couplings; Total weight of shaft anj attachments, say 2,770 lbs.; then ^ “ 

70.63. and V 70.53 = 8.4 inches = diameter of step required. C. S., Jr. 

STONE, ARTIFICIAL. See Concretes and Cements. 

STONE-BREAKER. See Breaker or Crusher. 

STONE-CARVING MACHINE. A machine for carving panels and mouldings on stone by means 
of a diamond tool. Fig. 4028 represents an apparatus of this class, which consists of an iron frame 
holding a table which can be raised and lowered by turning the handle seen at the upper right-hand 
comer, this connecting with the screw seen under the table, while the stone to be shaped is laid on 
top. The diamond drill is connected with a vertical axis, rapidly rotated by means of the belt seen 
at the top of the machine. The universal joint, by means of which connection is made with the 
drill to this moving axis, consists of a spiral steel band, which may be turned at a right angle to the 



original axis. In the engraving the drill is represented in an oblique position, cutting a groove with 
moulding in the surface of a stone. The whole system to which the rotating diamond drill is at¬ 
tached can be moved from right to left by hand, while an automatic motion may be thrown on, mov- 
ing it forward and backward. The cross-bars giving it steadiness are provided with friction-rollert 
running at the sides, supporting guide-pieces, which are firmly attached to the uprights at the four 
corners of the frame. One of these is represented removed in order better to expose the arrange¬ 
ment of the working parts in the centre. The automatic feed, giving the forward and backward 
movement to the drill, is seen at the left; the pulley at the extreme end turns a long screw, the rota¬ 
tion of which may bo reversed by the motion of a crank ; the screw is situated beUnd two horixon- 
tal sliding bars, and works in a sliding nut attached to the drill support, which follows the motion 
of the sliding nut. 

STONE-CUTTERS’ TOOLS. (For stone-saws, see Saws.) Formerly stone-cutters* tools were 
made of iron with'steel edges ; the modem practice is to make them wholly of steeL 

The double face hammer y Fig. 4029, is a heavy tool weighing from 20 to 30 lbs., used for roughly 
shaping stones as they come from the quarry and for knocking off projections. This is used only 
for the roughest work. The facc^hammery Fig. 4030, has one blunt and one cutting end, and is used 
for the same purpose as the double-face hammer, where less weight is required. The cutting end is 
used for roughly squaring stones preparatory to the use of finer tools. The cavUy Fig. 4031, has 
one blunt and one pyramidal or pointed end. It weighs from 16 to 20 lbs. Used in quarries for 
roughly shaping stone for transportation. The jncky Fig. 4032, somewhat resembles the pick u^ 
in digging, and is used for rough dressing, mostly on limestone and sandstone. Its length varies 
from 15 to 24 in., the thickness at the eye being about 2 in. The cae or p>ene‘hammery Fig. 
4033, has two opposite cutting edges. It is used for making drafts around the arris or edge of stones, 
and in reducing faces and sometimes joints to a level. Its length is about 10 in. and the cutting 
edge about 4 in. It is used after the point and before the patent hammer. The <oofA-aie, Fig. 4084, 
is like the axe, except that its cutting edges are divided into teeth, the number of which varies with 
the kind of work required. This tool is not used in granite and gneiss cutting. The hmh-hammery 
Fig. 4035, is a square prism of steel whose ends are cut into a number of pyramidal points. The 
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length of the hammer is from 4 to 8 in. and the cutting face from 2 to 4 in. square. The points 
vary in number and size with the work to be done. One end is sometimes made with a cutting 
edge like that of the axe. The crandcUl^ Fig. 4036, is a malleable-iron bar about 2 ft. long, slightly 
flattened at one end. In this end is a slot, 3 in. long and three-eighths of an inch wide. Through 
this slot are passed ten doubled-headed points of quarter-inch squai'e steel, 9 in. long, which are held 
in place by a key. The paierU hammer^ Fig. 4037, is a double-headed tool so form^ as to hold at 
each end a set of wide thin chisels. The tool is in two parts, which are held together by the bolts 
which hold the chisels. Lateral motion is prevented by four guards on one of the pieces. The tool 
without the teeth is 5^ x 2f x H in. The teeth are 2f in. wide. Their thickness varies from one- 
twelfth to one-sixth of an inch. This tool is used for giving a finish to the surface of stones. 

All of the above-mentioned are two-handed, or require both hands of the workman to use them. 
The remaining tools to be described require the use of only one hand for each. The hand-hammer^ 
Fig. 4038, weighing from 2 to 6 lbs., is used in drilling holes and in pointing and chiseling the harder 
ro^s. llie mallet^ Fig. 4039, is used where the softer limestones and sandstones are to ^ cut The 



pUching chisel^ Fig. 4040, is usually of l^-inch octagonal steel, spread on the cutting end to a rectangle 
of i X 2^ in. It is used to make a well-defined edge to the face of a stone, a line being marked 
on the joint surface, to which the chisel is applied, and the portion of the stone outside of the lino 
broken off by a blow with the hand-hammer on the head of the chisel. The pointy Fig. 4041, is made 
of a round or octagonal rod of steel, from i in. to 1 in. diameter. It is made about 12 in. long, 
with one end brought to a point. It is used untU its length is reduced to about 6 in. It is employed 
for dressing off the irregular surface of stones, either for a permanent finish or preparatory to the 
use of the axe. According to the hardness of the stone, either the hand-hammer or mallet is used 
with it. The chisel^ Fig. 4042, of round steel of ^ to f in. diameter and about 10 in. long, with one 
end brought to a cutting edge from ^ in. to 2 in. wide, is used for cutting drafts, or marine on the 
face of stones. The tooih-chUel, Fig. 4043, is the same as the chisel, except that the cutting edge is 
divided into teeth. It is used only on marble and sandstones. The ipHtting chisel, Fig. 4044, is used 
chiefly on the softer stratified stones, and sometimes on fine architectural carvings in granite. The 
a truncated wedge of steel, and the feathers, of half-round malleable iron, Fig. 4046, are used 
for splitting unstratified stone. A row of holes is made with the drill. Fig. 4046, on the line on 
which the fracture is to be made. In each of these holes two feathers are inserted, and the plugs 
lightly driven in between them. The plugs are then gradually driven home by light blows of the 
hand-hammer on each in succession until the stone splits. 

In architectural carving, a variety of chisels of different forms arc used. For most of these no 
specific names exist, and their shapes are varied with the special work to be done. 

The foregoing article is abridged from a paper on the “ Nomenclature of Building Stones and of 
»Stone Masonry,” by Messrs. Cr^s, Merrill, and Van Winkle, in the TransacHo $ of the American 
Society of Ciril Engineer, November, 1877. 

STONE-CUTTING. (See also Masonry and Stone-Cuttcts’ Tools ) All stones used in building 
come under one of three classes, viz.: 1. Rough stones that are used as they come from the quarry; 


Digitized by t^ooole 



822 


STOVES AND HEATING FURNACES. 


2. Stones roughly squared and dressed; 8. Stones accurately squared and finely dressed. In prac¬ 
tice, the line of separation between them is not Tcry distinctly marked, but one class gradually 
merges into the next. 

Uruquared Stones^ or Bubble. —This class covers all stones which are used as they come from the 
quarry, without other preparation than the removal of very acute angles and excessive projections 
from the general figure. The term ** backing which is frequently applied to this class of stone is 
inappropriate, as it properly designates material used in a certain relative position in a wall, whereas 
stones of this kind may be used in any position. 

Squared Stones. —This class covers all stones that are roughly squared and roughly dressed on 
beds and joints. The dressing is usually done with the face-hammer or the axe, or in soft stones 
with the tooth-hammer. In gneiss it may be necessary to use the point sometimes. The distinction 
between this class and the third lies in the degree of closeness of the joints which is demanded. 
Where the dressing on the joints is such that the distance between the general planes of the surfaces 
of adjoining stones is half an inch or more, the stones properly belong to tlis class. Three sub¬ 
divisions of this class may be made, depending on the character of the face of the stone: 

(a.) Quarry-faced stones are those whose faces are left untouched as they come from the quarry. 
(b.) Pitchedfaeed stones are those on which the arris is clearly defined by a lioe beyond which the 
rock is cut away by the pitching chisel, so as to give edges that are approximately true, (c.) Drafted 
stones are those on which the face is surround^ by a chisel-draft, the space inside the draft being 
left rough. Ordinarily, however, this is done only on stones in which the cutting of the joints is su^ 
as to exclude them from this class. In ordering stones of this class, the specifications should always 
state the width of the bed and end joints whi^ are expected, and how far the surface of the face 
may project beyond the plane of the edge. In practice the projection varies between 1 in. and 6 in. 
It should also be specified whether or not the faces are to be drafted. 

Out Stones. —This class covers all squared stones with smoothly-dressed beds and joints. As a 
rule, all the edges of cut stones are drafted, and between the drafts the stone is smoothly dressed. 
The face, however, is often left rough, when the constructions are massive. In architecture there are 
a great many ways in which the faces of cut stone may be dressed, but the following are those that 
wUl usually be met in engineering work: (a.) Rough-pointed. When it is necessary to remove an 
inch or more from the face of a stone, it is done by the pick or heavy points until the projections 
vary from ^ in. to 1 in. The stone is then said to be rough-pointed. This operation preo^es all 
others in dressing limestone and granite. (6.) Fine-poinJtea. If a smoother finish is desired, rough- 
pointing is followed by fine-pointing, which is done with a fine point. It is only used where die 
finish made by it is to be final, and never as a preparation for final finish by another took (c.) Oran- 
daUed. This is only a speedy method of pointing, the effect being the same as fine-pointing, except 
that the dots on the stone are more regular. The variations of level are about one-eighth of an inc^ 
and the rows are made parallel. When other rows, at right angles to the first, are introduced, the 
stone is said to be eross-crandaUed. (d.) Axed or pene-hammert^ andpaieni-hammered. These two 
vary only in the degree of smoothness of the surface which is produced. The number of blades in a 
patent hammer varies from 6 to 12 to the inch, and in precise specifications the number of cuts to 
the inch must be stated, such as 6-cut, 8-cut, 10-cut, 12-cut. The effect of axing is to cover the sur¬ 
face with chisel-marks, which are made parallel as far as practicable. Axing is a final finish, (e.) 
Tooth-axed. The tooth-axe is practically a number of points, and it leaves the surface of a stone in 
the same condition as fine-pointing. It is usually, however, only a preparation for bush-hammering, 
and the work is then done without regard to effect so long as &e surface of the stone is snfiSdaidy 
leveled. (/.) Bush-hammered. The roughnesses of a stone are pounded off by the bush-hammer, and 
the stone is then said to be bushed.** This kind of finish is dangerous on sandstone, as experience 
has proved that sandstone thus treated is very apt to scale. In dressing limestone which is to have 
a bush-hammered finish, the usual sequence of operations is: 1st, rou^-pointing; 2d, tooth-axing; 
8d, bush-hammering. (^.) Rubbed. In dressing sandstone and marble, it is very common to give 
the stone a plane surface at once by the use of the stone-saw. Any roughnesses left by the saw are 
removed by rubbing with grit or sandstone. Such stones, therefore, have no margins. They are 
frequently used in architecture for string-courses, lintels, door-jambs, etc.; and they are also well 
adapted for use in facing the walls of lock-chambers, and in other localities where a stone surface is 
liable to be rubbed by vessels or other moving bodies. (A.) Diamond panels. Sometimes the space 
between the margins is sunk immediately adjoining them, and then rises gradually until the four 
planes form an apex at the middle of the panel. Such panels are called diamond panels, and, in the 
case described, the panel is a sunk diamond panel. When the surface of the stone rises gradually 
from the inner lines of the margins to the middle of the panel, it is called a raised diamond panel 
Both kinds of finish are common on bridge-quoins and similar work. The details of this method of 
dressing should be given in the specifications. 

The foregoing article is abridged from a paper on the “ Nomenclature of Building Stones and of 
Stone Masonry,** by Messrs. Croes, Merrill, and Van Winkle, in the Transactions of the American 
Society of Civil Engineers^ November, 1877. 

STOVES AND HEATING FURNACES. Fireplaces.— ^In private dwellings, where changes of 
temperature are so frequent, it is of great advantage to keep the warming and ventilation of the several 
dwelling-rooms independent of each other. On this account the open fireplace has always held its own 
as being the most convenient. With an open fireplace, a velocity will frequently prevail in the chim¬ 
ney of 10 ft., and in some instances of 15 ft. per second, thus causing, with a flue 14 in. by 9 in., the 
removal of from 80,000 to 45,000 cub. ft. per second. But as a rule there is no provision whatever 
made for replacing the air thus removed. The hotter we make the fire, the more heated air do we 
send up the chimney, and the more cold air do we bring in to supply its place. Careful experi¬ 
ments have shown that with an ordinary open fireplace five-sixths of the heat passes up the 
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nej. The way in which such a fireplace acts to create circulation of air in a room with closed 
doors and windows is as follows: The air is drawn along the fioor toward the grate; it is then 
warmed by the radiating heat of the fire, and part is carri^ up the chimney with the smoke, while 
the remainder flows upward near the chimney-breast to the ceiling, and, as it cools in its progress 
toward the opposite wdl, descends to the floor, to be again drawn toward the fireplace. It follows 
from this that, with an open fireplace in a room, the best position in which to deliver the fresh air re¬ 
quired to take the place of that which has passed up the chimney is at some convenient point in the 
chimney-breast, between the chimney-piece and the top of the room; for the air thus falls into the 
upward current, and mixes with the air of the room without perceptible disturbance. 

The principle of Galton^s ventilating fireplace. Fig. 4047) is derived from these considerations. 
Fresh air is admitted at the buck, where it is warmed by a large heating surface, and then carried by 
a flue, adjacent to the chimney-flue, to the upper part of the room, where it flows into the currents 
which already exist in the room. The fireplace preserves an equable temperature all over the room, 
and provides a large amount of fresh warmed air. Gen. Morin’s experiments on this ventilating fire¬ 
place showed that, with the ordinary fireplace, the heat utilized in a room amounted only to 0.125 of 
the heat given off from fuel, while in Gallon’s ventilating fireplace the heat utilized in a room rose 
to 0.856 of the heat given off from the fuel. Therefore, to pr^uce the same degree of warmth in a 
room, Gallon’s fireplace requires only one-third of the quantity of coal required -by an ordinary 
fireplace. It may be laid down as an axiom that every ^place should 
be furnished with some means of admitting fresh warmed air. 

Fireplacx Heaters. —Fireplace heaters originated in the so-called 
Latrobe stove in Baltimore, Md.; and one of the earliest American 


4049. 


4048. 


patents for this mode of warming was that granted to S. B. Sexton 
in 1859. In this heater there was a so-called fuel-magazine, the coal 
in which when the heater was' in operation was entirely burning; so 
that the device therefore differed from the modem type of magazine heater. (See “ Base-burning 
Stoves ” in this article.) The heater was set flush with the wall, and was intended to warm the room 
in which it was placed as well as the apartments above. Heaters were afterward made differing 
from Sexton’s mainly in that they protruded into the room. In 1868, or thereabouts, magazines 
such as are used in outstanding stoves were combined with fireplace heaters, thus rendering the lat¬ 
ter more effective. 

The essential points of a fireplace heater consist of a fuel-magazine fed from the top or upper 
part, a fire-pot, and a grate beneath. Space is left between the surface of the grate and the lower 
part of the fire-pot sufficient to admit of cleaning the fire. 

The general arrangement of an improved form of heater will be understood from Fig. 4051. The 
circulation of the smoke from the fire-pot through the side flues B, and thence up the rear flue C, is 
shown in the diagram. Fig. 4048. These flues arc inclosed in the air-chamber and heat the air there¬ 
in, the warmed current passing up the encasing pipes as shown in Figs. 4049 and 4060. The Bristow 
fireplace heater, made by the Bristow Stove Company of New York, is represented in Fig. 4061, and 
is an example of one of the most improved forms. The construction is clear from the illustration, 
and the heated air follows the course indicated by the arrows. 

Stoves. —Stoves in the United States are of great diversity of forms, of cast iron, sheet iron, and 
sometimes of soapstone. Iron stoves especially for burning coal arc commonly lined with fire-brick, 
which not only increases their durability, but prevents the metal from being overheated. They heat 
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by radiation in all directions from their surface; they also heat the air, which, nsing into the upper 
part of the room, is diffused by circulation. Where a room is tight, with no loss of heat by out¬ 
flowing air, and the smoke escapes into the chimney at the temperature of the room, the stove be¬ 
comes the perfection of economy in heating. The desirable points in stoves are automatic regulation 
of the draught, accurate fitting of the parts, inclosure of the fire-space with slow conductors, and the 
bringing of all the heated products of combustion in contact with the largest possible absorbing and 
radiating metallic surface, so that the iron will give out its warmth at a low temperature. 

Base-huming Stoves are simply surface-burning stoves provided with a magazine for reserve coal, 
suspended from and within the centre of the upper section, and reaching to a point 4 to 6 in. above 
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in fig. 4063. The magaziiie fire-pot is a continuous cylinder of nearly uniform size, supported 
upon a floor or ring, in the centre of which is placed the grate. This cylinder is surrounded by a 
cose of partly cast and partly sheet iron, with an iuterrening chamber of 2 to 4 in., depending upon 
the size of the stove. The lower portion of the cylinder, for 6 to 8 in. in height from the base, is 
provided with wedge-shaped slots tapering upward, which leaves bars or fingers tapering downward, 
between which the products of combustion pass obliquely into the chamber formed by the inner cyl¬ 
inder and the outer case, thence upward, surrounding the former, to the exit. On all sides of the 
stove, and opposite to these slots, there are placed in the outer case windows of mica for illumination 
from the incandescent coal thus exposed. A fire can be retained in this stove from 6 to 12 days 
without attention, and without the consumption of much coal or the radiation of much heat. 

Most “ base-burners,” or more properly “ magazine stoves,” have been greatly improved by the in¬ 
troduction of what are known as the ” anti-clinkcr ” devices patented by Foster, Moore, Frost, Hunt, 
and Perry. The essential features of these devices are as follows: 1. Placing the grate in a plane 
below the base of the fire-pot, so that a slicer can be passed over the surface of the former, for the 
purpose of removing clinkers and other refuse; 2. Constructing a space between the edge of the 
grate and the wall of the stove, through which this refuse may drop into the ash-pan; 3. Oonstruct- 
ing the grate to rotate and dump; 4. Placing in the outer case mica windows for illumination from 
the incandesoent coals that are exposed in uie space between the pot and the grate. The special 
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advantages derived from the introduction of a magazine for reserve fuel are: 1. The saving of labor 
by the infrequent requirement to supply fuel; 2. The regularity and uniformity with which it is 
fed to the fire; 8. The perpetuity of the fire. The principle has frequently been applied to cooking 
stoves with practical success; but they have never l^ome popular. 

The stove Illustrated in Fig. 4064 contains these improvements, and may be regarded as a type of 
the best class of the modem American magazine stove. 

Cooking Stoves. —The term “ range ” is commonly applied in this country to cooking stoves bricked 
in at the sides, or otherwise permanently built into the house. The ordinary range is simply a fire- 
chamber lined with fire-brick, and having at one side a water-back or iron chamber through which 
water is conducted to be heated on its passage for household uses. The ovens are usually placed on 
each side of the fire-chamber, and are provided with dampers which allow the heat to pass around 
them or be shut off as desired. Some ranges are constructed with so-called elevated ovens, these 
compartments being placed over the range and heated by suitable flues. Ranges have flat tops, in 
which are apertures of various shapes to enable cooking vessels and implements to be adjust^ to 
the fire. 

Cooking stoves proper are portable, and need only suitable connection with the water-pipes and 
riiimney-flues to render them ready for immediate use# They exist in a variety of forms in the 
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United States, and a great amount of ingenuity has been expended in the improvement of their oon* 
struction. The two forms presented in figs. 40r>5 and 4056 are representative of the class. 

fig. 4066 is the Burke patent hot-air cooking stove, manufactured by Messrs. Burke Jsl Conwaj of 
New York. A is the fire-box, with a portion of the interior wall of the front air-chamber removed; 

B is the top smoke- 
flue ; (7, the end 

smoke-flue ; 2>, the 
bottom smoke • floe; 

the smoke-pipe, 
conveying the prod- 
ucts of combustion to 
the chimney; F, the 
register through which 
the air is admitted to 
the hot-air chamber 
Gy surrounding the 
tire-boi. is the top 
hot-air chamber; X, 
the back hot-air cham¬ 
ber, from which the 
hot air passes directly 
into the oven through 
the perforated distrib¬ 
uting interior back- 
oven plate X is 
the interior front-oven 
hot-air distributing 
plate. B is the lower 
front hot-air chamber, 
whence the hot air is 
drawn through the au¬ 
tomatic damper T to 
the fire to support 
combustion, and is 
thence carried around 
the oven to the chim¬ 
ney. W is the ash-sifter; JCy the ash-drawer; and F, the hot closet. In the engraving the white 
arrows indicate the circulation of the hot air, and the dark ones that of the products of combustion. 

Fig. 4066 represents the Magee cooking stove, made by the Magee Furnace Company of Boston, 
Mass. The different 
parts are named in the 
engraving. Air is ad¬ 
mitted into a chamber 
formed by the auxiliary 
plates Ay and thence, 
after it becomes heat¬ 
ed, it passes through 
the tubes B into the 
oven at (7. After trav¬ 
ersing the oven the 
air is drawn into the 
back of the fire-pot 
through apertures in 
the plate J), 

GaK-Sfoves. —Attach¬ 
ments to illuminating 
fixtures forsimple heat¬ 
ing, as of water or food, 
undoubtedly somewhat 
preceded the larger em¬ 
ployment of gas, either 
for general cooking 
purposes or for warm¬ 
ing. The natural suc¬ 
cession has been the 
construction of appa¬ 
ratus for intense and 
direct heat for the 
preparation of food, 
and for continued and 
diffused heat for warm¬ 
ing alone. Such apparatus has taken shape in a wide range of gas-stoves, designed and adapted 
for their special uses; gas reflectors or radiators; and special fixtures for heating in the ibnn 
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of gas-logs, so called, being semblances of fuel in log form in metal, asbestos, etc., and supplied 
with gas-piping, for fireplace use. Such use of gas, and hence the manufacture of conveniences 
therefor, appear to be in the main confined to the United States, especially as regards the larger 
forms of apparatus. Nearly all gas-stoves involve modifications of the Bunsen burner, by means of 
which air is allowed to mingle with and thus increase the beat of the flame. It is yet a matter of 
some doubt whether the pr^ucts of combustion, as occurring under circumstances where the direct 
flames of the burning gas impinge upon metal surfaces, are not a source of contamination from the 
large number of particles set free, which more or less seriously affect the air of our rooms. The 
requisites deemed essential by the judges at the Centennial Exhibition to secure approval and award 
were such thorough construction of parts as to render the escape of gas before reaching the burner 
impossible, such adjustment of jets as to secure a full supply of oxygen to the flame, and such dispo¬ 
sition of the flame as to prevent the superheating of large metal suifaces. The gas-stoves manufac¬ 
tured in Philadelphia in a variety of forms have the serviceable and attractive feature, as applied to 
warming purposes, of a burnished reflecting surface, heightening in marked degree ^he radiating 
power, and lending an effect of geniality, of which this form of beating apparatus was previously 
quite barren. It is probable that efforts to increase the completeness of combustion and the radiating 
effect will be in the future the direction in which improvement will be made. That an abundant 
supply of the cheaper gases for consumption in this way may yet be furnished in convenient form, is 
also a desideratum toward which effoit will no doubt be directed. A lessened cost of fixtures is also 
to be aimed at. 

Hot-Air Furnaces.— ^The requirements of a furnace fer te are determined by certain well-ascer¬ 
tained data in chemistry, metalluigy, and philosophy; and as from time to time these data have been 
established, the effort in the construction of hot-air furnaces has been to give them recognition and 
adaptation. Some of these determining facts, as affecting construction and associate conditions, are 
worthy of a brief enumeration as the rationaU of the somewhat ri^rous demands made by the ju^es 
of Group XIV. at the Centennial Exhibition upon all furnaces euibited. Among them are: 1. '^e 
ascertained power of very highly heated metal and other surfaces to slightly abstract the moisture 
from the atmosphere—in other words, to promote evaporation and to certainly change the relative 
humidity of the air by expansion; 2. The ascertained capacity of combustion to produce from fuel, 
notably from anthracite coal, large amounts of carbonic-acid and carbonic-oxide gases, with sulphur¬ 
ous acM and water vapor: 8. The fact that, when the combustion of anthracite is complete, the 
products are carbonic-add gas and water, with slight sulphur fumes; 4. The fact that combustion 
rarely is complete in heating appliances, and never unless the supply of air passing over and through 
the fire is abundant; 6. The fact that carefully conducted experiments, by such sdentists as Ber¬ 
nard, Gu^rand, Taylor, Watts, Leblanc, and Chenot, show that carbonic add to some extent, and 
carbonic oxide to a powerful degree, are, when respired—either of them alone, but espedally when 
mixed—of the character of narcotic poisons; 6. The certainty, as established by Ste.-Claire Beville 
and Troost, of the French Academy, that certain metals, especially cast iron, when heated to a dull 
red heat, permit the passage of gases directly through their substance, owing to the arrangement of 
their molecules or atoms; 7. The fact that, from the expansions and contractions occurring under the 
ahemations of high and low degrees of beat, iron castings must be more or less poorly in coaptation, 
the passage of gases through their joints being but little retarded, while cast iron is also notice¬ 
ably defective and porous in structure; 8. The fact that the denser metals, like wrought iron, contain 
a large per cent, of carbonic oxide—a fact which, though its relations are not yet understood, seems 
in some way to fadlitate the passage of the carbonic oxide produced in combustion into dwellings. 

The effort of the group, in view of these determinations of science, became chiefly to seek for the 
most successful adaptations of the principles involved, and to bestow highest commendation upon 
sudi as should possess them in the highest degree with the best associate conditions of convenience 
and economy. To this end it was determined to require of any hot-air furnace that to receive fullest 
commendation it should combine the following features: 1. It must be arranged for taking its supply 
of fresh air from outdoors, because only such fresh air is fit for supply to dwelling-apartments. 2. 
It must, to be most satisfactory, have least interference with free combustion and the escape of the 
product of combustion into the chimney; i. e., no damper in the smoke-flue, and no provision for the 
cooling of the flue by admission of air between the fire and chimney, e. g., as by a regulator; because 
to secure the removal of the dangerous elements, especially carbonic-oxide gas, complete combustion, 
and hence ready conversion into and utility as carbonic-add gas, must be retarded by no agendes 
like these. 8. It must have its dome of wrought iron thoroughly bolted: first, because of its avoid¬ 
ance of leaks in joints; and second, because of its apparently lesser permeability to gases under 
beat. 4. It must have good castings, and, so far as possible, horizontal joints: first, because the 
necessity for the absence of “pin-holes” and like defective structure is apparent; and second, 
because there is less expansion and contraction, and less separation and escape of gases, with hori¬ 
zontal than with vertical joints, and fittings ave more perfect. 5. It must have only fire-brick or 
soapstone walls in contact with its fire: first, because of the lessened evaporation thus caused; sec¬ 
ond, because the dull red heat of iron, so productive of carbonic oxide, is thus avoided; and third, 
because of the absence of gas-escape as occurring with the cast-iron pot. 6. It must have the most 
ample provision for the direct supply of air through and above the fire-pot, so arranged as to best 
impinge upon the combustion points, because of the absolute necessity for its presence to effect com¬ 
plete combustion, and hence the most rapid conversion of carbon into carbonic-add gas, and the lai^ 
est economy of fuel. 7. It must provide for a suflScient supply of moisture: first, b^use in no other 
way can the tendency to evaporation from the atmosphere which, under some conditions and in some 
climates, the furnace induces, be counteracted; and second, because this element is imperatively 
demand^ for conditions of health. 8. It must have a large cylinder as proportioned to the fire-pot, 
oecause thereby the avoidance of a high temperature of the overarched iron is aided. 9. It should, if 
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the previously-named oondi- 
tions are fully secured, be pro¬ 
vided with a non-conductiDg 
fiic-proof encasement, as of 
hollow tile, brick, or similar 
substance, for the conservation 
of locally-radiated heat, but 
not unless these conditions are 
secure: first, because such con¬ 
servation is a prime feature of 
economy, a point which must 
always operate with either the 
purchaser or the scientist for 
obvious reasons; second, be¬ 
cause the heating thereby of 
the cellar, where furnaces are 
generally located, is as a rule 
undesirable, beyond the point 
of simple drvness; and lastly, 
the reason for not having such 
encasement unless the dome be 
tight, etc. (see 1, 2, 8, 4, 5, 6, 
7, and 8), is that the escape of 
deleterious gases into the larger 
area and more ample dilution 
of oxygen in the cellar, and 
freer exit to open air, must be 
far preferable to their con¬ 
centrated conduct to the liv- 
ing apartments above. 10. It 
should have the most effective 
and convenient arrangement 
for the abstraction of clinkers and stirring up of the fire mass; first, because of the better combus¬ 
tion thereby secured; and second, because of the more even and better regulation of temperature, in 
addition to the merits of ease in its 


care. 11. It should combine the 
fullest and at the same time the 
simplest appliances for the control 
and removal of ashes, dust, and 
soot, as matters of convenience and 
as promoting the efficiency of the 
furnace. 

The Boynton Furnace^ made by 
Messrs. Richardson, Boynton & Co. 
of New York, is represented in Fig. 

4057, in which its construction is 
clearly shown. Its chief advan¬ 
tages are the absence of joints and 
the heaviness of the castings em¬ 
bodied in it. The cold air follows 
the course of the arrows, entering 
from beneath the brick casing, and 
becoming warmed by contact with 
the dome and radiator before pass¬ 
ing off by the flues. 

Ihc Siagee Furnace^ constructed 
by the Magee Furnace Company 
of Boston, is represented in Fig. 

4058. It is made of wrought iron, 
with closely - bolted joints. The 
fire-pot is larger in size than is 
usual in cast-iron furnaces, and the 
dome is continuous and contains no 
air-flues, as is generally the case in 
furnaces of this description. The 
smoke-flue is placed on one side, 
and has a continuation over the 
feed-door which carries off any 
smoke or gas that otherwise might 
escape on opening the door. The 
cold-air flue is at the bottom, and 
the air is heated by direct contact with the dome. The arrows indicate the course of the hot air. 

The Firc’Queen Fig. 4059 represent* the Fire-Queen furnace, manufactured by Stewart, 
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Peterson & Co. of Philadelphia. 

It consists of a cylindrical body 
of iron, in which the fire-pot is 
placed. Entirely surrounding this 
body, with the exception of a small 
portion at the base, is a shell of 
iron, a space being left between 
in which the air is heated and dis> 
tributed to appropriate flues. A 
second casing surrounds the one 
mentioned, and forms the external 
body of the furnace. Through an 
opening in the top of this casing 
the cold air is introduced, getting 
gradually heated as it descends to 
the bottom, where it enters the 
main ascending hot-air chamber, 
thus making a double circuit around 
the body of the furnace, keeping 
the outside cool, and preventing 
any cold air from passing through 
the furnace into the hot-air dis¬ 
tributing pipes. It is provided 
with a lever-grate which is moved 
on anti-friction rollers, and can be 
cleared from ashes without open¬ 
ing the fire-door or ash-pit door. 

The grate moves from front to 
back, and can be emptied at either 
end of the ash-pit when necessary. 

The fire-pot is lined with fire-brick. 

Exekemeyer'i Furnace^ devised by Mr. R. Eickemeyer of Tonkers, N. Y., is represented in Fig. 
4060. The surface of the grate can be increased or diminished by simple mechanism, to adapt it to 
the draft. The fire-box, ash-pit, etc., are entirely inclosed in a wrooght-iron casing, outside of which 



the air to be heated circu]atcs,-and at the same time is entirely shut off from contact or possibility of 
mingling with the gases of combustion. 

STRAIGHT-EDGE. The straight-edge is employed for the same purposes as a surfacc-plata 
(See Planometer.) It is in fact a long and narrow surface-plate, trued by the same process. To be 
finished accurately, it must be tested by laying on edge as described in the remarks upon Surface- 
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plates. The ribbed form shown in Fig. 4061 is given to the straight-edge, to enable it to resist de¬ 
flection from its own weight as much as possible. Both straight-^es and surface-plates are be^ 

m^e of cast iron, which is found 
to suffer the least abrasion under 
the duty required of such tools. 

STRENGTH OF MATERIALS. 
The term ** strength of materi¬ 
als/* in its widest sense^ as used 
by many authorities, does not in¬ 
clude merely what is known as 
the absolute or ultimate strength 
—or the resistance, expressed in 
pounds per square inch or other unit, to final rupture—but also the resistance within certain limits 
to distortion short of final rupture, as the elastic limit and the point of permanent set; the safe 
load; the resistance to steady and to suddenly applied loads; and the resistance to repetitions of 
loads and to shocks and vibrations. It also includes the amount of distortion of the material before 
final rupture, commonly called ductility; and the property of returning toward its original form after 
temporary distortion, or elasticity. The external forces applied to materials, tending to cause their 
rupture or alteration of form, are called stresses. These are respectively term^ tcnsil^ oompressive^ 
transverse, torsional, and shearing. 

The practical applications of formulae and data derived from experiment relative to strength of 
materials appear under the following headings: To machine designing in general, Machi2« Cos- 
STRUCTIOK, Principles of ; strength of armor. Armor ; of chain cables, Chain ; of bridge structures, 
Bridges ; of cements, concretes, brick, etc., Concretes and Cements ; of structures in wood. Car¬ 
pentry ; of foundations. Foundations ; of journals and bearings, Journals ; of metal as resistiiig 
punching and shearing. Punching and Shearing Machinery ; of steam machinery, Enqink, Steam, 
Proportions of Parts of, and Locomotives, Proportions of ; of riveted joints, stays, plates, etc., 
Boilers, Steam ; of shafts. Shafting ; of wire, Wire ; and of alloys. Alloys. As to methods of 
determining strength of materials, see Testing Machines. 

Tensile Stress. —^The resistance of materials to tensile stress is the one which receives most atten¬ 
tion, as it is called into play more frequently than any other except compressive, and is considered to 
be in some measure an index to all other resistances. It is usually determined by means of an 
apparatus known as a testing machine, the methods of using which are fully descril^d under Test¬ 
ing Machines. It may be here point^ out that differently constructed machines of this class have 
given widely different results; that the form of specimens broken, the mode of placing them in the 
machine, and the time during which they have been subjected to stress, also greatly affect the accu¬ 
racy of data; and that consequently wide disagreements are encountered in the figures given by dif¬ 
ferent authorities as representative of standard resistances for various materials. Hence, the careful 
engineer will wherever practicable individually test and determine the strength of the material he 
proposes to use, and will regard such data as are below given rather as approximate and subject to 
verification than as precedents to be adopted and blindly followed. 

Tht coefficient of dasticity^ or modtdw of daatieity^ is a term expressing the relation between the 
amount of extension or compression of a material and the load producing that extension or com¬ 
pression. It may be defined as the load per unit of section divided by the extension per unit of 
length; or, the reciprocal of the fraction expressing the elongation in one inch of length, divided by 
the pounds per square inch of section producing that elongation. Thus, let P be the applied load, 
K the sectional area of the piece, L the length of the part extended, I the amount of ext^ion, and 
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E the coefficient of elasticity. 
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Then — = the load on a unit of section, and - = the dongation of 
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The elastic limit is that point at which the ex¬ 


tensions cease to be proportional to the stresses and begin to increase in a greater ratio. 

The ultimate etren^ is the maximum resistance offered to rupture. The proof itrength is a less 
degree of resistance which the body may safely offer when tes^. The working load b some frac¬ 
tional part of the ultimate strength which may be selected as giving perfect safety against antici¬ 
pated strains for an indefinite period. The factor of §afety is the ratio of the ultimate strength to 
the working load. 

The proof-set is usually and should be always below the elastic limit, i. e., the point at which set 
becomes proportional or nearly so to the distortion produced by the applied force. It is generally 
about one-half to one-third the ultimate strength. The ultimate strenj^h or breaking load of any 
piece is measured by the product of the area of the fractured section into the tenacity of the material 

P 

of which it is composed ; or P = PAT, and ir= _, where P represents the breaking force, T the 

T 

tenacity of the material, and K the area of section. Values of T arc given in the acoompanyuig 
table of coeflScients of resistance. The very best parades should have values 20 per cent, higher. 
P and T are taken in pounds per square inch. When thin cylinders are exposed to internal press¬ 
ure, as in steam-cylinders, boilers, etc., the bursting pressure may be determined by multi^ying 
the thickness of the shell by the tenacity of the material, and dividing by the semi-diameto^; or 
Tt 

P =—, where P= pressure, t = thickness, T=. tenacity, and r = radius of cylinder. 
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Tensile Strength of Iron and Steel, —D. E. Gark gives the following recapitulation of data from a 
large number of experiments: 

CaU Iron ,—^The ultimate strength of cast iron ranges from 6 to tons per square inch—first 
meltings, spedmens under one inch in thickness. For thicker castings the strength diminishes. The 
ultimate tensile strength is increased by repeated remcUings to from 15 to 20 tons per square inch. 
The elastic strength is practically the ultimate tensile strength. 

Wrought Iron ,—The ultimate tensile strength of rolled bar iron varies from 22^ to 80 tons; rivet- 
iron, from 24 to 27 tons; plates, from 20 to 23 tons, about 1 ton less ciosswise than lengthwise the 
fibre. The strength is r^uced more than 1 ton by annealing. For a wrought-iron round rod of 
any diameter, the square of the diameter in quarter inches is about the breaking weight in tons. 

Sted ,—^The ultimate tensile strength of rolled bar steel varies from 30 to 60 tons per square inch. 
The average tensile strength may be taken at 36 tons. The ultimate strength of steel plates is from 
22 to 82 tons, according to the proportion of constituent carbon. The strength is the same length¬ 
wise or crosswise. Annealing reduces the tensile stren^h of steel plates by H or 2 tons. The 
most remarkable specimen of cast steel for tenacity which is on record was manufactured at Pitts¬ 
burgh, Pa. It was tested in the Navy Yard at Washington, D. C., and was found to sustain 242,000 
lbs. per square inch. The tensile strength of chrome steel, according to report of Capt. J. B. Eads, 
C. E., on tests of that metal for use in the St. Louis bridge, was found to average for 12 specimens 
179,980 lbs. per square inch. 

CoMPBXssrvE Stress, or push applied to a piece of material, is a force which tends to shorten it. 
While the effect of tensile stress is always to produce rupture or separation of particles in the direc¬ 
tion of the line of strain, that of compressive stress may be to cause the material to fiy into splinters, 
to separate into two or more wedge-shaped pieces and fly apart, to buckle, bulge, or bend, or to 
flatten out and utterly resist rapture or separation of particles. There exists great confusion among 
authorities as to the use of this term, and the data given as representing compressive strengths of 
various materials are far from reliable. In no department of mechanics is original investigation 
more needed or more to be desired. The figures in column C of the table give approximately the 
resistance to crushing when bending does not occur. Hodgkinson, in experiments on long square 
pillars, found that the compressive strength varied as the 3.69 power of the side of the square, as a 
mean result; the extremes being the 2.69 and the 4.17 powers. From his experiments the following 
table of the absolute strength of columns was obtained, in which P — crushing weight in gross tons, 
d = the side of the column in inches or external diameter, d, = the internal diameter of the hollow 
in inches, and I = the length in feet: 


KIND OF COLUMN. 

Both Ends Roonded, the Length of 
the Colamn exceeding IS Umce it* 
Diameter. 

Both End* nat, the Length of the Col¬ 
amn exceeding 80 timet iU Diameter. 

8oHd cyUndrical columns of cast iron. 

Hollow < 7 lindrfcal columns of cast iron. 

Solid cylindrical columns of wrought iron. 

Solid square pillar of Dantzic oak. 

]p=14.9-.- 

( (fi-f _ (f 

^=«>«7rr 

P = 44.84‘*’“-f'’“ 

P=188.T6^^ 

i d* 

-! P= 10.96 — 

/ 




These formula apply only in cases in which the length is so great that the column breaks by 
bending and not by simple crushing. If the column be shorter than that given in the table, and 
more than four or five times its diameter, the strength is determined by the following formula: 
PCK 

W =-; in which P = the value given in the preceding table, K = the transverse section 

P’trkCK r » 

of the column in square inches, C = the modulus for crushing in gross tons per square inch, and 
W = the strength of the column in gross tons. The modulus for crushing is defined as “ the press¬ 
ure which is necessary to crush a piece of any material whose section is unity and whose length 
does not exceed from 1 to 6 times its diameter.” The first and second formulae given below were 
deduced by Lewis D. Gordon from Hodgkinson^s experiments; they show the total breaking weight 
of a cast-iron column. The succeeding formulas for strength of columns of wrought iron and steel 
were constructed on the basis of Gordon^s formula by the authorities named : 


For solid or hollow round cast-iron columns, W = 


36 a 


1 + 


For solid or hollow rectangular cast-iron columns, W = 


400 

86 a 


, r* 
600 


For columns of angle, tee, channel, or crudform iron, W = 


19 a 

7 ^ 

^ 900 


(Unwin). 
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For solid round column of mild steel, JV = * 


80 a 


1 + 


1400 

51a 


(Baker). 


For solid round column of strong steel, W = —- - (Baker). 


^ 900 


For solid rectangular column of mild steel, W = - 


80 a 


(Baker). 


1 + 


For solid rectangular column of strong steel, W = * 


2480 

51a 


(Baker). 


1 + 


1600 


In these formula© W = the breaking weight in tons of 2,240 lbs., a = sectional area of the mate¬ 
rial in square inches, and r = the ratio of the length to the diameter, the diameter being the least 
dimension of the section, or that on which it is most flexible. 

Transverse Stress. —There exists no such discrepancy in the published figures of transverse 
strength of beams as in those of the compressive strength of columns according to different authori¬ 
ties. The transverse strength of beams is calculated from the following formulae: 

Kh^ KAd 

W = -and W — -, for beams fixed at one end and loaded at the other. 

z z 

'Kbd' KAd 

W—2 -and Ir = 2-, where fixed at one end and uniformly loaded. 

L L 

Kb<P KAd 

IF = 4-and W=4 -, where supported at both ends and loaded at centre. 

Xi L 

Kbd* KAd 

11^= 8-and IF = 8-, where fixed at both ends and loaded at centre. 

L L 

Kbd^ KAd 

IF = 8-and 1F= 8 -■, where supported at both ends and uniformly loaded. 

X X 

Kb^ ^ KAd 

1F= 12-and 1F= 12-, where fixed at both ends and uniformly loaded. 

X X 

Here IF = breaking weight in pounds, iT = a coefficient which varies with every change in fonn 
of cross-section of the beams, d = depth of beam in inches, b = breadth in inches, A = area of 
cross-section of the beam at point of rupture in square inches, and X = length between supports in 
feet. The values of K given in the table, where the beams are of rectangular section, fix^ at one 
end and loaded at the other, arc obtained from various sources. For other than rectangular secUons 
the following may be taken as the values of K for cast iron: Shape, 0 ; value, K = 500. Shape, 

equal flanges; value, iT = 620. Fairbaim, ^= 530 . Hodgkinson, JL • 

A'=850. The following values are given for wrought iron; rolled rails, . 600; Fairbaim’s 

riveted beam, 900; box-beam, 1,000. For the wrought-iron beam, when supported 


at both ends and uniformly loaded, the formula IF = 
manufacturers. D 


8Z(o + 0®. 


is used by some American 


depth in feet; a = area of flange in inches, a' = that of “ stem ” or web; 
a! .006IFX* 

8 = stress per square inch of area, a H—, in tons. The deflection, — when the load 

* ^ (o-rV 

is applied at the middle, and 8 = ' , when applied uniformly. The depth D is measured 

between the centres of gravity of the flanges. In such beams it is customary to allow as maxima 
10,000 lbs. per square inch in tension and 6,000 to 8,000 in compression. Deflection should not ex¬ 
ceed one-thirtieth of an inch per foot of length in any structure. 

A very full discussion of the subject of transverse strain appears in “ Transverse Strains,” HaU 
field, New York, 1876. See also the works on strength of materials quoted at the end of this arti¬ 
cle for theories on the relation between transverse strength and tensile and compressive strength. 
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Shsarino Stress is a force tending to draw one part of a solid substance over another part of it, 
the applied and resisting forces acting in parallel planes which are very near each other. The total 
resistance to ultimate shearing when all parts of the resisting surface are brought into action at 
once is found to vary directly ^th the section; so that if ir= the area of the section subjected to 
this stress, the total resistance will be if iS, l^e value of S bas been found for several substances, 
the principal of which are as follows: 


Shearing Strength of MaieriaU {compiled by Wood), 


METAL. 5 111 lbs. pep sq. In. 

Fine cast steel. 92,400 

Kivet steel. 64,000 

Wrought iron. 60,000 

Wrought-iron plates, punched. 61,000 to 61,000 

Wrought-iron hammered scrap, punched.. 44,000 to 62,000 

Cast iron. 80,000 to 40,000 

Copper. 88,000 


With the fibres. 


White pine. 


Spruce. 

. 470 

Fir. 


Hemlock. 


Oak. 


Locust. 

.1,200 


WOOD. Across the fibres. 

Red pine.. 600 to 800 

Spruce.... . 600 

Larch. 970 to 1,700 

Treenails, English oak.... 8,000 to 6,000 


It will be seen from these results that the shearing strength of wrought iron is about the same as 
its tenacity; of cast steel, a little less; of cast iron, double its tenacity and about two-fifths of its 
crushing resistance; and of copper, about two-thirds of its tenacity. Clark considers that the shear¬ 
ing strength of wrought iron may be taken at about four-fifths of its tenacity. The resistances of 
metals to shearing in shearing machines are considered under Punchino and Sheajuno Machines. 

jye • / W p 

Torsional Stress is computed by the formula W = S' \ 2 ) = ^ ; where W = breaking 


weight in pounds, D = diameter of shaft in inches, and R = length of lever-arm in feet. The coeffi¬ 
cient is very nearly proportional to the tenacity of the material, where the torsion is equal in degree. 

Resilience is a term introduced by Dr. Toung. It is measured by the amount of work performed 
m producing the maximum strain which a given body is capable of sustaining, and is the quality of 
primary importance where shocks are to be sustain^. Hallet^s coefficient of resilience is the half 
product of the maximum resistance into the maximum extension. But for tough metals it is equal 
approximately to two-thirds the product of the ultimate strength of the material by the distance 
through which the body yields before the straining force. For very brittle materials it is measured 
by half that product. No material can resist the shock of a body in motion, unless it is capable of 
offering resilience equal to the amount of work performed in setting that body in motion at the mven 
velocity; i. e., equal to the amount of energy stored in the moving mass at the instant of striking. 
In predicting the effect of shock, therefore, it becomes necessary to know the amount of eneigy 
stored in the moving body and the resilience of the resisting material. To meet a violent shock suc¬ 
cessfully, resilience, rather than mere strength, must be secured. As an instance, it is found that 
wrought iron of comparatively low tenacity but great toughness, capable of stretching considerably 
before fracture, is far superior to steel for armor for iron-clad ships; the latter has much greater 
strength, but also greater brittleness. Such calculations arc not usually made in designing. Im¬ 
munity from the injurious effect of shocks is secured by the use of a large factor of safety in pro¬ 
portioning parts exposed to them, by care during construction in the selection of tough resiUent ma¬ 
terials, and in management by carefully adjusting all parts, and applying the load so as to avoid 
jarring action as far as possible. If a weight, acting as a steady load, p^uces a given deflection 
or change of dimensions, it will require but half that weight suddenly applied to pr^uce a similar 
^ect, whether it be fracture or a stated alteration of form. The extension of ordinary wrought 
iron within its limit of elasticity is about .0001 per ton per square inch of section. The amount of 
extension before fracture by tension is given, with the finest quality of wrought iron, at 20 per cent., 
with medium quality 16 per cent., and it runs in some irons as low as 4 per cent. Cast iron of fair 
quality is elongated but a fraction of 1 per cent. The extension of steel varies with the amount of 
carbon, and nearly inversely as its tenacity. The following table is taken in part from Trautwine’s 
“ Engineer’s Pocket-Book ”: 


Ultimate Tensile Strength of Sted in Pounds per Sq. In.^ and ElongcUion in Inches^ before Breaking, 


8PICIMBN& 

Pw Cent, 
of Carbon. 

Breaking 

Weight. 

Elonga¬ 

tion. 

Rwili- 

enoe. 

SPECIMENS. 

Per Cent, 
of Carbon. 

Breaking 

Weight. 

Elonga¬ 

tion. 

Redli- 

eDce. 

No 1. 

.88 

6*5,100 

76.1CO 

.098 

4.450 i 

No. 6. 

.68 

109,800 

101,920 

128,200 

184.400 

.071 

4,770 

No. 2. 

.48 

.089 

4.970 

1 No. 7. 

.74 

.050 

8;400 

6,580 

6.860 

No. 8. 

.48 

84,000 

»^200 

92,960 

.089 

.5,040 

6,080 

8,600 

1 No. 8..... 

.84 

.050 

No. 4. 

.68 

.080 

No. 9. 

1.00 

.071 

Na5. 

.58 

.058 

No. 10. 

1.25 

154,560 

.044 

4,680 


Kotb. —The spedmens tested were steel bars of different grades made from pure Swedish iron, and each bar was 
tamed to a diameter of 1 inch for a length of 14 Inches. 
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In the larger table on page 835, the ultimate resilience of metals is given as tested in the Stevena 
Institute of Technology, Hoboken, N. J. Phosphor-bronze considerably exceeds ordinary bronze in 
ductility and resilience. 

Influence of Density and Temperature on Strength, —Heating wrought iron within certain limits, 
and then cooling under stress, increases its streng^ by relievii^ internal strain. Cold rolling and 
wire-drawing increase it, in some cases, 100 per cent. Mr. Dean of Boston and Uchatius of Vienna 
have similarly increased the strength and elasticity of bronze. Overheating, annealing, and cold 
hammering decrease its strength. Cast iron of open structure and low densi^ is increased in 
strength by successive remeltings, sometimes to the amount of 100 per cent, over pig metaL Cast¬ 
ing under a head, or under considerable pressure, similarly benefits both cast iron and cast sieeL 
Sir Joseph Whitworth produced a steel of extraordinary strength and toughness by casting under 
heavy pressure. The internal strain consequent upon sudden cooling, or upon cooling awkwardly, 
shaped castings, seriously reduces their strength, and sometimes princes actual fracture. The 
character of cast iron is largely determined by its density, 7.2 to 7.8 representing the best limits for 
ordinary practice. Cold wrought iron is more than twice as strong as red-hot Strength, ductility, 
and resilience increase with diminishing temperatures, when the materials are of good quality. Gold- 
blast cast iron is usually stronger than hot-blast iron made from the same ores. Copper loses 25 
per cent, of its tenacity at 660^ F., 50 per cent, at 810'’, and 67 per cent at 1,000% the diminution 
of tenacity varying nearly as the square root of the tMrd power of the temperature. Metals in 
large masses have usually less density and strength than when worked into sheets, bars, or wire. 
Wrought iron is particularly liable to loss of strength in huge forgings. Bars 2 in. in diameter 
being made of the same metal as other bars 1 in. in diameter, the latter are sometimes found to have 
20 per cent, more strength. Steel exhibits even greater differences. 

Resistance to Penetration. —Indentation is resisted by wrought iron nearly in proportion to its 
thickness. Fairbaim found the force necessary to push a blunt point or a ball 8 in. in diameter 
through boiler-plate one-quarter of an inch thick to be 17,000 lbs.; and nearly equal to that required 
to drive the same instrument through a 8-inch oak plank. Resistance of armor-plate to penetration 
by shot varies, if the plate be well backed, as the square of the thickness, within the liimt of mod¬ 
erate thickness. The material should be strong and ductile. 

Strength of Members of Structures, —Generally, in designing machines or parts of machines, they 
should be so proportion^ that all parts will have factors of safety of nearly equal value. Eocmomy 
of material is thus secured, and al^ the very important advantage, where exposed to severe shock 
or sudden strains, of utilizing the resilience of the whole machine in resisting them. Forms of uni¬ 
form strength should therefore be used wherever possible. Suspension-rods of uniform strength 
must have a greater section at the point of support than at the point of attachment of tiie load, 
as the upper portions carry not only the load but the weight of the lower part of the rod. Pump- 
rods and wire ropes for deep mines are for this reason ms^e tapering, with the largest section at the 
top. Care should always be taken that the pieces connected and their fastenings are, when possible, 
equally strong. Tall columns are slightly swollen at the middle portion in older that they may be 
equally liable to break at all points; and the Hodgkinson form of cast-iron beams, and the Fairbaim 
(I) form of section of wrought-iron beams, are given their peculiar shapes in order that no surplus 
material may exist in either top or bottom flange. Beams of uniform strength, when fixed at one 
end and loaded at the other, if of uniform depm, are triangular in plan. If uniformly loaded, they 
represent in plan a pair of parabolas whose vertices touch at the outer end. When of unifemn 
breadth, their vertical sections are parabolic in the first case, and triangular in the second. Beams 
of uniform depth, supported at the ends and loaded at the middle point, are in plan a pair of triangles 
with a common base at the load. If uniformly loaded, the plan is a pair of paraMas with their 
bases at the middle of the beam. When supported at the ends and uniform in breadth, they are in 
vertical section a pair of parabolas, in the first case with vertices at the ends and bases meeting at 
the load, and in the last case semi-ellipses extending between the points of support In building 
bridge-girders, economy of material is secured by the use of isosceles bracing set at angles of 45 . 
In vertical and diagonal bracing, the proper angle for diagonals is 55° measured between tiie diagonal 
and the vertical. The amount of resistance of a cylinder to rupture by torsion is nearly double that 
to breaking across. Bolts exposed to shocks and sudden strains, as when used as armor-plate fasten¬ 
ings, are found to resist much more effectually where resilience is secured by turning down the shank 
to the diameter of the bolt at the bottom of the thread, or otherwise creating a uniform area of sec¬ 
tion between head and nut. 

Working Strknoth of Materials—Factors of Safety. — Cast Iron. —^Mr. Stoney recommends 
one-fourth of the ultimate tensile strength for dead weights, one-sixth for cast-iron bridge-girders, 
and one-eighth for crane-posts and machinery. In compression free from flexure, aocor&ng to 
Mr. Stoney, cast iron will bear 8 tons per square inch; for cast-iron arches, 3 tons per square inch; 
for cast-iron pillars, supporting dead loads, one-sixth of the ultimate strength ; for pillars subject to 
vibration from machinery, one-eighth, and for pillars subject to shocks from heavy loaded wagons 
and the like, one-tenth, or even less where the strength is exerted in resistance to flexure. 

Wrought Iron. —For bars and plates, 5 tons per square inch of net section is taken as the safe 
working tensile stress; for bar iron of extra quality, 6 tons. In compression, where flexure is pre¬ 
vented, 4 tons is the safe limit; in small sizes, 8 tons. For wrought-iron columns subject to shocks, 
Mr. Stoney allows a sixth of the calculated breaking weight; with quiescent loads, one-fourth. For 
machinery, an eighth to a tenth is usually practised; and for steam-boilers, a fourth to an eighth. 
Mr. Roebling says: “Long experience has proved beyond a shadow of a doubt that good iron, expooed 
to a tensile strain not above one-fifth of the ultimate strength, and not subject to strong vibration or 
torsion, may be depended upon for a thousand years.” 

Steel. —committee of the British Association recommended a maximum working tensile stress of 
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TakiU of Co^cieni$ of Ruutance^ 


MATERIAL. 

W. 

Wdfht p«r 
cable IdoC 

T. 

Tcuioii* 

Cnubiaf, 

K. 

TroBC- 

▼cm. 

t. 

TcrrioD. 

K. 

CocflcUot of 
clMtidtj. 

R. 

lUdllcDcc. 

MKTALB. 








Antlmoiiy. 

S80 

1,000 



15 




618 

8,000 



60 



Brass: 





. 



535 

22,000 

50,000 


200 

aooo 000 

aooo 

1. 

525 

80,000 

160,000 

240 

500 

o,oooiooo 

8,000 

“ 8, “ 1. 

525 

28,000 




aooo.000 

4,000 

Fine drawn. 

585 

80,000 

165,000 


I4KM) 

14^000,000 

15,000 

Bronze: 

Alomlnam 10, copper 90. 

4$0 

70,000 

185,000 

.. . - 

400 

lOQnoooo 

Copper 10, tin 1.1T. 

585 

86,000 


560 

11060 000 

aooo 

‘f 8. “ 1. 

52S 

40,000 


. 

700 

laoooiooo 

6000 

•» *, “ ■* 

540 

40^000 

. .. 


2460 

Copper: 

CMt. 

540 

90,000 

. 


850 

8,000,000 

200 

Rolled. 

550 

8o’o66 

100,666 


400 

Drawrn. 

555 

60'(M)0 

100,000 


760 



Forged. 

552 

40,000 

100,000 

220 

600 

^750^000 

40,840 

Gold^. 

1,210 

90,000 

86,000 





OMt,p!g,.. 

440 

20,000 

100,000 

600 

400 

iaooo,ooo 

15 

•* nsnl. 

460 

80,000 

19ao00 

700 

600 

22,000,000 

5 

“ todgh. 

450 

25400 

120,000 

600 

600 

15,000,000 

25 

“ gnn iron.. 

456 

80,000 

125,000 

700 

700 

2aooo,ooo 

50 

Wronght, bar. 

486 

60,000 

60,000 

900 

760 

22,000,000 

20,000 

“ sheet.. 

460 

50,000 

60,000 

700 

650 

25,000,000 

laooo 

“ tank. 

480 

4^000 

66,000 

600 

600 

25,000,000 

10,000 

** wire % Inch. 

4S5 

80,000 

60,000 

900 

1,000 

2aooo,ooo 

40,000 

“ large forging. 

476 

40,000 

40,000 

600 

600 

20,000,000 

lOOOO 

MJit. 

710 

1,800 

7,000 

20 

20 

1,000,000 



712 

2,500 

80 

80 



1440 

56.000 


700 




654 

40,000 


500 




Steel: 







Carbon 0*0088. 

488 

66,000 

80,000 

800 

900 

26,000,000 

86,000 

•* 0*00f>0. 

487 

90,000 

125,000 

1,500 

1,200 

97,000,000 

laooo 

“ 0 0075. 

486 

100,000 

160,000 

2,000 

1,850 

29,000,000 

10,000 

“ 0 0100. 

485 

140,000 

926,000 

8,000 

1,800 

80,000,000 

10,000 

“ 0*0125.. 

485 

160,000 

260,000 

5,000 

2,000 

81,000,000 

5,000 

Hardened in oil. 


900,000 

850,000 

7,000 

8,000 

8aooo,ooo 


Rails. 

*4^ 

70,000 

100,000 

900 

900 

80,000 

Plate. 

487 

80,000 

190,000 

1,200 

1,100 


Blister. 

488 

100,000 

150,000 

2,000 

1.500 



Shear... 

486 

120,000 

180.000 

; 2,600 

aooo 


5,000 

Tin, block.. 

455 

4,000 

16,500 

50 

60 

4,500,000 

2,500 

** wire. 

460 

7,000 

60 

90 

SSne, cast. 

487 

2.600 


80 

80 

18,000,000 

600 

** rolled. 

440 

1^000 


900 

200 


MINERALS. 







Rrick^ red. 

180 

150 

' 1.000 

6 





185 

800 

2,000 

10 

**’i4 



Cement, 1 week... 

120 

100 

90 




“ 1 year . 

120 

400 

^ 2,o66 

1 

69 




117 


884 





Glass, plate. 

158 

9,4^ 






Oranite. 

165 

1,000 

10,000 

25 

980 



LlmestoQe... 

165 

500 

6,000 

40 

100 

25.6001666 


Marble. 

165 


9,000 

40 


25,000,000 

. 


Sandstone. 

150 

200 

6,000 

15 

800 


Mortar..^. 

107 

50 

IbO 





TDCBSR. 







Acacia. 

47 

16,000 


140 


1,152,000 


Apple tree. 

50 

19,000 





Ash.. 

45 

16,000 

9,606 

150 

120 

1,566,666 


Beech. 

50 

16,000 

6.i)00 

120 

no 

1,400,000 


Birch. 

50 

16,000 

aooo 

180 


1,600,000 


Box. 

60 

18,000 

10,000 

180 

125 


Cedar.. 

55 

11,600 

6,000 

100 

100 



Ehn. 

87 

18,000 

10.000 

75 


700,600 


Fir, N. E. 

85 

12,000 

6,000 

80 

’*75 

2,000,000 


Lai^. 

85 

9,000 

10,000 

100 

80 

1,000,000 


lADcewood. 

60 

28,000 

150 

120 


Ltgnnmvltn. 

75 

12,000 

10,000 

160 

150 



Locnst.. 

60 

20,000 

250 

220 



Mahoffanv. 

50 

16,000 

8,000 

120 

160 



MapS?:::... 

50 

10,000 





Oak. 

55 

17,000 

10,000 

150 

140 

1,600,000 


Pine.... 

40 

10,000 

aooo 

100 

65 

1,750,000 


Spruce. 

8^1 

17,000 

aooo 

120 


1,600,000 


TWk. 

45 

1^000 

laooo 

180 

150 

2,400,000 


Watont, white. 

42 

aooo 

7,000 

100 

200 


•* hhck . 

40 

aooo 

aooo 

150 

! 180 
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STRETCHING MACHINE. 


9 tons per square inch. Mr. Stoney recommends for mild steel a fourth of the ultimate strength, or 
8 tons per square inch. The limit for compression must be regulated very much by the nature of 
the steel, and whether it be unannealed or annealed. Probably a limit of 9 tons per square inch, 
the same as the limit for tension, would be the safe maximum for general purposes. In the absence 
of experiment, Mr. Stoney recommends that, for steel pillars, an addition not exceeding 50 per cent 
should be made to the safe load for wrought-iron pillars of the same dimensions. 

31im5er.-r-One-tenth of the ultimate stress is an accepted limit Timber piles have in some 6itua> 
tions borne permanently one-fifth of their ultimate compressive strength. 

Foundatiorut. —Prof. Rankine says that the maximum pressure on foundations in firm earth is from 
17 to 23 lbs. per square inch, and that on rock it should not exceed one-eighth of the crushing load. 

JIIason-‘toork. —Mr. Stoney says that the working load on rubble masonry, brick-work, or concrete 
rarely exceeds one-sixth of the crushing weight of the aggregate mass, and that this seems to be a 
safe limit. In an arch, the calculated pressure should not exc^ one-twentieth of the crushing press¬ 
ure of the stone. 

Rope ,—For round ropes, the working load should not exceed a seventh of the ultimate strength, 
and for flat ropes one-ninth. 

Resistance to Repeated Stress, —The law determined by Wohler in 1858, after a long series of ex¬ 
periments, Is that ** Rupture may be caused not only by a steady load which exceeds the carrying 
strength, but also by repeated application of stresses none of which are equal to this carrying 
strength. The differences of these stresses are measures of the disturbance of continuity, in so far 
as by their increase the minimum stress which is still necessary for rupture diminishes.” This law 
shows that the assumption that safety depends only on the maximum intensity of stress must be con¬ 
sidered as erroneous. Wdhler determined that a bar which is alternately subjected to compression 
and tension will endure a much smaller number of repetitions of strain than the same bar subjected to 
an equal amount of either tension or compression alone. Certain bars of wrought iron and steel were 
equally safe to resist varying bending and tensile straining actions repeated for an indefinite time 
when the maximum and mimmum stresses had the following values: For wrought iron, in tension 
only, from 18,713 to -f- 81 lbs. per square inch; in tension and compression alternately, from 
-f- 8,317 to — 8,317 lbs. per square inch. For cast steel, in tension only, from -I- 84,807 to -|- 
118,436 lbs. per. square inch; in tension and compression alternately, from + 12,475 to — 12,475 
lbs. per square inch, -f- represents tension and — compression. For the discussion of Wohler’s 
law, see Machine Construction, Principles op. 

The foregoing article contains many extracts from a series of essays on “ Strength of Materials ” 
by Mr. W. Kent, C. E., published in Fan Nostrand's Engineering Magazine^ voL xx.; from “ Rules, 
Tables, and Data for Mechanical Engineers,” by D. E. Clark, London, 1877; and from the article 
on “ Strength of Materials,” by Prof. R. H. Thurston, in the “ American Cyclopajdia,” 

Works for Refn'ence, —ITie literature on the strength of materials is exceedingly voluminous, in¬ 
cluding much that is of little value in the light of modem research. The following are among the 
standard works on the subject: “On the Strength of Cast-Iron Beams,” Turnbull, London, 1832; 
“ On the Strength and Stiffiiess of Timber,” Turnbull, London, 1883; “ On the Strength of Materi¬ 
als,” Tate, London, 1850; “On the Strength of Cast Iron and other Metals,” Tredgold and Hodgkin- 
son, London, 1861; “Th5orie de la Resistance des Solides,” Belanger,Paris, 1862; “Resistance dea 
Materiaux,” Morin, Paris, 1862; “Experiments on Wrought Iron and Steel,” Kirkaldy, London, 
1864 ; “ Le 9 ons sur la Resistance des Materiaux,” Navier, Paris, 1864; “ Cast and Wrou^t Iron,” 
Foirbaim, London, 1865; “ The Elasticity, Extensibility, and Tensile Strength of Iron and Steel,” 
Styffe, translated by Sandberg, London, 1865; “ On the Strength of Materials,” Barlow, London, 
1867; “On the Strength of Beams, Columns, and Arches,” Baker, London, 1870; “Tredgold’s Car¬ 
pentry,” Hurst, London, 1871; “The Stren^h of Materials and Structures,” Anderson, London, 
1872; “ New Formulas for the Loads and Deflections of Solid Beams and Girders,” Donaldson, Lon¬ 
don, 1872; “Iron as a Material of Construction,” Pole, London, 1872; “Applied Mechanioe—Useful 
Rules and Tables,” Rankine, London, 1872; “Civil Engineer’s Pocket-Book,” Trautwine, Philadel¬ 
phia, 1872 (see latest edition); “Theory of Strains,”Stoney, London, 1878; “Strains upon Bridge- 
Girders and Roof-Trusses,” Cargill, London, 1878; “Strength, Elasticity, Ductility, and Resilience of 
Materials of Construction,” Thurston, Philadelphia, 1874; “Resistance of Materials,” Wood, New 
York, 1875; “Timber and Timber Trees,” Laslctt, London, 1876; “Elements of Machine Design,” 
Unwin, London, 1876; “Fatigue of Metals,” Spangenberg, New York, 1876; “Strength and Deter¬ 
mination of Dimensions of Structures,” Weyrauch, New York, 1877 ; “ Reports of Unit^ States Board 
appointed to test Iron and Steel,” Washington, 1879. 

See also, for results of experiments, files of the Journal of the Franklin Institute^ Engifserring^ 
Engineei^ Iron^ Van Nostrands Engineering Magazine, London Philosophical TransaeUemSy Civil En^ 
gineer's and Architect's Journal, Proceedings Institute Mechanical Engineers (British), Comjkes Rendus, 
Annales des Ponts ct Chaussies, Transactions of the American Societg of Civil Engineers, Proceedings 
of the Institute of Civil Engineers (British), Annals of Phihsophgy and Journal of the Iron amd Seel 
institute. 

STRETCHING MACHINE.' See CLOTH-nNisHiNG Machinery, and Hat-making Machinebt. 

STOCKOFEN. See Iron-making Processes. 

SUGAR MACHINERY. The manufacture of sugar consists in the expression of the saccharine 
juice from the sugar-producing plants, the purification of the expressed juice, and the evaporation 
therefrom of the water so as to concentrate the sugar into crystalline form. The processes by which 
this is accomplished vary according to the quality of sugar to be made, or in other words according 
to the purity of the sugar required. Common-process sugar is made by evaporation in open pans; 
vacuum-pan or ^nulated su^r, by evaporation in vacuo in closed pans; and both varieties are 
made into refined or loaf sugar by cert^ processes hereafter described. 
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The present article deals with sugar manufacture solely in relation to the machinery used, and 
therefore does not consider the very important chemical reactions governing the various operations. 
For descriptions of these the reader is referred to works within the field of industrial chemistry. 

Sugar-Mills are machines for expressing the juice from the cane. They usually consist of heavy 
rollers, driven by animal-, water-, or steam-power, through which the cane is passed. In the best- 
constructed sugar-mills much depends upon the adjustment of the distances of the rolls. A too close 
approximation causes, on the one hand, an increas^ expenditure of force in the working of the mill; 
on the other hand, if the rollers be placed too far apart, a portion of the juice escapes extraction and 
is carried off in the cane-trash. 

The construction of a large three-roll sugar-mill is shown in Fig. 4062. The crushing rolls arc 
strong cast-iron cylinders mounted between the two massive check-pieces or side-frames Sb^ and so 



82 t that the perimeter of the upper roll is nearly in contact with the two lower ones. These rolls are 
very firmly keyed on a wrought-iron axial shaft, carrying at one extremity the gear-wheels by which 
the rolls are revolved. The shaft of the upper roll^s made of increased strength, as it has to sus¬ 
tain simultaneously the strain of the two lower ones. The feed and delivery rolls—^that is, the front 
and back ones—^have flanges at their ends, between which the top roll is placed. These flanges arc 
for the purpose of preventing the pressed canes from working into the mill-bed. The cheeks B are 
bolted to the bed ( 7 , which at the same time is so formed as to receive the Inclined pans 2), placed 
to catch the juice from the rolls. The whole mill is bolted to a hard-wood framing, which is sup¬ 
ported on a stone foundation. The cheeks B are formed with pockets for the purpose of receiving 
the bearings of the shafts EE, Means are provided for guiding the bearings laterally, also to regu¬ 
late the distance of the rollers from each other and to compensate for wear. The upper roll revolves 
in brass bearings surmounted by massive caps /, which arc retained in their places by strong bolts 
AT, which, traveling the whole height of the cheeks, are secured under the bed-plate by means of 
cotters or wedges; these bolts serve likewise, by means of the top nuts, to regulate the space be¬ 
tween the perimeters of the rolls. Between the lower rolls is placed the returning knife, which is a 
concave wrought or cast plate secured to a beam of wood, arranged to project into the openings in 
the cheek, whereby they may be elevated or depressed by means of a screw or wedge. This return 
directs the cane which has been crushed between the top and feed rolls to the top and delivery rolls. 

Fig. 4063 represents a so-called Cuba mill,*’ as constructed by Messrs. George L. Squier & Bro. 
of Buffalo, N. T. This form of mill is of the largest size, the rollers being 22 by 86 in. and the 
weight of the entire machine 28,000 lbs. The relative proportions of a smaller apparatus of this 
class are shown by the following figures, referring to a ** Mammoth ” mill by the same makers. The 
top roller is 24 in. in diameter, 30 in. long on its working face, weighs 2,680 lbs., and has a steam- 
forged wrought-iron shaft, 6 in. in diameter, running in brass boxes. The housings are 8 in. thick, 
and weigh 1,650 lbs. cac^ The bed-plate is cast in one solid piece, and weighs 1,426 lbs. The 
back gear is 8 ft. in diameter, and weighs 1,650 lbs. Eight wrought-iron stay-bolts, 2 and 2^ in. 
in diameter, are so arranged as to bear the main strain of the rollers. The whole mill, without feed- 
table or other attachments, weighs over 15,000 lbs. The peculiar features of the Squier mills arc the 
rubber springs and wrought-iron stay-bolts. By means of the springs the rollers are, it is claimed, 
made self-adjusting. By nuts and screws the springs can be tightened so as to give any degree of 
elasticity; so that the greater the amount of cane passing through the rollers, the greater will be the 
pressure. The springs are thus claimed to insure even grinding of the cane, to prevent clogging or 
breaking from over-feeding, to facilitate feeding by rendering it easier to fe^ large and small canes 
together, and to make the mill run easier and steadier. The wrought-iron stay-bolts take the strain¬ 
ing pressure of the rollers, in connection with the rubber springs. In this respect, an important 
advantage is claimed for mills thus constructed over those in which the strain is thrown upon parts 
made of cast iron. 
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Fig. 4064 represents a three-roll, self-adjusting, vertical mill by the makers above named, designed 
for operation by animal-power, a sweep being placed in the socket A. This form of mill is adapt¬ 
ed for grinding the largest tropical cane, and is provided with the rubber springs, wrought-iron 
stay-bolts, and means of adjustment noted in connection with the larger mill above described. 

The yield of sugar-cane mills 
4064. largely depends upon the power 

used to drive them. It has been 
determined that with wind-power, 
utilized through wind-mills, the 
result is on an average but 50 per 




cent.; with animal-power, 68.5 per 
cent.; with water-power, 60.8 per 
cent.; and with steam-power, 61.9 
to 81 per cent. 

Defecation and Condensation. 

—The juice caught in the pan be¬ 
neath the mill is conducted through strainers to a tank, whence it is pumped to the defecators, or to 
a receiving vat from which the latter are supplied. A large number of defecating and concentrating 
systems have been devised, mainly with the object of saving time and fuel. The defecation of juice 
is produced by heat, which coagulates the albumen, and by the addition of lime, which neutralizes 


4066. 



the acid and renders some of the solid impurities insoluble. The heat is usually obtained from the 
products of combustion fiom under the kettles of the ** Jamaica train ” hereafter described, or from 
exhaust steam. The ordinary defecator is on oblong iron or copper tank holding some 600 gallons. 
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Into the top of this the juice is led by a pipe. A water-conduit is also supplied. Underneath the 
tank are outlet-cocks and two troughs, one serving to convey the clear liquor to the Jamaica train, 
and the other to convey the scum to a suitable tank. 

For raw sugar defecation only takes place. For vacuum-pan sugar 
the defecating process is followed by a clarification. In Fig. 4065 is 
shown a sectional elevation of ColwclPs round defecator. The juice 
from the mill is conducted to the tanks by the cock A, The tanks are 
heated by low-pressure steam admitted by the pipes C. The clear juice 
is drawn off through the strainer E. The nozzle F swings so as to direct 
the stream of clear liquor into the trough O. The foul or unpurified 
liquor is directed into the trough i/, the water-cock B being then opened. 

An elevation of the Colwell clarifier is shown in Fig. 4o66. A A' arc 
the tanks, B is the sirup-pipe, and C the pipe for the wash-water. D is 
a scum receptacle. F is an inlet for the live steam, which passes to a 
worm in the bottom of the tank, as shown in section at i i. G is a pipe 
for conducting the condensed steam to the trap H, JF is a return-pipe 
for the sirup, which may boil over into the receptacle D ; and at K arc 
the outlets for the liquor 

Evaporation is conducted either by the open-pan or the vacuum-pan 
process, according to the grade of sugar to be produced. 

The Open-Pan Proceta, —The Jamaica irain^ to which the jtiice passes 
after leaving the defecator, is one of the oldest and most effective forms 
of open-pan apparatus. It consists of a row of copper or iron kettles 
set in brickwork. The furnace is placed under the smallest pan at the 
end, and is conducted around the kettles to the chimney. Around the 
tops of the kettles is a trough for catching the scum. The construction 
of a Jamaica train is shown in vertical and transverse section in Figs. 

4067 and 4068. The kettles vary in diameter from 4 to 8 ft., the small¬ 
est being placed as shown directly over the fire. At 1 is shown the 
“ grand ** or receiving kettle, into which the juice is first conducted. 

Here the proper dose of milk of lime, or “ temper ” as it is termed, is 
added. From this kettle the juice is dipped up and passed to kettle 
No. 2, where the concentration begins, scum bein^ rapidly thrown up, 
and skimmed off by the attendants. When the juice is reduced to a 
sirup, it is pumped or ladled into kettle No. 8 ; and lastly it goes to ket¬ 
tle No. 4, or the battery, where it is boiled to proper density. The term 
“ teache ’* is by some authorities applied to all these kettles ; by others 
it is restricted to the last and smallest kettle of the series. The skip¬ 
ping teache ” is a small vessel having a valve at the bottom w hich is 
worked by a handle. It is lowered down by means of a crane into the 
teache, and the valve being opened it withdraws at once all the juice, 
which is then transferred to the coolers, in which granulating takes place. 

Coolers are of wood with thick sides, about 7 ft. in length, 6 or 6 ft. in 
width, and not iess than a foot deep. This depth and the thick sides 
are requisite to Secure slow cooling, without 
which the grains could not be coarse. In 
about 24 hours the graining takes place, the 
crystals forming a soft mass in the midst of 
the liquid portion or molasses. The separa¬ 
tion of the two products is effected by drain¬ 
age in what is called the curing house. This 
is a large building covering an open reser¬ 
voir. Frames are provided for hogsheads, so 
that the drippings from these shall flow into 
the reservoir. In the bottom of each hogs¬ 
head several holes are bored, and into each hole is put a crushed cane or the stalk of a plantain leaf, 
the lower end projecting several inches below the bottom. The hogsheads being filled with the soft 
sugary mixture, the molasses gradually drains away from it, dripping from the stalks. The opera¬ 
tion goes on for three to six weeks, till the sugar is con¬ 
sider^ sufficiently dry for shipping. It still retains con¬ 
siderable molasses, and in the moist hold of the ship the 
separation continues, the molasses leaking away and in¬ 
volving a serious loss. The ** Julius Robert diffusion pro¬ 
cess ” for extracting sugar from cane is in use at the sugar 
establishment of Messrs. Koch, in Bayou Lafourche, Lou¬ 
isiana. A series of tall cylinders connected by pipes are 
filled with thinly-sliced canes and water. The diffusion 
allows the hydraulic pressure to carry off the dissolved 
sugar. The water is heated by steam to about 190‘" by 
a tmiler through which the di^sion juice passes. It b 
said that a much greater proportion of the sugar is ex¬ 
tracted by this method, and that the clarifying process is much simplified and abridged. 

The Vacaum-Pan iVocew.— The Btilieuz ApparaiMa for boiling sugar m vacm is represented in 
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Fig. 4069, and is the invention of 
Mr. Norbert Rlllieux of New Or¬ 
leans. To heat the first pan, the 
escape steam from the mill en¬ 
gine is used, and an air-pump 
produces the necessary vacuum. 

The juice, after having been clari¬ 
fied and filtered, is pumped into 
pan Af from which it passes by 
the pipe e into the back of pan /?. 

Thence it is conducted by the 
pipe e' to the pan ( 7 , and from 
this pan it is pumped to the clari¬ 
fiers. Here the now concentrated 
sirup is heated and skimmed. It 
then passes to the bone-black fil¬ 
ters O, whence it goes to a vat 
from which the fourth or “ strike ” 
pan D is supplied. The vapor 
arising from the juice in pan A 
supplies heat both to the pan B 
and to the strike-pan D. The 
vapor from B passes through the 
colunm n and steam-chest k\ and 
op through the column o to boil 
the pan C. The vapor from G 
and D is taken to a condenser, 
where it is condensed by a jet of 
water. The waste-water from A 
is pumped back to the boilers; 
that from C, and I) is pumped 
to a vat, from which it is drawn 
for all the cleansings of the es¬ 
tablishment. 

Figs. 4070, 4071, and 4072 
represent an improved “double- 
effect ” apparatus on the Rillieux 
plan. A and B are the evapora¬ 
tors, and C is the first steam-inlet 
valve to the drum. The vapor 
arising in this drum passes through 
the pipe D into the rear ehaml^r 
at the end of B^ and thenee into 
the tubes shown in section in Fig. 

4072. The vapor passes to the 
condenser F by the pipe E, H 
is the liquor-pipe connecting the 
two pans. 

Fig. 4073 shows the internal 
construction of an ordinary “ tri¬ 
ple-effect ” pan. a is a plate of 
brass or composition secured to 
the circle and carrying the upright tubes through which the liquor passes. The steam for heating 
the liquor enters the drum and surrounds the tubes. 

The ColvcdL Apparatiu^ made by the Colwell Iron Works of New York, is represented in Fig. 

4074. A is the feed-pump; AA^ bot- 
tom feed-pipes; F, live-steam pipe, lead¬ 
ing into steam-drums; i), exhaust-steam 
pipe from receiver P, and connected with 
valves E; FF^ overflow from air-cylinder; 
6?, overflows ; condensation - escape 
from first pan; condenser; X, cold- 
water pipe and valve for condenser; Jf, 
air-cylinder of vacuum-pump ; iV, connec¬ 
tion between air-cylinder and condenser; 
O, supplementary eondenser for second 
and third pans; P, receiver; p, liquor- 
pipe from all pans to the mont-jus C; /S’, 
pipe connecting mont-jus and condenser; 

cold-water pipe to supplementary con¬ 
denser ; F, return from second drum to 
supplementary condenser; /, return from 
third drum to same; C, mont-jus; 
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livo-8team pipe for yacuum-pump; EE^ overflow from water-cylinder; TT, section of copper drum. 
The drums are composed of copper curbs having composition brass heads, into which are expanded 
copper tubes. When required to be cleaned, the joints on two pipes are broken, and the drum is 
lowered down and replaced with a spare drum, the foul drum being cleaned at leisure. During this 
process the operation of the other two pans need not be stopped, as the construction admits of the 
pans being worked at option as either a single, double, or triple effect. 

The course of the liquor is as follows: The pump A draws the liquor from the deposit tanks, the 
speed being so regulated as to keep the liquor in the first pan at a certain level with a vacuum of 

about 5 in. of mercuiy, and 
dOTl* at a temperature of about 

^ O 160“. Here it is evaporated 

to about 15“ or 16° Baum4, 
and is then conducted to 
the second pan, where the 
same level of liquor ia 
maintained, the vacuum be¬ 
ing at about 12 or 15 in. 
and the heat at 135“ to 
140®. It is evaporated to 
20® or 22® B., and conduct¬ 
ed to the third or finishing 
pan, where the best vacu¬ 
um and lowest degree of 
heat are maintained. Here 
it is reduced to a density of 
from 26® to 28® B. The 
juice is then led to the 
mont-jus C, which is con¬ 
nected to the condenser and 
with the clarifiers. It also 
has a steam-pipe, steam- 
gaug^andsaf^-valve. By 
opening the valve and con¬ 
necting the mont-jus with 
the condenser, a vacuum is 
formed equal to that in the 
third pan, and by opening the valve connecting it with the pan it receives a charge of liquor. These 
valves are then closed and the steam-valve is opened, when the liquor is forc^ up to the tanks 
that supply the clarifiers. By this means the vacuum in the third pan is not impaired, and hence 
the whole apparatus is kept in continuous operation. Each pan is connected with the exhaust-steam 
pipe D through the valves EEE, which are attached to the vapor-pipes from ^e overflows. Each 
pun also has a live-steam connection to insure against accident and give ample heating capacity. 
The first pan receives its heat through the valve E, and the vapor from the first pan passes through 



4072 . 
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the overflow G and into the drum of the second pan, which acts as the condenser for the first pan. 
The condensation is run through a trap, or it may be conducted direct to the condenser. The vapor 
generated in the second pan passes through its overflow and valves to the drum of the third pan, 
or direct to the condenser, while the vapor generated in the third pan passes through its own over¬ 
flow to the condenser. The condenser has an injection-pipe, and is also connected at the bottom 
with the air-cylinder of the combined air- and water-pump. The condensation of the second and 
third drums is connected with the supplementary condenser, the latter being connected with the 
water-cylinder of the pump. 
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Suoar-Rsfinino. 

The process of sugar-refinin**, as carried on in most large establishments in this country, is substan¬ 
tially as follows: On the ground floor the raw sugar is dissolved in hot water in large cisterns. 
Thence it is drawn off through strainers and pumped to the top story of the building, into vessels 
called blow-up pans, because steam was formerly blown into them to heat them. They are now 
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heated to about 208*" or 210° F. In these pans milk of lime is added to the liquor to neutralize to? 
acid, and it is then conducted to bag-filters on the lower floor. From the bag-filters the sirup is run 
through filters of animal charcoal 
or bone-black, and is pumped to [ 
vacuum-pans, where it is con- I 

ccntrated to the granulating or | ~ ~- f ( ' \ / 

crystallizing point. As soon as * ^ 

crystallization begins, the sugar j|=0^ __. L-=r;g- j.woi■ 

is run off; and if it is to be j = —v \ 

made into soft sugar, the sirup \ / | _1 

is (lischargtKi by means of cen- -j ^ '- 

trifugal milks. If it is for hard 

sugar, the sirup is allowed to i [^- | chvrvxhk 

harden in moulds. 

The general arrangement of a jjll - k. I A 

refinery is shown in Fig. 4075. ^ J U - ■ J L i - — J & 

77ie Mfltinp Pan is shown in _^ I | 

Fig. 4076. It has a convex bot- I , ^ 'w ___ _ 

tom, and a well D to form a I I vW 

subsidiary tank for the reception j —/ "" ^ . I - . . 'I 

of clear liquor. The raw sugar ,1 /J' 'i | j|| | 





is dumped upon the grating above, the lumps being broken and mixed with the water in the pan by 
means of the rams A. After passing through the strainer C the sugar is kept from settling by the 
propeller-blade and afterward finds its way to the well through the strainer E, .P is the cast-inm 

curb. 



The Blouf-up resembles the def¬ 
ecator used on plantations, but has 
a single bottom and is much larger. 
Its capacity is usually from 800 to 
1,500 gallons. It is heated by a 
worm and live steam. 

The Bag-FUtere^ 4077, are 
large iron boxes divided into sec¬ 
tions, each section containing two 
rows of bags, which are inserted 
through doors in the sides. The 
bags are held by nipples screwed 
into the top plates of the boxes, 
and are so arranged that if a part 
of them require removal this may 
be done without stopping Uie oper¬ 
ation of the others. The bags are 
double, the inner one being 40 in. 
and the outer 12 in. in circumfer¬ 
ence, so that the inner bag lies in 
folds, and thus presents a large 
straining area. Steam is admitt^ 
to the box to warm the liquor suf- 
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fidently to cause it to run freely. After the bags become choked with impurities, the contents of 
the filters are emptied into a tank, and the bags are washed and returned. The refuse is pressed, the 
sweet liquor going to the mixing pan, and the solid remainder is sold as manure. 

The Charcoal-FiUer 9 receive the liquor from the 
bag-filters, the same being collected in a large tank. 

The filter-cylinders are of iron, and are usually 10 
ft. in diameter and 18 ft. high. It was formerly 
the practice to make their height equal to six times 
their diameter. The cylinder is filled with animal 
charcoal, and the liquor is let in. When one filter 
is filled, its bottom cock is opened, and the liquor is 
conducted to the top of another filter, and thus 
through all the filters successively. If after pass¬ 
ing these filters the color of the liquor is unsatis¬ 
factory—that is, not pure and white—the filters are 
washed out by Emitting hot water at the top, and 
then allowed to drain until they do not drip. 

Sometimes steam is used, or an exhauster is appli^ 
to the bottom to draw off the water^air following 
to fill up the vacuum. The lower man-hole is then 
opened, and the spent charcoal is conveyed to the 
kilns by means of a suspended rail-car. The appa¬ 
ratus for and mode of revivifying the charcoal is 
described farther on. 

Vacuum-Pans ,—There are two forms of this ap¬ 
paratus : that in which the vacuum is produced by 
a spray-condenser, and that in which the vapor is 
exhausted by a separate vacuum-pump, the water 
of condensation escaping through the barometric 
column. The former is constructed on the wet sys¬ 
tem and the latter on the dry system. A wet-sys- 
tem pan constructed by Messrs. Colwell & Bro. of 
New York is represented in Fig. 4078. The ma¬ 
terial most commonly used is cast iron. The pan 
consists of a bottom with lugs for supports, a curb in one or two pieces, a dome, a crown, vapor-pipe, 
overflow, and condenser. If the pan is worked on the wet sy.stem, the condenser can be placed close 
beside it; if on the dry system, it must have at least 85 ft. of waste-water or ** leg " pipe, so as to 
counterbalance the pressure of the atmosphere. This is called the ** barometric column.” As this 
method requires the most water, the wet system is chiefly used on plantations, as the pump will act 
as a condenser and expel the air, it being especially constructed for that purpose. The heating sur¬ 
face is of seamless drawn copper tubes in serpentine coils, inclining to the centre. The bottom worm 
follows the dip of the bottom, and the top worm has about 4 in. dOip, enough to allow for run of con¬ 
densation ; while the intermediate worms are arranged between with graduated dips. The worms 
take steam from the outside, and the water of condensation is taken out through the bottom into 
traps. The diameter of the worm depends upon the size of the pan. The worms are secured to cast- 
iron braces by a cup and caps which securely hold them from jumping during the boiling, yet allow 
them to expand and contract without straining the bracing or chafing the worms. Eye-glasses are 
provided in the dome or curb, so that the boiling action may be observed; and vacuum-gauges are 
also applied. The lower draw-off valve is 16 in. in diameter. 

When a pan is to be charged, it is first filled with steam in order to expel the air. Water is then 
let into the condenser, and the vacuum-pump started. A vacuum is soon produced sufficient to draw 
in the liquor. When the first worm is covered, the steam is turned on and boiling is started. The 
quantity taken in at a charge depends upon the kind of sugar required. If a small-grain sugar is 
desired, charges can be frequent and copious. On the other hand, to produce a large grain, care 
must be exercised; for after the first charge is grained, no new grain should be allowed to form. If 
it is intended to purge the sugar cold, it is run into coolers, whence it is dug and conducted to the 
centrifugal machines. If the purging is to be done hot, the wagon is run direct to the mixer, and 
the centrifugal machines go to work immediately. The sugar is soon purged, cooled, boxed, and 
ready for the market. 

Centrifugal Machines, as above noted, arc used for the draining of sugar. The construction of an 
improved machine manufactured by Messrs. Lafferty of Gloucester City, N. J., is shown in Fig. 4079. 
It consists of a casing in which is a corrugated drum or basket attached to and supported by an up¬ 
right steel spindle. This spindle passes tli rough the casing, and as it rests upon the step and the step 
upon the lever, if the lever is lowered both spindle and basket are caused to descend, thus bringing 
the V-shaped brake on the bottom of the basket into contact with the wood friction inserted in the 
casing; and by this means the revolution of the machine is easily arrested. In order to start the 
apparatus, the lever is raised, thus lifting the basket and freeing the brake. The friction-cone then 
comes in contact with the friction-pulley, and motion is at once communicated to the spindle. The 
speed of the machine is from 800 to 900 revolutions per minute. The quantity of sugar purged by a 
machine of this class varies with the quality. Its maximum yield is with firsts (A), washed a little ; 
the weight of a charge varying from 125 to 160 lbs., the time of a charge from 8 to 5 minutes, and 
tlie product ranging from 1,500 to 3,000 lbs, per hour. 

Loaf-Sugar Cutting Machines .—In the manufacture of loaf sugar, the sirup from the vacuum-pan 
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is cooled in solid masses in moulds. These blocks are then 
cut up by suitable machines, two of which are illustrated in 
Figs. 4080 and 4081. In Fig. 4080, i? is a saw-arbor, sup¬ 
ported in a frame Aj and carrying a gang of saws C. In the 
frame A^ parallel to the saw-shaft, are rollers D jonmalcd 
at E. The carriage F has a number of longitudinal slots, 
the length of which is a little greater than the diameter of 
the saws together with the length of the sugar-loaf. In oper¬ 
ation, the loaf is placed upon the carriage and fed to the 
saws, which cut it into slabs. The slabs thus formed are 
divided into sticks and afterward into blocks by the ma¬ 
chine, the essential parts of which arc shown in section in 
Fig. 4081. A is the bod, over which the slab B of sugar is 
passed to or between India-rubber rolls C C, that feed the 
slab to and over a gang of circular saws I) Z>, which cut the 
slab into sticks. EE are elastic plate-like jaws which bear 
in a yielding manner on the sugar or cut sticks in rear of 
the same. Said sticks arc cross-cut to form cubes or blocks. 
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to the channel under the tubes C. They are entirely inclosed through the flue B, F F are similar 
tubes passing across the flue D, They connect the groove or channel under the tubes C with the up¬ 
ward flues G, The bottom of the chamber A is formed of two inclines, a a, sloping toward the sides, 
and forming channels, at the bottom of which are the discharge-openings o o. These lead by suitable 
pipes to the kilns, where the char is rebumed. 

The operation is as follows; The wet char is placed in the chamber through which it descends 
as it be<»me8 dry, and is drawn off through the openings oo. In descending, the char comes in con- 


as they emerge from the . jaws, by revolving cutter-beads FF^ moving, as regards their contiguous 
surfaces, in the same direction and in line with the feed. These cutter-heads may be of any desired 
shape in their transverse section, and may carry any number of cutters. The cutters (7 are tan¬ 
gentially arranged in relation 
with their hea^ and so that 
they cut back of the centres 
of ^e latter close to the elas¬ 
tic jaws EE, In this way or 
by these means the sticks are 
nipped into cubes or blocks 
in a regular and easy man¬ 
ner. 

The Char-Uowe is consid¬ 
ered a vital department in 
the economy of a refinery, as 
it is here that the spent char¬ 
coal from the filters is revivi¬ 
fied and made again fit for 
use. In Figs. 4082, 4083, 
and 4084 is shown the com¬ 
bination of ColwelUs drier 
and the Gondolfo kiln and 
sectional cooler, which is in 
general use. Fig. 4082 is a half front view; Fig. 4083, a sectional view of the kiln, and a section of 
the drier; and Fig. 4084, a middle elevation of the kiln through the ash-pit, and partial sectional view 
of the drier. Beginning with the drier, ^ is a rectangular box or chamber, forming a receptacle for 
the wet char. is a hot-air flue leading from the kilns below. (7 C7 are pipes leading through the 
chamber A from the flue B to the flue Dy which carries the hot air and gases to the chimney, or out 
to the open air. The pipes C are of the form shown in the cross-section. Fig. 4083. They have a 
round or oval form on top, and a flat bottom. At the sides, flanges reach down below the bottom of 
the tube, so as to form a channel on the under side below the flat bottom. EE short tubes, flat 
on the top and curved upon the bottom, reaching across the flue B from the air outside the apparatus 
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tact with the pipes (7, by which it is heated. It then passes down the sides^ and partially around and 
under the lips of each pipe C, so as to leave a channel or hollow under the tube between the down¬ 
ward-projecting ribs. Through the opening thus made fresh air passes by means of the short tubes 
E and and the flues G. This carries off the moisture from the heated dbar and dries it. The char 
is first heated by the hot air from the kilns passing through the pipes C, and is then exposed while 
so heated to the current of air acting directly upon its surface in the channels under the pipes, so 
that it is dried as rapidly and thoroughly as possible. For the purpose of getting at the floes for 
cleaning or repairing, the face of the apparatus is made with removable gates, as shown at 11 in Fig. 
4083. The gates over the other openings are supposed to be removed. The char leaves the drier at 
a temperature of almost 200° F., so that after a few minutes’ exposure to the air it is quite diy on the 
surface. It is received into bin if, which is directly over the top of the retorts; and as the diar is 
drawn from the coolers the retorts are charged automatically. The ordinary kiln is of cast iron. The 
retorts are of an oval pattern, and are set 12 on each side of the fireplace, which is about 18 in. wide 
and 8 ft. long. The retorts are entirely surrounded by a fire-brick wall, outside of which are the flues 
into which the gases escape through small outlets behind each retort after it has done its work. 
In this case the fire has to revivify through 4 inches of char. With the Gondolfo kiln, however, there 
are no flues in the walls, the products of combustion being admitted into the inner pipe or flue, which 
together with the outer pipe is set in the double socket so formed that, after the heated gas has done 
its work upon the outside pipe, it performs a further duty in its upward passage to the flue under the 
drier. The annular space between these two pipes is at^ut 2 in. The char passes into a series of 
seven small coolers. 

In Fig. 4088 is shown the Gondolfo kiln. The bottom plates 0 are pierced for the sockets if, and 
bolted to the party-beams P ' and P, and the ash-pit girders Q and which are in turn supported 
by the columns. The double sockets M are for the reception of the outside retort O and the inside 
one H, Openings R are provided to admit the heated gases into the inner retort. 

Beft-Sugar Manufacture. 

The processes of manufacture of surar from the beet-root are as follows: The beets, having been 
gather^ from the ground and deprived of their tops, are carted to the storing place or into the wash¬ 
ing room of the factory, each load being accurately weighed as it is brought in. Here they are fed 
into the washing apparatus, which cleanses them from all adhering dirt, and delivers them to the ele¬ 
vator. The elevator raises them into the hopper of the rasping machine. This machine reduces them 
to a fine pulp or to thin slices, according to the method whi(£ is used in the factory for extracting 
the juice. 

The methods of extraction are four in number, as follows: 1. By hydraulic presses; 2. By centri¬ 
fugal machines ; 3. Schiitzenbach’s maceration process; 4. Robert’s diffusion process. 

The Extraction by Hydraulic Preesea is the oldest process practised. It requires the most manual 
labor and considerable motive power. There is also considerable expense attached to it, on account 
of the destruction of the press-cloths, or sacks, in which the pulp is held while being subjected to the 
pressure. Great care is also necessary in washing the press-cloths so as to prevent fermentation. 

The Proceee by Centrifugal Machina is much cleaner, and requires less manual labor, although 
considerable motive power is necessary for giving motion to the machines. A satisfactory result in 
this process depends almost' wholly upon the proper use of water in the machines. It is absolutely 
necessary that just the right quantity should used at the proper time, in order to get the best per¬ 
centage of the juice from the pulp, in the most concentrated state. 

SehiUzenbacEe Maceration Process requires but very little power and less manual labor than the 
process by centrifugal machines. The labor, however, must be intelligent in order to secure p^ect 
and thorough maceration of the pulp. In this process, the maceration is almost too thorough when 
it extracts the largest percentage of saccharine from the beets, since the substance of the beets is 
decomposed and much of it is carried off in the juice. This causes so much impurity as to seriously 
retard the crystallization of the sugar. The refuse pulp contains so much water that the use of either 
presses or centrifugal machines is necessary to make it fit food for cattle. 

RcberCs Diffusion Process is now acknowledged to be the most economical of any, both in first 
cost and in working. The beet-roots are cut into small thin slices and put into a chamber, in the 
centre of which is a cylinder containing a feeding screw, driven by gearing from above. The sliced 
beet-root is passed through a hopper to the bottom of the feeding diamber, whence it passes out 
through openings into the outer cylinder or diffuser, and, gradually rising to the top, is carri^ off by s 
regulating rake, driven by independent gearing. From the top of the diffuser water is slowly supplied 
through small pipes, meeting in its descent the most exhausted of the slices as they rise to t^ dis¬ 
charge level, and passing through to the richer material as it becomes more and more saturated. At 
the bottom it issues through perforations or outlet-pipes, and is carried off to a cistern, where it is 
heated, and is then returned upon the beet by the central feeding tube, by which the beet is suf^ed 
to the diffusing chamber. 

Carbonatation consists in the saturation of the defecated beet-juice with carbonic-acid gas. The 
carbonatation pans, in which the defecated and scum juices are treated, are furnished at the bottom 
with a pipe pierced with three parallel rows of small holes, one-eighth of an inch in diameter, through 
which the carbonic acid is forced into the liquid. There are also coil-pipes or double bottoms, for 
heating by steam while the process is going on. When “ foaming ” has ceased, the carbonated juice 
is drawn off into large receivers or settling tanks, where it is allowed to settle, after which the juice 
is ready for the filters, unless, as is often done, it is subjected to a second carbonatation. The defe¬ 
cated and carbonatated juice, after being drawn from the pans into the mont-jus, is forced to the 
tanks over the charcoal filters, while the scums are subjected to the action of the filter-press in order 
to extract the saccharine juice which they hold. After having once passed through the filters, the 
juice is conveyed into the evaporators, which concentrate it, by evaporating a portion of its water, into 
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sirup of 24"* or 28° B. At this point of concentration these sirups are passed through the charcoal 
filters into the vacuum-pan to be concentrated to 40° or 42° B. From the vacuum-pan the sirups are 
drawn into vats or “ crystallizers,” where the sugar is left to deposit itself in a solid form, which 
afterward allows of its being freed from the surrounding molasses. The complete separation of the 
crystals from the molasses is effected in centrifugal machines. 

Works for Reference ,—” Statement of the Sugar Crop made in Louisiana,” Champomier (annual 
reports. New Orleans, 1846-’67); “Sugar-Planter’s Manual,” Evans, London, 1847, Philadelphia, 
1848; “Practical Sugar-Planter,” Wray, London, 1871; “Sugar Cultivation in Louisiana, Cuba, and 
the British Possessions,” Leon, London, 1848 ; “Practical Treatise on the Cultivation of the Sugar- 
Cane, and the Manufacture of Sugar,” Kerr, I^ndon, 1851; “ Manufacture of Sugar and the Machin¬ 
ery Employed,” Burgh, London, 1866; “History of Sugar and Sugar-Yielding Plants,” Reed, Lon¬ 
don, 1866; “Treatise on the Manufacture of Sugar,” Barnes, London, 1872. The manufacture of 
beet-sugar is described by Dumas in his “ Trait6 de Chimie appliqu6e aux Arts,” vol. vi.; see also 
“ De la Fabrication du Sucre de Betterave,” Bureau, Paris, 1868; “ Beet-Root Sugar and Cultivation 
of Beet,” Grant, Boston, 1867; and “Manufacture of Beet-Root Sugar,” Crooks, London, 1870. 

SURFACE-PLATE. See Plamometer. 

SWITCH RAILROADS. See Railroads, Construction of. 

TALKING MACHINE. See Phonograph. 

TAN-BURNING FURNAC’E. See Boilers, Steam. 

TAPPING MACHINE. See Screw-making Machines. 

TAPS. See Screw-Threading Taps and Dies. 

TEDDER. See Agricultural Machinert. 

TELEGRAPH. The different systems of telegraphy in practical use depend upon electro-magnet- 
ism or chemical action. (For pneumatic telemph, see Pneumatic Dispatch.) In this country the 
telegraph devised by Morse and Henry is chiefly employed, the apparatus being actuated by electro¬ 
magnetism. The principal instruments in this system are the following: 

The TVansmiUer or Key^ Fig. 4086, serves to connect and disconnect the circuit at a given point 
on the line, and by so doing to transmit signals. It consists of a brass lever X, swung on pivots, and 
having on one end a button. When this button is pressed down two platinum wires, a and 6, are 
brought into contact, thus closing the circuit; when the pressure is removed a spring lifts the lever, 
separates the wires, and breaks the circuit. When the message is sent, the operator permanently 
closes the circuit by springing to the left the lever N, which brings into contact the duplicate plati¬ 
num wires a' and h\ The signals are formed by breaking up the continuous flow into long and short 



intervals or waves—the short waves by a momentary depression of the key-lever, and the long waves 
by a depression of longer duration. These waves, passing over the wires to the distant station, actu¬ 
ate the recording mechanism, making long and short indentations on a continuous strip of paper. 

The Register or Recorder^ Rg. 4087, consists of a train of gearing, deriving its power from a weight 
or coiled spring, which serves slowly to carry forward between two cylinders a continuous strip of 
soft paper P three-quarters of an inch in width. On the upper cylinder there is a small groove, in 
close proximity and opposite to which is an indenting point upon the end of the lever X, actuated by 
the electro-magnet M. The passage of a short wave over the line and through the coils of wire sur¬ 
rounding the iron cores causes the latter to beepme magnetic, and the iron armature A of the lever 
is thus attracted. The indenting point upon the other end of the lever is brought in contact with the 
moving strip of paper, pressing it into the groove and thus recording a dot. If a long wave is trans¬ 
mitted, the armature remains attracted to the cores of the magnet for a longer time, and the indent¬ 
ing point makes a long indentation owing to the moving of the paper when the lever is attract^. 
This long indentation is called a dash, and by a combination of one or more of these characters a dis¬ 
tinctive signal is given for each letter of the alphabet. The annexed is the combination of dots and 
dashes forming the letters of the alphabet which is used upon the American lines, and with slight 
modifications upon those of all countries: 

LETTERS. 


A — 

E- 

I-- 

M- 

Q- 

U- 

B- 

F- 

J- 

N — 

R- 

V- 

C- 

1 G- 

K- 

0- - 

8 --- 

W- 

D- 

1 11 ---- 

L- 

P. 

T- 

X- 
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PUNOTUATIOJr. 

Period- I Interrogation- I Quotation- 

Comma- | Exclamation- 1 Parenthesis- 

In practice, the magnet of the recorder or register is seldom influenced bj the direct action of the 
current upon the line, especially upon lines of considerable length, as for example that between New 
York and Washington. Considerable power is required to effect the indentation of the paper, and a 
current of sufficient strength cannot be made to pass through such an enormous length of wire except 
by the use of a very powerful batteiy. To dispense with the use of the latter, and obtain sufficient 
power to effect the indentation of the paper, a magnet sensitive to feeble currents.is substituted for 
the recording instrument in the line, and the latter is placed in a secondary or local circuit containing 
but a few feet of wire and one or two jars of battery. 

Thi Relay^ Fig. 4088, is provided with a delicately>pivoted lever Z, which is limited in its motion 
by two screws, the one on the right, 6, being tipped with platinum, as is also the lever at a opposite 
to it The spiral spring 8 serves to draw the lever away from the force of the magnet when the iron 
core ceases to attract the armature. The lever and point form part of the local circuit containing the 
register, and serve to stop and start the flow of electricity therein, in the same manner as the signal' 
ing key does in the main circuit as previously described. The relay is therefore nothing more than a 
signaling key operated by electro-magnetism instead of by tlie hand of the operator. If a wave is 
sent from the distant station, the lever of the relay is attracted, the lever and point come into con¬ 
tact, closing the local circuit, influencing the register magnet, and causing an indentation to be made 
corresponding to the length of the wave. The relay lever, performing no work and making but the 
slightest movement, is set in motion by a current many times less in strength than that required to 
indent the paper. For the transmission of dis¬ 
patches in either direction, a battery, key, relay, 
and register are required at each station ; and any 

4088. 


number of stations may be included within the 
same circuit or line, the attention of the operator 
at any particular station being called by frequent 
repetitions upon the line of a specific signal given to that station. The use of a strip of paper for 
recording the signals is falling gradually into disuse in this country, the signals being generally read 
by the sound which the lever of the register makes in striking its upper and lower limiting stope. 
The paper-moving mechanism is dispensed with, and a simple electro-magnet and lever used instead. 
This is called a Bounder^ and is shown in Fig. 4089. The armature A is attracted by the electro¬ 
magnet if, causing the lever L to vibrate between the screws 8 8^ which are so adjusted as to limit 
the vibrations. 'Ais apparatus is placed in the local circuit. 

In nearly all foreign countries a modification of the Horse register is used, which consists in sub¬ 
stituting an inking wheel for the indenting point, and recording the dots and dashes by depositing 
ink upon the fillet of paper. Of late years many improvements have been introduced in the Morse- 
Henry system, among which may be mentioned the repeater or translator for repeating the signals 
from one circuit or line into a second, or any number of circuits. It is impossible, as lines are at the 
present time constructed, to work between New York and Chica^ direct; but by the use of repeaters 
a message may be transmitted from New York to San Francisco through repeaters stationed at 
Buffalo, Chicago, Omaha, Cheyenne, Ogden, and Salt Lake City. The principle of the repeater is the 
same as the action of the relay and register in a local circuit, as previously described. Upon trans¬ 
mitting a signal from New York, the electro-magnet at Buffalo attracts an armature and lever included 
in the circuit from Buffalo to Chicago. The connecting points arc brought in contact, and a powerful 
battery stationed at Buffalo is put in communication with the Chicago wire. This causes the 
at Chicago to attract its lever and close either a local circuit containing a sounder or another circuit 
extending to Omaha. 

Multiple Telkoraphy. —^The greatest advance in the above-mentioned system has been made but 
recently in the introduction of the duplex system by Steams, and the quadruplex by Edison. By ibc 
use of the former apparatus two distinct messages may be transmitted over a single wire in opposite 
directions at the same time, without interfering with each other. This is attaint by arranging the 
apparatus at each terminal station in such a manner that the transmission of a signal from one will 
not affect the apparatus at that station. This is accomplished by providing the signaling magnete 
with double coils wound in opposite directions, so that if a current be transmitted through one coil 
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upon the magnet into the line, it ia prevented from acting by the tranamiasion of a current of equal 
strength through ita extra coil into an artificial line. The effect of the current in each coil ia to set 
up contrary magnetism, hence none is produced; but such a balance does not obtain at the other ata- 
tion, and therefore the signal is received. The transmission of a signal from the other station takes 
place in precisely the same manner. 

The quadruplex system, which transmits four messages at the same time over one wire, two in one 
direction and two in the other, ia fast replacing the duplex both in this country and in Europe. By 
its aid two messages are transmitted by increasing and decreasing the strength of the currents at each 
terminal station, and the other two by altering the direction in which the currents flow at each. At 
each station there are two relay magnets, one of which responds only to strong currents independent 
of the direction in which they flow through the circuit, while the other responds only to a change in 
the direction of the flow. Multiple transmission is effected in various ways, too complicated to admit 
of description here. They will be found considered in detail in ** Electricity and the Electric Tele¬ 
graph,” by George B. Prescott, New York, 1877. 

Tn^PaiNTiNO Telsoraph Ststims. —The first printing telegraph brought into practical use was 
devised by Royal E. House of Vermont in 1846. It consists of two entirely distinct parts—the trans¬ 
mitter or commutator, and the receiver or printing apparatus. The transmitter is a toothed contact* 
wheel, so arranged that when it is made to revolve the circuit is closed or broken 28 times. On the 
same shaft as this wheel is a cylinder, and on the cylinder are spirally placed 28 pins. The cylinder 
is arranged beneath a keyboaM of 28 keys. When any key is depressed its detent is struck by the 
corresponding pin upon the cylinder in its revolution, and the motion of the latter together with that 
of the contact-wheel is arrested. Each key-, pin-, and wheel-contact corresponds to a letter, punctua¬ 
tion mark, or space. When the cylinder is turned from one letter to another, exactly such a number 
of contacts and interruptions are given as will bring a type-wheel in the receiving apparatus around 
to the same point. \^en the type-wheel stops, an eccentric forces a strip of paper against an ink- 
band, and presses it against the type-wheel with sufficient force to obtain an impression of the letter 
which happens to be in position. The House apparatus was quite extensively used on some lines in 
this country between 1849 and 1860; but it has been gradually superseded by the Phelps instru¬ 
ment below described. 

The apparatus of this kind in most general use in France and Germany is that of Prof. Hughes of 
London (formerly of Kentucky). It is not used in this country. Two type-wheels are kept rotating 
synchronously together at each station, by means of a train of gearing provided with a governor. 
Connected to the mechanism is a transmitting cylinder, arranged with and controlled by a keyboard 
having a key for each letter of the alphabet A printing lever, controlled by an electro-magnet 
placed in the main line, causes the printing of a letter upon a long fillet of paper, while the type- 
wheel is rapidly moving. This movement is caused by the energizing of the controlling magnet by 
the transmission of a single wave from the distant station at the proper time. Simultaneously with 
the printing of a letter, the type-wheel, by the action of the printing lever, is thrown slightly forward 
or backwai^, thus correcting at every impression any slight variation in the synchronous movement 
of the transmitting mechanism of the wheel. 

The best apparatus of this character is that invented by Mr. G. M. Phelps, and in use upon the 
lines of the Western Union Telegraph. It is known as the dcctro-motor telegraph. The train of 
gearing is replaced by a simple but powerful electro-motor, and the defects of the Hughes apparatus 
are entirely eradicate, and the speed of transmission greatly increased. Like the Hughes appa¬ 
ratus, the transmitting device and type-wheel of the receiving instrument are caused to revolve s^- 
chronously under control of a governor, and each separate letter is printed by a single pulsation of 
the electric current, of a determinate and uniform length, transmitt^ at a determinate time; but, 
unlike the Hughes apparatus, the motion of the type-wheel is arrested while each letter is being 
printed, and it is automatically released the instant the impression has been effected. By this means 
a speed of transmission has been attained upon this instrument exceeding anything which has 
hitherto been regarded as possible. 

The Hughes and Phelps apparatus are only adapted for working on long circuits. Many simple 
printing instruments have b^n devised of late years for use upon short wires operated by private 
parties, and for transmitting from a central station market quotations to various parts of a city, re¬ 
cording the same by printing upon fillets of paper. Those generally in use have a type-wheel rotated 
by means of a lever which is vibrated by an electro-magnet actuated by the transmission of a series 
of pulsations within the circuit in which it is placed. The lever causes the type-wheel to revolve by 
means of a pawl and ratchet-wheel step by step. When a letter Is to be printi^, the wheel is brought 
into a proper position, and another electro-magnet attracts a lever and effects the impression. The 
printing magnet is worked independently of the type-wheel, either by increasing the strength of the 
current, by a sudden cessation of the rapid impulses which reciprocate the type-wheel lever, or by 
changing the direction in which the current flows through the circuit. Printing instruments for pri¬ 
vate use have also been invented which work upon the magneto-electric principle, dispensing with all 
batteries, the currents being generated by magnetic induction set up in the act of transmitting the 
message; but this form of apparatus requires a constant power to be applied to generate the cur¬ 
rents. 

The needle system of Wheatstone, once exclusively used upon the English lines, is fast growing 
obsolete, being replaced by the American system. 

Thb Mirror Ststzm. —^The most delicate of all known telegraphic systems was invented by Sir 
William Thomson, and is exclusively used on long submarine cables. The signals are read by 
the deflections of a spot of light to the right or left of a zero point upon a scale. In the centre 
of a bobbin of fine insulated wire, included in the cable circuit, is placed a small thin mirror a quar¬ 
ter of an inch in diameter, and suspended by a single fibre of silk. To the back of the mirror is 
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secured a piece of thin steel highly magnetized. A beam of light from a lamp is thrown upon the 
mirror within the coil. This beam is reOected back to a paper scale some three feet distant, and 
there shows as a long, thin spot of light. The passage of a current over the cable and through the 
bobbin causes the magnetized spring and mirror to be deflected to the right or left according to the 
direction of the current, and the movement of the spot in various directions serves to give the neces< 
saiy signals to form the message. 

The general arrangement of apparatus is shown in Fig. 4090. In the centre of the bobbin is the 

circular mirror which carries the 
magnetized needle, rendered astatic 
by the magnet E fixed to a vertical 
rod above the galvanometer. C is 
the commutator of the apparatus, 
B the manipulator, with two keys. 
To the negative currents corrcspcmd 
the deflections of the needle and 
mirror to the left; to the positive 
currents, those to the right. F is 
a darkened chamber inclosing the 
scale on which are formed the 
images of the flame of the lamp 
situated behind it. The luminous 
beam passing through a hole in the 
side of the chamber follows the path 
falls upon the mirror, and is re¬ 
flected to the zero of the divided 
scale, when the mirror is unmoved. 
At each passage of the current sent 
through the cable, the mirror oscil¬ 
lates as already described. At A is 
a battery of DanielPs elements, and 
at J the communication is made 
with the earth. 

A modification of this instrument is the beautiful siphon recorder, also invented by Sir William 
Thomson. This apparatus is so arranged as actually to delineate upon paper the very irregular 
movements of the mirror-galvanometer needle. Fig. 4091 shows the form of siphon recorder in use 
upon the French A*tlantic cable. The apparatus consists of a very light rectangular coil, b 6, of exceed¬ 
ingly fine insulated wire, suspended between the poles of a large and powerful electro-magnet N 8^ 
wMch is charged by a local battery of large size. Within the coil is a stationary soft-iron core a, 
which is powerfully magnetized by induction from the 
poles E 8. The coil b b swings upon a vertical axis 
consisting of a fine wire //i, the tension of which is 
adjustable at A The received currents pass through 
the suspended coil, the suspension wire fj\ serving ns 
the conductor; the coil is impelled across tlie magnetic 
field in one direction or the other, according to the po¬ 
larity and the strength of the current passing through 
it. The magnetic field in this a])paratus is very intense 
and very uniform, which makes the apparatus sensitive 
to the weakest currents. The Fij)hon n consists of a 
fine glass tube turning upon a vertical axis /. Tlio 
shorter end is immersed in the ink- reservoir m, and the 
longer end rests upon the paper strip o o. The siphon 
is pulled backward and forward, in one direction by the 
thread A:, which is attached to 
the swinging coil b 6, and in 
the other by means of a re¬ 
tracting spring attached to an 
arm on the axis f, and con¬ 
trolled by an adjusting spin¬ 
dle. The paper is caused to 
move at a- uniform rate by 
means of gearing driven by 
a small electric engine. Fig, 

4092 is a facsimile of the 
writing of the siphon record¬ 
er, at a speed of 18 or 20 words per minute through a cable 800 miles in length. The upward waves 
represent dots, and the downwai^ waves dashes. The international alphabet is here used, which is 
slightly different from the American alphabet. In working very long cables, the action of the cur¬ 
rent upon the swinging coil hs very feeble, and the friction of the siphon against the paper strip, if 
allowed to come in actual contact with it, would interfere with the freedom of its movement. In 
Buch cases the point of the siphon does not actually touch the paper; the ink and the paper arc 
oppositely electrified by an inductive machine driven by the same electric engine that moves the 
paper, and the electrical attraction causes the ink to be ejected from the siphon on to the pajycr. 
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Thi Autoobaphic System. —By means of this system messages may be transmitted in the hand* 
writing of the sender, and pen-drawings may also be sent The most successful types of apparatus 
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are those invented by Cassells and Meyer, both of which are in use upon one or two lines in France. 
The Cassells apparatus consists of two large pendulums kept swinging in unison by electro-magnets 
placed in the line-wire. One pendulum transmits electric waves at certain intervals, which, acting 
upon the magnets, cause them to correct any variation from exact unison of swing. Connected to 
one pendulum is the transmitting and receiving apparatus. The message for transmission is written 
upon metallic foil with a non-conducting ink; this is laid upon a platen connected to the earth through 
a battery. A fine platinum wire connected to the line-wire is reciprocated from one end of the foil 
to the other, the foil being advanced one-hundredth of an inch after each reciprocation until the 
point has passed over the whole of the foil. The platinum point when passing over the foil allows 
the current from the battery to pass over the line. At all points, however, where it passes over the 
non-conducting ink with which the message is written, the current is prevented from passing into the 
line. At the distant station a similar point is reciprocated over a platen, upon which is laid a sheet 
of chemically-prepared paper; the passage of the circuit through the reciprocated point and moist¬ 
ened paper causes a blue mark to appear. If both pendulums are started at the same instant, the 
form of the metallic foil upon which the message is written will be reproduced upon the chemical 
paper by blue lines blending one into the other. But owing to the non-transmission of any current 
where the transmitting point passes over the non-conducting ink, no mark will appear; hence the 
message will be inscribed in white characters upon a blue ground. By an ingenious device Cassells 
reverb this action and caused the characters to be recorded in blue upon a white ground. The 
manner of preparing the message, as well as the complication of the apparatus, has prevented the 
general adoption of this system. 

The apparatus invented by Meyer is more simple than that of Cassells. Recording by chemical 
action is replaced by a record with ink. At each station the synchronously-moving iron style is re¬ 
placed by a rotating cylinder, a single spiral rib on which glides over the foil, on which the commu¬ 
nication is written as before. At the receiving station an ink-roller revolves in contact with the 
edge of the screw-thread, and just beneath the cylinder is a band of paper which advances S3mchro- 
nously with the foil sheet at the sending station. At the latter the current is sent to the line as often 
and as long as the screw comes in contact with the non-conducting writing on the tin foil. At the 
receiving station the current passes through an electro-magnet, whose action raises a platen located 
directly under the cylinder, and the paper, pressing the latter against the inked edge of the screw- 
thread, thereby produces an impression. 

Cowper'B Writing Telegraph ,—The autographic system of telegraphy explained in the foregoing 
paragraphs transmits a copy of the writing or sketch. By the writing telegraph devised by Mr. E. 
A. Cowper of London, the message is transmitted by the act of writing it. The principle of the 
apparatus depends on the well-known mathematical fact that the position of any point in a curve 
can be determined by its distance from two rectangular codrdinates. It follows, then, that every 
podtion of the point of a pencil, stylus, or pen, as it forms a letter, can be determined by its dis¬ 
tance from two fixed lines, say the adjacent edges of the paper. Moreover, it is obvious that if 
these distances could be transmitted by telegraph and recombined so as to give a resultant motion 
to a duplicate pen, a duplicate copy of the original writing would be produced. But inasmuch as the 
writing stylus moves continuously over the paper, the process of transmission would require to be a 
continuous one; that is to say, the current traversing the telegraph line, and conveying the distances 
in question (or what comes to the same thing, the up and down and direct sidelong ranges of the 
stylus) would require to vary continuously in accordance with the range to be transmitted. Mr. 
Cowper effects this by employing two separate telegraphic circuits, each with its own wire, battery, 
and sending and receiving apparatus. One of these circuits is made to transmit the up and down 
component writing of the penciTs motion, while the other simultaneously transmits its sidelong com¬ 
ponent At the receiving station these two components are then recomposed by a pantograph ar¬ 
rangement of taut cords or levers, and the resultant motion is communicated to liie duplicate pen at 
that place. The plan adopted by Mr. Cowper to transmit each continuously varying component is to 
cause the resistance of the circuit to vary very closely with the component in question. An illus¬ 
trated detailed description of the apparatus appears in Engineering^ xxvii., 180. 

Automatio Systems. —In these systems the transmission and reception of the message over the 
wires are conducted entirely by automatic machinery. There are three in use, those of ^Vheat8tone, 
Siemens-Halskc, and Edison. All are based upon the same principle as that of the controlling cards 
of the Jacquard loom. Three essential devices are embodied : (1), the perforator or puncher, for pre¬ 
paring the message by perforating the characters in the strip of paper; (2), the transmitter, for 
causing such characters to be sent in the form of electric waves through (3) the receiver, which 
carries forward a strip of paper, upon which the characters are recorded either by chemical decom¬ 
position or by ink. The Wheatstone punchers consist of three keys, one for the dot, one for the 
dash, and one for feeding the paper forward a short distance after each letter has been perforated. 
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The paper is prepared at a speed of from 18 to 20 words per minute. The Siemens>Halske per¬ 
forator is similar to the Wheatstone. The Edison perforator consists of a keyboard of 28 keys. 
The depression of a key perforates the letter entire, and feeds the paper the proper distance forward. 
The paper is prepared at a speed of from 35 to 60 words per minute. The Wheatstone transmitter 
consists of a clock movement, which sets in rapid vibration two rods, which operate by levers to 

open and close the electric currents, and 
which when the strip contains no perfora¬ 
tions strike against the paper, and are thus 
limited and prevented from transmitting a 
wave over the wire. When a perforation 
occurs, the rod or rods pass upward through 
the hole. Having thus greater latitude of 
movement, they allow the circuit-closing 
levers to come in contact, and a wave is 
transmitted. The action of one rod serves 
to transmit a wave in one direction, while 
the action of the other rod serves to transmit it in another, so that the characters are sent by rever¬ 
sals of the direction in which the circuit flows through the line; a fact necessary with this system, 
owing to the peculiar arrangement of the receiving apparatus. Accurate feeding of paper is at¬ 
tained by using a supplementary row of holes plac^ at equal distances from each other, and the 
paper is carried forward by a toothed wheel engaging the holes. Fig. 4098 is a specimen of a per¬ 
forated strip used in the l^eatstone system. The perforations which regulate the contact-making 
portion of the transmitting apparatus are represent^ by the larger circles, while the centre row of 
holes is represented by the smaller circles. By this row of holes the paper is carried forward on 
the transmitter. The slip is perforated for the letter R of the intemationid alphabet. 

The transmitter of the Siemens-Halske system consists of a magneto-electric apparatus. The cur¬ 
rents necessary for signals are obtained by induction, and pass over the wire alternately in one or 
the other direction. The transmission of the currents so generated is regulated by the groups of per¬ 
forators. 

In Edison^s system the transmitter consists of a drum rotated by a crank connected to the battery 
and earth, and which serves to carry the paper forward with great rapidity. Resting on the paper 
is a double spring tipped with small platinum wheels. These are both connected to the line, and 
arranged so that they will come in contact with the drum where a hole in the paper passes under 
them, thus connecting the line with the battery. Fig. 4094 shows a strip perforated with Edison's 
apparatus. The first group of holes represents a dash, and serves to transmit a long wave. The 
upper perforation is used in conjunction with one wheel, to bridge over the intervals between the 
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two lower perforators by keeping the line in contact with the drum while the other wheel is passing 
the space l^tween the two smaller jioles. 

The receiving apparatus employed by Wheatstone consists of a clockwork for drawing the paper 
forward on an electro-magnet which gives motion to an ink-wheel. The electro-magnet is polarixed 
by having its core made permanently magnetic; hence it responds only to signals formed by revers¬ 
ing the direction of flow of the current through the wire. A positive current, for instance, causes 
the polarized magnet to bring the ink-wheel out of an ink-reservoir and up to the paper, so that it 
continues to deposit ink upon the latter until a negative current is transmitter^ which causes the 
magnet to attract the lever and ink-wheel away from the paper. This system is employed only in 
England. The highest speed is 180 words per minute on short lines. The ave^e speed on all 
lines is 100 words per minute. The receiver of the Siemens-Halske system is siii^ar to that of 
Wheatstone, and the speed about the same. 

The receiver of Edison's system is an electro-chemical one, the characters being formed by the 
electric decomposition which takes place when a current of electricity is passed through mobtened 
paper by means of a metallic wire resting upon it. A drum rotated by a crank serves to carry for¬ 
ward the moistened paper. The drum is connected to the earth. A wire resting upon the paper is 
connected to the line; the wire (usually brass) is tipped with metallic tellurium. When no current 
passes through the line, point, paper, and drum, no mark is made; but if a single wave is trans¬ 
mitted, the passage of the current through the moistened paper causes the decomposition of the 
water, setting free oxygen and hydrogen. The hydrogen combines instantly with the tellurium to 
form hydrotelluric acid, and almost but not quite simultaneously the acid is decomposed by the action 
of the air, depositing ^ely-divided tellurium upon the paper, and leaving a very bla^ish brown 
mark the width of the wire, and of a length equal to the lenj^h of the electric wave transmitted. 
The characters are recorded with extraordinary rapidity, 3,160 words having been transmitted from 
Washington and recorded by this means in New York in one minute; and the characters are so 
sharp and clearly defined that a sentence of four words can be recorded in the space of one-eighth 
of an inch. Another modification consists in using an iron point and moistening the paper with 
chloride of sodium and ferrid-cyonide of potassium. The passage of the current causes the fonoa- 
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tion of protoxide of iron on the point, and the ferrid-cjanide combines instantly with it to form 
Turnbull blue. The results are not equal to those of the tellurium point. An important adjunct to 
the system, by means of which high speed in transmission is obtained, is the use of a compen¬ 
sating system, whereby the retarding effect known as the static or after charge is rendered null on 
lines of ordinary length. The compensator consists of a series of electro-magnets contained in an 
artificial line at both the transmitting and receiving stations. The passage of the current through 
the line transmitting the signal sets up the static or after charge, whUe its passage on the artificial 
lines charges the magnets, which upon the cessation of the main circuit (the extra current from the 
magnet having a tendency to pass into the main line in one direction) is balanced by the tendency 
of the static or after charge to pass in the opposite direction. Hence, the moment the battery is dis¬ 
connected from the line, the signal upon the chemical paper ceases. Were no compensation used, 
the characters would at high speed be so polarized as to run into each other and make a contin¬ 
uous unintelligible mark. This system has been in use for a number of years in this country. 

Many other automatic systems have been devised, but those above mentioned are the only ones 
that have come into extended use. 

AenroM ATic Ttpo-Telkgraph Systems. —In these systems Roman letters are transmitted and re¬ 
corded instantaneously. The first system invented was that of Bonnells, Fig. 4095. The transmitter 
consists of a traveling carriage moved by power, the message being set up in type, which are con¬ 
nected to the battery and to earth. A comb if, of five points, is placed in line with the type, so 
that the passage of the type under the comb causes the pron^ to touch all parts of the letter as they 
pass rapidly under ft. Each prong is connected to a wire; hence five wires united in the line L are 
employed between the transmit¬ 
ting and receiving stations. At 
the distant station a similar comb 
of five prongs, is used, the 
tips being form^ of platinum. 

These rest upon paper moistened 
with a solution of nitrate of man¬ 
ganese or iodide of potassium. 

The paper, which is a continuous 
strip, is carried forward by a 
train of wheels. In the trans¬ 
mission of the letter /, for in¬ 
stance, the five prongs at the 
transmitting station come in con¬ 
tact with the letter simultaneously; hence each wire receives a short wave, which, passing over the 
line and through the points upon the chemical paper, causes a decomposition of the manganese salt, 
leaves five dots one above the other, and thus forms the letter I. In the case of the letter T, the 
upper pen comes in contact with the top portion of the T at times when the other four do not touch 
the type. Hence the first point transmits a long wave, which is recorded by the top point at the 
receiving station, while no current is transmitted on the other four wires except when all the points 
come in contact simultaneously to form the lower part of the letter. By this system a rate of speed 
equal to 1,000 words per minute has been attained on short lines. 

The American system devised by Edison is based upon the same general principle as that of Bon¬ 
nells, but the devices are entirely different. Instead of setting up type to transmit the message, the 
letters are formed by groups of holes perforated in fillets of paper by a perforating machine. This 
machine consists of a die with 25 holes massed in a square into which 25 punches fit. Each punch 
Is connected to a separate long thin bar. These bars are provided with pins at certain interv^, by 
means of which the bars necessary to form a letter are carried forward by the depression of a key. 
There being 28 keys in all, a single depression serves to perforate an entire letter and feed the paper 
forward. The average speed of perforation is from 85 to 50 words per minute, although a speed of 
90 words has been attained by a very expert operator. Two wires are employed for transmitting the 
characters; but one-half of a letter is transmitted at once. The record is made upon chemically 
prepared paper, as with the Bonnells system. A speed of 1,200 words per minute has been attained 
with this system between New York and Philadelphia. 

Acoustic Telegraph. —^This system is now (1879) being developed. The principle upon which it 
operates is the transmission of several series of electric waves simultaneously over a single wire, by 
means of tuning-forks or reeds adjusted to a definite pitch or rate of vibration, and the reception 
and analysis of these waves by similar tuning-forks or reeds at the distant station. The most suc¬ 
cessful system is that of Gray. This consists of several reeds, each tuned to make a certain number 
of vibrations per second. Each reed is provided with electric contact-springs, which act to throw in 
and out of the line a small battery at each vibration. Each reed is also kept in continuous vibration 
by an electro-magnet local battery and a supplemental contact-spring. The vibrations of the reed 
serve to open and close the circuit of the magnet which gives it motion, in the same manner as the 
automatic circuit-breaker of an induction coil. A Morse key is connect^ with each reed, to enable 
the operator to stop and start the waves over the wires. The different scries of waves which pass 
over the wires simultaneously are separated or sorted out, so to speak, at the distant station by 
means of reeds tuned to the same pitch as the reeds at the transmitting station. Hence, if at the 
transmitting station five reeds are in vibration and are transmitting their waves over the wires, the 
five corresponding reeds at the receiving station will be set in vibration by the action of these waves 
on the electro-magnet with which each reed is provided. If now, by the depression of a Morse 
key connected to any reed, the wave from it is prevented from passing over the line, the reed at the 
distant station tuned to respond only to this series will come to rest almost instantly, notwithstanding 
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the fact that the other waves are energizing its electro-magnet; the reason being that the reed can 
only be mode to respond to waves which follow each other at certain definite rates, and which cor¬ 
respond to its proper tone. By suitably manipulating the keys connected to ea^ reed, several 
messages may be transmitted simultaneously, the chanictcrs being received by the discontinuous 
musical sound given out by the receiving reeds when they are stopp^ and started. Bell, Edison, La 
Cour, and Varley have each acoustic systems similar in principle to that of Gray; but none have 
^ been so perfected as to come into actual use. (See Telephone.) 

Fire-Alarm and District Telegraph Systems. —These systems are employed for local telegraph¬ 
ing, usually in large cities. The former serves to transmit from various parts of a city to a central 
station a fire signal, which is retransmitted by automatic machinery to various towers containing 
bells controlled by electro-magnets and operated by wires connect^ to the central station. The 
district telegi'aph system is the same in operation and principle, and is used for connecting telegraph¬ 
ically a cential office with private dwellings, stores, etc., to enable the owners to call to their aid 
either a messenger, a policeman, or the fire department. The apparatus for transmitting the signal 
(which is generally a number) consists of a metallic wheel provided with a number of suitably ar¬ 
ranged teeth. The spaces between the teeth are filled with a non-conducting substance, such as ivory. 
Resting on the rim of the wheel is a contact-spring, which is connected to one end of the line and 
the wheel to the other. By means of a lever which is moved through a considerable distance by the 
sender of a signal, a spring is wound up sufficiently to set a train of gearing in motion and give the 
character-wheel several rotations. This causes the signal to be repeated over the wires many times. 
At the receiving station an automatic Morse register is set in motion by the first signal, and records 
the subsequent signals by indentations on the paper. This signal is at once seen by the operator in 
attendance, and is by him retransmitted to all the towers containing alarm-bells, where it is repro¬ 
duced and made audible throughout the city. In the case of the district telegraph, the signaling 
apparatus is so arranged that when the lever is carried round for a given distance the ch^cter- 
wheel is caused to give one revolution, which signifies a messenger; if moved still farther to a 
marked point, the wheel makes two revolutions and repeats the signal, which signifies that a police¬ 
man is wanted ; and if the lever is carried to its full limit, the wheel gives three revolutions, repeating 
the signal three times, signifying that the fire-extinguisher is requir^ to extinguish an incipient fire. 

CONSTBUCtlON OF TfXEORAPH LlNES. 

Wire .—The best wire for telegraphic purposes is made from pure Swedish charcoal iron, and is 
galvanized to protect it from oxidation. The most usual sizes are No. 9, weighing 823 lbs. to the 
mile, and No. 8, weighing 889 lbs. to the mile. Many of the more important lines of the Western 
Union Telegraph Company are now built of No. 6 wire, weighing 570 lbs. per mile. In jointing, the 
end of each wire is closely turned around the other four or five times and then cut off short. The 
joint is finished by dipping in melted solder. 

Poles .—In this country timber is used for poles. In Europe light iron structures or wood saturated 
with preservative solutions are employed, the scarcity of timber rendering economy in its use neces¬ 
sary. In the United States, chestnut, white and red cedar, and redwood are chiefly utilized. Chest¬ 
nut and white cedar will last for 18 years; red cedar has remained unimpaired for 25 years. Poles 
^ are seldom less than 25 ft. long by 6 in. in diame- 

4C96. ter at the top. When of this size they carry from 

7 to 9 wires. On important routes their length 
sometimes reaches 90 ft. They are usually pla^ 
about 176 ft. apart, numbering 80 to the mile. The 
cross-arms are of seasoned white pine, 4 by 5 in. 
thick, and varying in length according to the num¬ 
ber of wires carried, usually from 8 ft. for two 
wires to 7 ft. 6 in. for six wires. The practioe is 
to place all the arms on the same side of the pole, 
at distances of 22 in. apart between centres. Fig. 
4096 is an example of the standard style of con¬ 
struction in the United States, the pole being ar¬ 
ranged to carry seven wires. 

Insulaiors .—^The following, according to Pres¬ 
cott, are the essential qualities of a good line insu¬ 
lator : ** The material of which it is composed must 
itself be possessed of high insulating qt^ities, and 
should not be subject to decay or deterioration from 
long-continued exposure to ^e weather. The sur¬ 
face must be repellent of moisture and not liable 
to retain dust or smoke. The form should be such 
as will interpose the greatest possible insulating 
surface between the line-wire and the croes-arm or 
pole, compatible with the necessary mechanical 
strength for supporting the wire. Tlie following 
materials are most commonly used for insulating 
purposes: Glass, glass with an iron covering, vul¬ 
canized rubber, brown earthenware glazed, same in combination with vulcanized rubber, white por¬ 
celain, and baked wood prepared with some resinous compound. Fig. 4097 represents a glass insu¬ 
lator, provided with a screw-thread which fits upon a thread cut upon the wooden supporting-pin. 
By this arrangement the insulator is prevented from being drawn off the pin by an upwaid strain, or 
by the action of the wind on the wires. The mode of attaching the wire is shown in Fig. 4098. The 
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average percentage of glass insulators broken on the lines of the Western Union Company for a 
period of four years was 6.4. Fig. 4099 is an insulator of whitewood impregnated with a non¬ 
conducting compound, and arranged to hold the wire by suspension. 
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Underground Telegraph Lines .—A valuable report on this subject was made in 1879 to the Chi¬ 
cago City Council, by Mr. J. P. Barrett, superintendent of the city telegraph system, from which the 
following facts are taken: 

“ The principal portion of the telegraph wires in the leading cities of Europe are laid underground, 
and in the city of London there were in 1875 8,600 miles of underground wire belonging to the 
government telegraph system; and in Paris, about the same date, all the wires were underground. 
In Germany there are several underground telegraph lines, between one city and another. For in¬ 
stance, Berlin is connected with Hamburg, Mayence, Strasburg, Cologne, and many other cities by 
underground lines the entire distance. The cables contain from five to seven conductors each, insu. 
lated with gutta-percha, and the whole protected with an armor of iron wires. This system has shown 
itself in practice to be both economical and reliable. There are in Paris working lines that have 
been buried for 25 years, and which have been the cause of little or no expense. The different sys¬ 
tems of underground wires hitherto employed are these: The larger proportion of the work which 
has been done has consisted of copper wire, insulated first with gutta-percha, and the gutta-percha 
protected from the action of the atmosphere by a covering of tar and tarr^ tape. The wires so 
protected are bunched together in a sort of cable and drawn through an iron pipe. In some cases 
the wires, after being insulated with gutta-percha, are protected by a series of galvanized iron wires, 
laid spirally around the cable. The pipes containing the wires have been generally laid in the ground 
at a depth of 2.)^ or 3 ft. below the surface. In Paris the cables are coat^ with a lead covering and 
hung in the sewers. Another method of insulating and protecting underground wires has been by 
the use of an insulator known as kcrite, which is a form of vulcanized rubber especially adopted as a 
telegraph insulator; and the copper wires, after being insulated with kerite, are laid in lead or iron 
pipe or wooden boxes under the ground. Another method, by Professor Brooks of Philadelphia, has 
been successfully employed, which consists in covering the copper wire by winding or braiding with 
cotton thread, depriving the thread of its moisture so as to secure a high degree of insulation, bunch¬ 
ing the wires together, as many as are required on a given route, drawing them into an iron pipe, 
and filling the pipe and keeping it full of specially prepared paraffine oil, which serves to keep out 
moisture from the pipes and to insulate the wires.’* In London the cost of laying 60 underground 
wires was £23 8«. 7d. per mile of wire. 

SUDM4R1NE Telegraph Cables. —^The desic^ and construction of a submarine cable vary with the 
circumstances under which it is used. Near coasts where the sea is shallow and the cable is exposed 
to accidents from the waves, the size of the line is greatest, while in deep water the smallest diam¬ 
eter possible is used. The conducting wires are completely insulated from the iron envelope out¬ 
side, and from each other, by layers of gutta-percha. The wires arc usually of copper, and after 
being covered with gutta-percha they are subjected to the most careful tests for conductivity before 
being made into cable. Between the gutta-percha and the iron which forms the protecting envelope 
is placed a layer of hemp, technically termed the bedding. The conducting wires, usually seven in 
number, are twisted into a single strand ; this is covered with the hemp biding soaked in Stock¬ 
holm tar, and outside of this is a series of galvanized iron wires twisted into spiral form. Figs. 
4100, 4101, and 4102 represent the Atlantic cable from Valentin to Newfoundland, showing the 
various sizes at two-thirds their actual dimensions. 

The laying of a submarine cable involves much special machinery. For the laying of the Atlantic 
cable in 1866 the Great Eastern was employed, the immense size of the vessel adapting her especially 
to the work. The cable itself was coiled in thi'ee circular iron tanks built on the main deck of the 
ship, as shown in figs. 4103 and 4104. The largest of these tanks was 58 ft. 6 in. in diameter, and 
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all were of a uniform depth of 20 ft. 6 in. In these tanks the cable was coiled, the coiling begiiming 
at the outside. In order to prevent depreciation of its gutta-percha coating and to allow of its elec¬ 
trical condition being effectually tested, the cables while thus stowed were kept submerged in water. 

The paying-out machinery, shown in fig. 
4100. 4104, consisted of a large wheel Kt about 4 

ft. in diameter, over which the cable was 
passed, and then conducted through a trough 
F in which rollers were placed. In the pay- 
ing-out machinery the chief object to be at¬ 
tained was to supply some means of checking 
the cable in the most regular manner po^- 
ble while passing out of the ship, and also of 
keeping it in a state of constant tension. 
This tension it was necessary to regulate by 
the depth of the water in various parts of 
the ocean, and also to some extent by the 
speed of the ship. On entering the machinery 
the cable was passed over a scries of six 
deep-grooved wheels, each about 3 ft. in di¬ 
ameter, shown at (r, on the shaft of each of 
which was placed a friction-disk and strap; 
and above each grooved wheel was a jockey- 
wheel which pressed the cable down into tl^ 
grooves. The jockey-wheels could be lifted 
BO as to allow the cable to slip freely through 
the groove in the carrying-wheel. After the 
cable had passed through this part of the 
machineiy, called for distinction the “ jockey- 
gear,*' it was led to the main paying-out 
drum P, over which it was passed four times. 
On the shaft of this drum was placed the 
main friction-gear, an ingenious self-adjust¬ 
ing arrangement of Appold's brakes. The cable, having been sufficiently checked by the means 
described, w'as passed over the stem-wheel A into the sea, and on its way the actual strain was 
measured by a dynamometer placed at D, Immediately after leaving the drum the cable passed over 
two wheels, one of which is shown at ly and between these wheels the dynamometer was placed. 
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The paying-out drum was supplied with steam-power for reversing its action and picking up the 
cable, should any fault occur requiring such an operation. In paying out the cable, the portion in 
the after tank was first taken, then the fore tank was emptied, and the middle tank was left to the 
last, the ends of the cable from the several tanks having been spliced together in that order of con- 
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nection. The whole of the cable in the three tanks was spliced into one length before the paying 
out commenced. The total length of cable paid out was 1,861 knots, and the time from shore was 
14 days, giving an average of 132 knots a day paid out, and an average rate of 6^ knots an hour 
for the cable. The total distance run was 1,669 knots, making the average proportion of slack paid 
out 11 per cent. 

Ww'ks for Reference .—“Experimental Researches in Electricity,” Faraday, London, 1839-’56; 
“Trait6 de la Telegraphic filectrique,” Moigno, Paris, 1849; “Der "Elektromagnetische Tel^raph,” 
Schellen, Brunswick, 1860-’68; “The Electric Telegraph, its History, etc.,” Highton, London, 1862; 
“ Historical Sketch of the Electric Telegraph,” Jones, New York, 1862; “ The Electro-magnetic Tele¬ 
graph,” Turnbull, Philadelphia, 1863; “Telegraph Companion,” Shaffner, New York, 1854-5; 
“ Telegraph Manual,” Shaftoer, New York, 1869; “ History, Theory, and Practice of the Electric 
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States Commissioners to Paris Exposition of 1867: Review of Telegraphic Apparatus,” by Prof. S. 
F. B. Morse, Washington, 1868; “On Electrical Measurement,” Clark, London, 1868; “Der Bau 
von Tdegraphenlinien,” Ludewig, Leipsic, 1870; “Hand-Book of Practical Telegraphy,” Culley, New 
York, 1870; “ Electrical Tables and Formulae,” Clark and Sabine, London, 1871; “Das Tele^phen- 
Recht,” Meilli, Zurich, 1871; British Association's “ Report on Electrical Standards,” JenMn, Lon¬ 
don, 1873; “Guide to the Electric Testing of Telegraph Cables,” Hoskioer, London, 1873; “Tele- 
mph and Travel,” Goldsmid, London, 1874; “A Manual of Telegraph Construction,” Douglas, 
London, 1875; “Electricity and the Electric Telegraph,” Prescott, New York, 1877. See also list of 
works cited under Electricitt. T. A. E. (in part). 

TELEPHONE. An apparatus for the transmission of sound, either by direct conduction of the 
sound-waves, or by the analysis of the vibrations producing sound at one point and their recombina¬ 
tion at another. Telephones may be divided into two classes, acoustic and electrical. In the first, 
the sonorous vibrations arc directly conducted; in the second, electrical impulses modified in accord¬ 
ance with the sonorous vibrations are transmitted. Electrical telephones are either musical or articu¬ 
lating. The former cannot transmit speech; the latter transmit both musical and articulate sounds. 

Thb Acocstio or Thread Telephone consists simply of a transmitting and a receiving box, one 
end of each of which is closed by a stretched membrane, and the two membranes or diaphragms are 
connected together by a thread or wire attached to* their centres. Through this connecting thread 
the motion of one membrane is communicated to the other, and sound-waves may in this way be 
conveyed to a considerable distance and be reproduced audibly on the membrane at the other end. 
A series of interesting experiments on this device has been made by Mr. J. W. Miller (see paper “ On 
the Transmission of Vocal and other Sounds by Wires,” read before the British Physical Society, 
1878), who succeeded in transmitting minute and delicate sounds over a distance of 160 yards through 
a copper wire .018 in. in diameter. To each end of the wire was attached a sheet-iron disk 31 in. in 
diameter, fastened in a wooden rim about half an inch deep. 

Electrical Telephones. 

Musical Telephones. —^The main object sought in the invention of these instruments, which ante¬ 
date the speaking telephones, was a means of transmitting musical notes electrically as a practical and 
useful mode of telegraphing signals. The principal devices of this kind are those of Reis, Varley, 
La Cour, and Gray. .^1 of these experimenters followed the same principle by different ways. In 
all their systems a sounding body yielding a note is employed, the vibration of which body serves to 
make and break contact, giving to a current of electricity an intermittent character, the number of 
interruptions varying of course with the note sounded at the transmitting end; and the armature of 
an electro-magnet at the receiving station, adjusted to respond to those impulses, is arranged to 
communicate to the air the number of vibrations transmitted, and to reconvert them into sound. 

Rei^B Telephone was devised by Philip Reis in 1860. A membrane is stretched over a hole in a 
box, which has a mouth-piece. When notes are sounded into the mouth-piece, the membrane is 
thrown into vibration, and a platinum plate attached to its centre makes and breaks contact with a 
contact-screw, and in so doing completes and interrupts an electric current which traverses the re¬ 
ceiving instrument. The latter consists of a small iron bar surrounded by a helix of wire which is 
in circuit with the transmitter, so that the bar or core becomes magnetized and demagnetized at each 
complete vibration. By this means, the note sounded into the transmitter is reproduced by the re¬ 
ceiver, the action of the two instruments being isochronous. 

VarUtf's Telephone was devised by Mr. Cromwell Varley in 1870. It consists of a tuning-fork or 
vibrating reed, in connection with an electrical condenser which transmits vibratory currents of elec¬ 
tricity to a distant station. 

Jji Courts Telephone was devised by M. La Cour in 1874. A tuning-fork is used to produce inter¬ 
ruption of the current. The fork is connected by a light key with the battery, and by a spring to 
the line. The key is manipulated in the ordinary manner, but the passing current is interrupted 
at each vibration of the fork when it breaks contact with the spring. The receiver consists of a 
soft-iron fork, the prongs of which are surrounded (but free to vibrate) by bobbins wound with in¬ 
sulated wire. Close to the projecting ends of the fork are two vertical electro-magnets. The cur¬ 
rents from the transmitting lines pass through the coils around the fork, and thence through the 
other pair of electro-magnets. By this arrangement the prongs of the fork acquire polarity opposite 
to that of the electro-magnets, and are thrown into vibration at a rate depending upon the number of 
interruptions; and a note the counterpart of that transmitted is the result. 

Gray*$ Telephone was invented by Dr. Elisha Gray in 1874. In this device a tuning-fork or reed 
combines both functions of sound-producer and contact-breaker. When once adjusted, it only trans¬ 
mits to the receiving instrument the number of pulsations of current per second due to its own note. 
The receiver, like that of Reis, is formed of a horseshoe magnet, with a heavy armature attached to 
its poles, and mounted on a resonating board. A keyboard like that of a harmonium forms a part 
of the transmitting instrument, which may be made to consist of any convenient number of musical 
contact-breakers. It is on this principle that Dr. Gray has constructed his telephonic telegraph, 
in which four or more different messages may be transmitted simultaneously through the same wire. 
In this instrument there is a vibrator at the receiving station, tuned so as to be affected only by its 
corresponding transmitter at the other station; and, by emplojring intermediate receivers of (Ufferent 
notes along a wire, the signals belonging to each are automatic^ly transmitted, and the others are 
allowed to pass. 

Aeticulatino OB Speakino Telephones. —Of these instruments three classes may be recognized: 
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1. Those which operate through variations in the electro-motive force of the current; 2. Those which 
operate through changes in resistance of the medium through which the current passes; and 8. 
Those which are caused to operate mechanically through chemical changes produced by the current 


4106. 



I. Telephonss depending on Changes in Electro-mottve Force.-^B€Ws TeUphone was invented 
by Prof. Alexander Graham Bell in 1876. It consists essentially of a bar-magnet surrounded by a 
coil of insulated wire which is in circuit writh the conducting wire. In front of the magnet a thm 
membrane or diaphragm is disposed. The receiving and transmitting instruments are alike. The 
general arrangement of magnets, diaphragms, coils, and wire in a telephone circuit will be under¬ 
stood from Fig. 4105, The actual construction of the instrument is shown in fig. 4106, which is a 
longitudinal section. E is the diaphragm, of thin iron plate. F is the case or holder, usually of 
haid rubber. B is the silk-covered coil wound upon a wooden spool. This wire is extended along 

inside of the case, and connects with the 
line-wire through the binding-screws B. 
.A is a steel cylindrical magnet, about 5 
in. long and three-eighths of an inch in di¬ 
ameter. Its distance from the diaphragm 
is adjusted by the screw shown at its rear 
end. 

The action of the Bell telephone is com¬ 
monly explained as follows: When sound¬ 
waves are projected against the diaphragm, 
it is set in motion and caused to vibrate 
in front of the pole of the electro-magnet 
By this action a scries of variations in the 
strength of the currents arc induced, proportionate to and synchronous with the variations in the 
movement of the diaphragm, and these variations arc transmitted by the connecring wire to the reoeiv- 
ing instrument, and are reproduced there and converted into sonorous vibrations by the diaphragm. 

This theory is not generally accepted, some physicists tracing the source of sound to mole^ar 
vibrations in the magnetic coil. Experiments by M. Adet favor this last-mentioned view, and their 
outcome is the telephone receiver represented in Fig. 4107, where an iron wire or a strongly magnet¬ 
ized needle M is soldered at each end to a mass of copper, E and D, and surrounded by a bobbin of 
insulated wire N, The copper is soldered to a mass of lead C, which is perforated longitudinally at 
O to allow the ends of the coil to pass to the binding-screws at by which the telephone is con¬ 
nected to the circuit. The metal mass i> C is phonetically insulated by a sheet of India-rubber H. 
An ear-piece A is fitted to the instrument; and on listening into it while the vibratory currents flow 
in the coil, the sounds are distinctly audible. M. du Moncel explains the action of this telephone in 



4106. 




conformity with the molecular theory, by supposing that the vibratory currents of the coil lenten 
and shorten the iron core, which therefore communicates a series of small shocks to the more inert 
metallic masses with which it is in contact. 

Gower^s Telephone^ devised by Mr. F. A. Gower, is an improved form of Bell’s device, the modifi¬ 
cation in shape contributing to the greater distinctness and loudness of the sounds emitted. As 
shown in Fig. 4108, which represents the interior of the instrument, the magnet describes a segment 
of a circle, the narrow oblong poles, which arc brought close together in the middle of the chord, 
being wound with flat coils of fine wire, each having a resistance of 60 ohms. The diaphragm is a 
soft iron plate in. in diameter. The box is of brass. Tlie “call” consists of a melodeon reed 
fixed to the under side of the diaphragm, opposite a narrow slit cut in the latter. A shai^ puff of 
air sent through the speaking-tube passes through this aperture and agitates the reed, which, vibra¬ 
ting, transmits its note over the telephone wire. 

FJuilps^s Telephone^ Fig. 4109, devised by Mr. G. M. Phelps, consists of a permanent bar-magnet if, 
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bent 80 that the poles are brought near to each other. Attached to brackets on the poles are two 
coils U and opposite to which are the two diaphragms D and D'; and between them is a central 

mouth’piece opening into a chamber in which the pulsations of the air in talking act upon the dia¬ 

phragm through laterad openings. The coils are connected to¬ 
gether 80 that the currents generated by the vibrations of the 
diaphragm are in the same direction when united, and are con¬ 
sequently much stronger than when only one coil is employed. 

4109. 


A similar instrument receives the messages at the other end of 
the line. There is another form of Phelps's instrument, which 
consists of a mouth-piece placed at the upper part of an oval 
ebonite case containing a bent magnet connected to the bar car¬ 
rying the coil behind the diaphragm, the other pole being attached to the peripheiy of the dia¬ 
phragm in the same manner as are the bar-magnets in the crown telephone shown in Fig. 4110. 
This consists of an ordinary combination of bar-magnet, diaphragm, and coil; but in addition there 
is a group of six permanent magnets bent into circular form, and having their similar poles joined 
to the central bar carrying the coil. The other ends of these magnets are attached to the edge of 
the coil. 

IL Telephones depxndino on Changes op Electrical Resistance.— Edinon's Carbon Telephone. 
—Dr. Thomas A. Edison has made the discovery that, when properly prepared, carbon possesses the 
remarkable property of changing its resistance with pressure, and that the ratios of these changes 
correspond exactly to the pressure. On this principle is constructed the telephone shown in Fig. 
4111. The carbon disk is represented at A", near the diaphragm which is placed between platinum 

plates b and Q connected with the battery circuit. 
A small piece of rubber tubing B is attached to the 
centre of the metallic diaphragm, and presses light¬ 
ly against an ivory piece C, which is placed directly 

4112. 


over one of the platinum plates. When therefore 
any motion is dven to the diaphragm, it is imme¬ 
diately followed by a corresponding pressure upon 
the carbon, and by a change of resistance in the 
latter. Any electro-magnet, properly fitted with an 
iron diaphragm, serves as a receiving instrument in connection with this apparatus. An improved 
form of this device is represented in Fig. 4112. In this the carbon disk is contained within an 
ebonite ring, screwed to the metallic portion of the frame forming one of the connections of the cir¬ 
cuit, and the carbon button rests upon this metallic surface. The other face of the button is cov¬ 
ered with a disk of platinum foil, connected to an insulated terminal, and forming the other circuit 
connection; this foil is cemented to a disk of glass, in the centre of wliich is placed an aluminum 
stud that bears against the diaphragm of the instrument. 

The Righi Telephone^ Fig. 4113, was devised by Prof. Augusto Righi of Bologna. The receiving 
instrument differs but little from that of the Bell telephone. The transmitter, which is entirely dif¬ 
ferent, contains a conducting powder, which is more or less pressed upon by the vibrating body; 
and as the conductivity of the powder varies with the pressure, the intensity of the electric current 
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which passes will be relatively varied with the vibrations, and the receiver, if placed in the dronit, 
will reproduce the sounds. In this transmitter, a membrane of parchment p^)er is vibrated by the 
sound-waves, but a metallic sheet or a membrane of wood may be used. In the centre of Uie mem¬ 
brane A B\s fixed a piece of metal Ci), the lower end of which has the form of a flat piston, and 
rests upon the powder contained in the thimble E* The spring F G 
carries the thimble JS*, and the elastic force of the spring is regulated 
by a screw H, When the pressure upon the powder is once adjusted, 

4118 . 


4114 . 
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which is easily done, the apparatus will work for a long time without 
readjustment. The best results have been obtained with powder com¬ 
posed of a mixture of carbon or plumbago and silver. 

The principle of the telephones above described is the same as that of the Microphone, which see. 

III. The Electro-Chemical Telephone. —About the year 1872, Dr. T. A. Edison made the discoveiy 
that if a strip of paper, moistened with a chemical solution that is readily decomposed when a cur¬ 
rent of electricity is passed through it, be drawn over a metal plate connected with the positive pole 
of a voltaic battery and beneath a platinum style, bearing upon it with a gentle pressure, and which 
can be connected to the negative pole by means of a key or contact-maker, whenever the current is 
allowed to pass the friction is instantly reduced between the surface of the prepared paper and the 
platinum style, to be immediately restored the moment the current is again interrupted; from which 
it follows that if the paper be drawn with a uniform tractive force below the style, it will slip when¬ 
ever an electrical current is transmitted through it, and will be retarded again by a frictional resist¬ 
ance the moment that the current ceases to flow. This discovery has been applied by Dr. Edison to 
the construction of a telephone which is remarkable for the loudness and clearness of its tones. 
Fig. 4114 is a diagram showing the arrangement of the device. The cylinder A is composed of pre¬ 
cipitated chalk to which a small proportion of acetate of mercury is added, the whole being moist¬ 
ened with a saturated solution of caustic potash, and moulded into a cylindrical form by being sub¬ 
jected to hydraulic pressure. This cylinder is mounted upon a horizontal axis and is m^e by 
suitable mechanism to revolve beneath a metallic strip C, which is maintained with a uniform pres¬ 
sure by an adjustable spring 8 against the surface of the chalk. At the point where the strip rests 
upon the cylinder, a small plate of platinum is fastened, and the opposite end of the strip is attached 
to the centre of a diaphragm of mica i), 4 in. in diameter, firmly fixed to the framing of the instni- 
ment by its circumference. By connecting the strip to the zinc element of a voltaic battery, and 
the chalk cylinder to the copper pole, and rotating the cylinder at a uniform speed away from the 
diaphragm, it will be found that, when no current is passing, the friction between the moistened sur¬ 
face of the chalk and the platinum strip is sufficient to drag the centre of the diaphragm inward, 
and it will take up a fixed position of equilibrium when the frictional pull in the centre of the db- 
phragm is equal to the elastic tension of the strained diaphragm. The moment, however, that an 
electric current is allowed to pass between the strip and the cylinder, electro-chemical decomposition 
takes place, the friction between them is reduced, and the diaphragm, finding its elastic tension un- 
oppos^, flies back to a second position of equilibrium dependent upon similar oonditions; and if a 
variable or undulatory current of electricity be transmitt^ through the instrument, the diaphragm 
will be kept in continual motion by the constantly varying friction existing between the i^ialk a^ 
the platinum, dragging the diaphragm in opposition to its own constant elastic tension. G is ti coun¬ 
ter-shaft which can be turned through a small angle by depressing a lever keyed on to it on the out¬ 
side of the case; the effect of this is to raise by means of the forked lever L L the damping roller 
R against the surface of the chalk cylinder, and so occasionally to supply the water which is lost 
evaporation. The roller when not in use rests in a trough of water T, 

In another form of this apparatus the movable roller is dispensed with, and the cylinder is in¬ 
closed in a vulcanite box seen at the end of the movable arm in Fig. 4116, which represents the 
telephone with all its accessories. The small shaft that runs parallel with the iron arm extends 
through the side of the box and carries the chalk cylinder. Upon the opposite end there is a small 
pinion moved by a worm, the crank of which is turned by the finger. The diaphragm of the reodv- 
ing instrument is covert by the front of the box, excepting a small central portion which is quite 
sufficient for the exit of the sound. The arm which supports the receiving instrument is jointed so 
that it may be raised vertically out of the way when the telephone is fiot in use. The transmitter is 
contained in the stationary rectangular box; its mouth-piece projects slightly, and the diaphragm, 
which is of mica, is supported by a metal frame and springs inside the box cover. The details of 
its construction will be understood from Fig. 4116. A vulcanite arm is secured to the centre of the 
mica diaphragm by means of a small bolt, which is connected with one pole of the battery by a piece 
of metallic foil or very thin copper wire. The head of this bolt is platinum-faced, and sunk deeply 
in the vulcanite arm, the same cavity containing also a piece of carbon pencil, such as is used for 
electric candles. The carbon fits the cavity loosely and is rounded at both ends. Its outer end is 
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pressed by a platinum-faced spring secured to the outer end of the vulcanite arm. The spring car¬ 
ries at its free end, exactly opposite the piece of carbon, a brass weight, and the pressure of the 
spring upon the carton is regulated by the small set-screw. A wire or piece of copper foil, connect¬ 
ing with the spring, completes an electrical circuit, which includes the primary of an induction coil 
contained by the rectangular box. The secondary wire of the induction coil is Connected with the 
telephonic line, and a tertiary coil 
which envelops the secondary is con¬ 
nected with the rubber and chalk 
cylinder of the receiving instrument. 

Below the transmitter-box are two 
keys, the right-hand one being used 
for signaling, the left-hand one for 
completing the tertiary circuit when 
a message is received. 

The operation of the instrument 
is as follows: The vibration of the 
diaphragm of the transmitting in¬ 
strument varies the contact between 
the carbon and the two electrodes, 
so that a varying current is sent 
through the primary of the induc¬ 
tion coil; this of course produces a 
secondary current of varying inten¬ 
sity in the secondary wire of the in¬ 
duction coil, which, being in circuit 
with the secondary wire of the in¬ 
duction coil of a distant instrument, 
produces a current in the tertiary 
wire wound around the secondary 
coil. The tertiary current passes 
through the chalk cylinder and the 
platinum-faced rubtor, and as the 
chalk cylinder revolves the friction 
of the rubber is varied according to 
the variation of the primary, secon¬ 
dary, and tertiary currents. The 
platinum-faccd rubber is connected 
with the diaphragm, and the fric¬ 
tion of the rubber is sufficient, when no current passes, to pull the diaphragm forward as the cylin¬ 
der is turned; but when the^ slightest current is sent through the primary coil, the induced tertiary 
current transforms the frictional surface of the chalk into a frictionless surface, and the diaphragm 
springs back. All this is necessary to describe a single vibration of the diaphragm, thousands of 
which vibrations are required for the utterance of a sinde sentence. 

Works for Rcferencf. —“ The Speaking Telephone, Talking Phonograph, and other Electrical 
Novelties,” Prescott, New York, 1878; “The Telephone,” Dolbear, New York, 1878. See also 
files of the Scimtifie American, En^iutring^ Engineer^ Meehatde's Magtuine^ Journal of the Soeietg 
of ArU^ Scientific Xetns^ Journal of the T^h^fraph, and other technical periodicals, since 1876. 

TEMPERING AND HARDENING METALS. When the malleable metals are hammered or 
rolled, they generally increase in hardness, in elasticity, and in density or specific gravity, which 
effects are produced simply from the closer approximation of their particles; and in this respect 
steel may be perhaps considered to excel, as the process called hammer-hardening, which simply 
means hammering without heat, is frequently employed as the sole means of hardening some kinds 
of steel springs, and for which it answers remarkably well. After a certain degree of compression, 
the malleable metals assume their closest and most condensed states; and it then becomes necessary 
to discontinue the compression or elongation, as it would cause the disunion or cracking of the sheet 
or wire, or else the metal must be softened by the process of annealing. 

The metals lead, tin, and zinc are by some considered to be perceptibly softened by immersion in 
toiling water; but such of the metals as will bear it are generally heated to redness, the cohesion of 
the mass is for the time reduced, and the metal becomes as soft as at first; and the working and an¬ 
nealing may be thus alternately pursued, until the sheet metal or the wire reaches its limit of tenuity. 
The generality of the metals and alloys suffer no very observable change, whether or not they are 
suddenly quenched in water from the red heat. Pure hammered iron, like the rest, appears after 
annealing to be equally soft, whether suddenly or slowly cooled; some of the impure kinds of mallea¬ 
ble iron harden by immersion, but only to an extent that is rather hurtful than useful, and which 
may be considered as an accidental quality. Steel, however, receives by sudden cooling that extreme 
degree of hardness combined with tenacity which places it so incalculably beyond every other mate¬ 
rial for the manufacture of cutting tools; especially as it likewise admits of a re^ar gi^ation from 
extreme hardness to its softest state, when subsequently reheated or tempered. In the process of 
hardening steel, water is by no means essential, as the sole object is to extract its heat rapidly; and 
the following are examples, commencing with the condition of extreme hardness, and ending with the 
reverse condition. 

A thin heated blade placed between the cold hammer and anvil, or other good conductors of heat, 
becomes perfectly bard. Thicker pieces of steel, cooled by exposure to the air upon the anvil, be- 



Digitized by i^ooQle 








864 


TEMPERING AND HARDENING METALS. 


come rather hard, but readily admit of being filed. They become softer when placed on the cold 
cinders or other bad conductors of heat; still more soft when placed in hot cinders, or within the 
fire itself, and cooled by their gradual extinction. When the steel is encased in close boxes with 
charcoal powder^ and is raised to a red heat and allowed to cool in the fire or furnace, it assumes its 
softest state; unless, lastly, we proceed to its partial decomposition. This is done by inclosing the 
steel with iron turnings or filings, the scale from the smithes anvil, lime, or other matters that will 
abstract the carbon from its surface; by this mode it is superficially decarbonized, or reduced to the 
condition of pure soft iron. 

A nearly similar variety of conditions might be referred to as existing in cast iron in its ordinary 
state, governed by the magnitude, quality, and management of the castings; independently of which, 
by one particular method, some cast iron may be Rendered externally as bard as the hardest steel: 
such are called chiUed-iron castings ; and, as the opposite extreme, by a method of annealing com* 
bined with partial decomposition, malleable-iron castings may be obtained, so that cast>iron nails may 
be clinched. (See Casting.) Again, the purest iron, and most varieties of cast iron, may by another 
proceeding be superficially converted into steel, and then hardened, the operation being appropriately 
named case-hardming. 

The temperature suitable to forging and hardening steel differs in some degree with its quality and 
its mode of manufacture: the heat that is requir^ diminishes with the increase of carbon. In 
every case the lowest available temperature should be employed in each process, the hammering 
should be applied in the most equal manner throughout, and for cutting tools it should be continued 
until they are nearly cold. Coke or charcoal is much better as a fuel than fresh coal, the sulphur of 
which is highly injurious. The scale should be removed from the face of the work, to expose it the 
more uniformly to the effect of the cooling medium. Hardening a second time without the interven¬ 
tion of hammering is attended with increased risk ; and the less frequently steel passes through the 
fire the better. 

Hsatimo.—T he smallest works are heated with the fiame of the blow>pipe, and are occasionally sup¬ 
ported upon charcoal. (See Soldebinq.) For objects that are too laige to be heated by the blow¬ 
pipe, and too small to be conveniently warmed in the naked fire, various protective means are em¬ 
ployed. Thus an iron tube or sheet-iron box inserted in the midst of the ignited fuel is a safe and 
cleanly way; it resembles the muffle employed in chemical works. The work is then managed with 
long forceps made of steel or iron wire, bent in the form of the letter U, and flattened or hollowed 
at the ends. A crucible or an iron pot about 4 to 6 in. deep, filled with lead and heated to rednees, 
is likewise excellent, but more particularly for long and tliin tools, such as gravers for artists, and 
other slight instruments; several of these may be inserted at once, although toward the last they 
should moved about to equalize the heat. The weight of the lead makes it desirable to use a 
bridle or trevet for the support of the crucible. Some workmen place on the fire a pan of charccal 
dust, and heat it to redness. 

Great numbers of tools, both of medium and large size, are heated in the ordinary foige-fire, which 
should consist of cinders rather than fresh coals. To prevent decarbonization for ordinary work, char¬ 
coal instead of coal is sometimes used ; and where hardening is not done continuously, this is a good 
practice, because a few pieces of charcoal can be thrown on the fire, and the latter thus rendered 
ready for use in a few minutes. Green coal should never be used for heating the steel for the hard¬ 
ening, even if it is for the forging process. A coke suitable for heating to harden should always 
be kept on hand. To make it, build a large fire of small soft coal, well wetted and banked, aj^ 
with a round bar make holes for the blast to come through. When the gas is burnt out of the in¬ 
terior and the outside is well caked, the heap may be broken up, so that the gas may be burned 
from the outside. This done, the blast is stopped and the coke stowed away for use. 

In heating the work, the greatest care should be taken to communicate to all the parts requiring 
to be hardened a uniform temperature, and this is only to be arrived at by cautiously moving the 
work to and fro to expose all parts alike to the fire; the difficulty of accomplishing it of coarse in¬ 
creases with long objects, for which fires of proportionate length are required. It is far better to err 
on the side of deficiency than of excess of heat; the point is rather critical, and not alike in all 
varieties of steel. Until the quality of the steel is familiarly known, it is a safe precaution to com¬ 
mence rather too low than otherwise, as then the extent of the mischief will be the necessity for a 
repetition of the process at a higher degree of heat; but the steel if burned or oveiheated will be 
covered with scales, and what is far worse, its quality will be permanently injured. A good hammer¬ 
ing will in a degree restore it; but this in finished works is generally impracticable. 

If a piece of hardened tool-steel shows a brightness and crystalline formation under fracture, it 
probably has been burned; if the fracture is dull and even, the reverse is true. When a piece of 
work will be improved by having its exterior hardened and tempered with the interior left softer, it 
may be heated in melted lead, the latter being covered with charcoal to prevent oxidation. It is an 
excellent plan to heat the steel in some flux. The Waltham Watch Company heat their hair-springs 
in melted glass. The Pratt & Whitney Company heat their taps in a mixture of equal quantiues of 
cyanide of potash and salt. The Morse Twist-Drill Company use a similar mixture. The object of 
heating in these materials is to prevent the loss of carbon in the steel, which is of great consequence 
in small or slight articles. 

Cooling. —The choice of cooling mediums has reference mainly to the relative powers of conduct¬ 
ing heat they severally possess. The following have been at different times resorted to with various 
degrees of success: currents of cold air, and immersion in water in various states, in oil or wax, 
and in freezing mixtures. Mercury and flat metallic surfaces have been also used. Jacob Pffkiitf 
recommended, as the result of his experiments, plain water at a temperature of 40® F. Mercury is 
considered by some to give the greatest degree of hardness; then cold salt and water, or water mixed 
with various “ astringent and acidifying matters; ” plain water follows; and lastly, oily mixtures. 
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With plain water, an opinion very largely exists in favor of that which has been used over and over 
again even for years, provided it is not greasy; and when the steel is very harsh, the chill is taken 
off plain water to lessen the risk of cracking it. Oily mixtures impart to thin articles, such as 
springs, a sufficient and milder degree of hai^ness, with less danger of cracking than from water; 
and in some cases a medium course is pursued by covering the water with a thick film of oil, which 
b said to be adopted occasionally with scythes, reaping-hooks, and. thin edge-tools. As a rule, plain 
cold water is best for general purposes; but for thin elastic works, oil, or oily compositions, are cer¬ 
tainly more proper. 

A so-called natural spring is made by a vessel with a true and a false bottom, the latter perforated 
with small holes; it is fiU^ with water, and a copious supply is admitted beneath the partition; it 
ascends through the holes, and pursues the same current as the heated portions, which abo escape 
at the top. Thb was invented by Jacob Perkins, and was used by him in hardening the rollers for 
transferring the impressions to the steel plates for bank-notes. Sometimes, when neighboring parts 
of works are requii^ to be respectively ^rd and soft, metal tubes or collars are fitted tight upon the 
work, to protect the parts to be kept soft from the direct action of the water, at any rate for so long 
a long a period as they retain the temperature suitable to hardening. 

The process of hardening b generally one of anxiety, as the sudden transition from heat to cold often 
causes the works to become greatly distorted if not cracked. The latter accident is much the most likely 
to occur with thick massive pieces, which are, as it were, hardened in layers; as, although the external 
crust or shell may be perfectly hard, there is almost a certainty that toward the centre the parts are 
gradually less hard, and when broken the inner portions will sometimes admit of being readily filed. 
When in the fire the steel becomes altogether expanded, and in the water its outer crust is suddenly 
arrested, but with a tendency to contract from the loss of heat, which cannot so rapidly occur at the 
central part; it may be therefore presumed that the inner bulk continues to contract aiter the outer 
crust b fixed, which tends to tear the two asunder, the more especially if there be any defective part 
in the steel itself. An external flake of greater or less extent not unfrequently shells off in harden¬ 
ing ; and it often happens that works remain unbroken for hours after removal from the water, but 
eventually give way and crack with a loud report, from the rigid unequal tension produced by the 
violence of the process of hardening. 

The contiguity of thick and thin parts is abo highly dangerous, as they can neither receive nor 
yield up heat in the same times; the mischief is sometimes lessened by binding pieces of metal around 
the thin parts with wire, to save them from the action of the cooling medium. Sharp angular notch¬ 
es are also fertile sources of mischief, and, where practicable, they should be rejected in favor of 
carved lines. 

As regards both cracks and distortions, it may perhaps be generally said that their avoidance de¬ 
pends principally upon manipulation, or the successful management of every step: first, the original 
manufacture of the steel, its being forged and wrought so that it may be equally condensed on all 
sides with the hammer; otherwise, when the cohesion of the mass is lessened from its becoming red- 
hot, it recovers in part from any unequal state of density in which it may have been placed. While 
red-hot, it is abo in its weakest condition, and is prone to injury either from incautious handling 
with the tongs, or from meeting the sudden cooling action insularly; and therefore it is generally 
best to plunge works vertically, as all parts are then exposed to equal circumstances, and less dis¬ 
turbance b risked than when the objects are immersed obliquely or sideways into the water; although 
for swords, and objects of similar form, it is found the best to dip them exactly as in making a ver¬ 
tical downward cut with a sabre, which for this weapon is its strongest direction. 

Very slight tools may be prevented from cracking by heating the water to about 100®, immersing 
them slowly and perpendicubrly deep into the water, and then holding them quite still until cold. 
Much of the cracking of steel during the hardening process arises from removing the articles from the 
water before they are reduced to the same temperature as the water. The cutters for milling ma¬ 
chines are ve^ apt to flaw during the hardening; but this may be avoided as follows: Sling the 
cutter by a wire passing through the hole, and fastened to a small plate upon which the cutter may 
rest; then fill the hole with fire-clay. Dip the cutter vertically, and hold it still near the bottom of 
the water until it is cooled. 

Occasionally objects are clamped between stubborn pieces of metal, as soft iron or copper, during 
their passage through the fire and water. Such plans can be seldom adopted and are rarely followed, 
the success of the process being mostly allowed to depend exclusively upon good general management. 
In experiments in making the magnets for dipping-needles, which are about 10 inches long, one- 
fourth of an inch wide, and the two-hundredth part of an inch thick, thb precaution entirely failed, 
and the needles assumed all sorts of distortions when released from between the stiff bars within 
which they were hardened. The plan was eventually abandoned, and the magnets were-heated in 
the ordinary way within an iron tube, and were set strmght with the hammer after being let down to 
a deep orange or brown color. Steel, however, b in the best condition for the formation of good 
permanent magnets when perfectly hard. 

In all cases the thick unequal scale left from the forge should be ground off before hardening, in 
order to expose a clean metallic surface; otherwise the cooling medium cannot produce its due and 
equal effect throughout the instrument. The edges also should be left thick, that they may not be 
burned in the fire; thus it will frequently happen that the extreme end or edge of a tool is inferior 
in quality to the part within, and that the instrument is much better after it has been a few times 
ground. 

When a wedge-shaped or thin tool, such as a drill, requires to be tempered at and near the cutting 
edge only, and it is desirable to leave the other part or parts soft, the tempering is performed by heating 
the steel for some little distance back from the cutting edge, and then immersing the cutting edge 
and about one-half of the rest of the steel, which is heated to as high a degree as a red heat, in the 
116 
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water until it is cold ; then withdraw the tool and brighten the surface whidi has been immersed bj 
rubbing it with a piece of soft stone (such as a piece of a worn-out grindstone) or a piece of coarse 
emery-cloth, the object of brightening the surface being to cause the colors (described farther on) to 
show themselves distinctly. The instant this operation has been performed, the brightened surf^e 
should be lightly brushed by switching the finger rapidly over it; for unless this is done, the colors 
appearing will be false colors, as ^ill be found by neglecting this latter operation, in which case the 
Bt^ after quenching will be of one color, and if then wiped will appear of a different hue. A piece 
of waste or other material may of course be used in place of the hand. The heat of that part of the 
tool which has not been inunersed will become imparted to that part which was harden^ and, by 
the deepening of the colors, denote the point of time at which it is necessary to again immerse the 
tool and quench it altogether cold. 

The operation of the first dipping requires some little judgment and care; for if the tool is dipped 
a certain distance and held in that position without being moved till the end dipped is cold, and the 
tempering process is proceeded with, the colors from yellow to green will appear in a narrow band, 
and it will be impossible to directly perceive when the cutting edge is at the exact shade of color 
required; then, again, the breadth of metal of any one degree of color will be so small that once 
grinding the tool will remove it and give us a cutting edge having a different degree of temper or of 
hardness. The first dipping should be performed thus: Lower the tool vertically into the water to 
about one-third of the distance to which it is red-hot, hold it still for about sufficient time to cool 
the end immersed, then suddenly plunge it another third of the distance to which it is heated red, 
and withdraw it before it has had time to become more than half cooled. By this means the body of 
metal between the cutting edge and the part behind, which is still red-hot, will be sufficiently long to 
cause the variation in the temperature of the tool end to be extended in a broad band, so that the 
band of yellow will extend some little distance before it deepens into a red; hence it will be easy to 
ascertain when the precise degree of color and of temper is obtained, when the tool may be entirely 
quenched. A further advantage of this plan of dipping is, that the required degree of hardness will 
vary but very little in consequence of grinding the tool; and if the operation is carefully performed, 
the tool can be so tempered that, by the time it has lost the requir^ degree of temper from being 
ground back, it will also require reforging or reforming. As a rule a tool should be made to a red 
heat to a distance about twice the diameter of the tool-steel of which it is made. A number of 
special instances of hardening are grouped below. 

Txmpering. —Between the extreme conditions of hard and soft steel there are many intermediate 
grades, the common index for which is the oxidation of the brightened surface, and it is quite suffi¬ 
cient for practice. These tints, and their respective approximate temperatures, are thus tabulated: 


1. Very pale straw-yellow. 480® 

2. A shade of darker yellow.440 

8 . Darker straw-yellow.470 

4. Still darker straw-yellow.490 

6 . A brown yellow. 600 


6. A yellow tinged slightly with purple... 620 


7. Light purple. 680° 

8 . Dark purple. 650 

9. Dark blue. 670 

10. Paler blue. 690 

11 . Still paler blue.610 


12. Still paler blue, with a tinge of green, 680 


The first tint arrives at about 430° F., but it is only seen by comparison with a piece of steel not 
heated. The tempering colors differ slightly with the various qualities of steel. 

The Tempering SceUe^ represented in the colored plate given herewith, was devised by the editor 
of this worK and Mr. Joshua Rose, as a guide to the temperer in selecting the colors appropriate to 
different tools. In all tools, and especially in costly ones, it is desirable to give the exact degree of 
temper which experiment has determined as the l^t. It will be noted that in the color-test the 
shades of yellow alone extend over a range of 70® of temperature. Tool-users know that within these 
70® lies a wide range of hardness; and when it is remembered how widely opinions will differ as to 
what is any spedfi^ shade or tint of color, it will be evident that in the yellows alone there is con¬ 
siderable room for error if the temperer is simply told the color to which a tool is to be hardened. 

The scale here presented is an exact facsimile of a bar of polished steel hardened and then tem¬ 
pered to all the colors exhibited. In order to discover the b^t practice on tempering, and also to 
verify the colors, copies of the scale were forwarded to a large number of manufacturers, with the 
request that they would indicate by marks on the scale the colors to which they tempered the vari¬ 
ous tools which they made a specialty of producing. From the data thus collected, and also from 
the results of a series of practical experiments, the scale has been marked to adapt it to the princi¬ 
pal tools. The user finds the name of the tool which he desires to temper on the scale, and notes 
the color opposite the mark. To this color, or to as near an approximation as possible, ^ steel 
should be tempered. Where special steels are employed, some slight changing of the relative posi¬ 
tion of the marks may be needful, as they are here adapted to good quality American tool-steel A 
little experimenting, however, will soon exhibit the amount of variation for any particular kind of 
metal, and this amount is easily applied as a correction to the indications here given. 

The heat for tempering being moderate, it is often supplied by the part of the tool not requiring 
to be hardened, and which is not therefore cooled in the water. The workman first hastily tries with 
a file whether the work is hard; he then partially brightens it at a few parts with a piece of grindstone 
or an emery-stick, that he may be enabled to watch for the required color; which attained, the 
work is usually cooled in any convenient manner, lest the body of the tool should continue to supply 
heat. But when, on the contrary, the color does not otherwise appear, partial recurrence is had to 
the mode in which the work was heated, as the flame of the candle or the surface of the dear fire, 
applied if possible a little below the part where the color is to be observed, that it may not be 
soiled by the smoke. 

A very convenient and general manner of tempering small objects is to heat to redness a few 
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inches of the end of a flat bar of iron about two feet long; it is laid across the anvil, or fixed bj its 
cold extremity in the vise, and the work is placed on that part of its surface which is found by trial 
to be of the suitable temperature, by gradually sliding the work toward the heated extremity. In 
this manner many tools may be tempei^ at once, those at the hot part being pushed o£F into a ves¬ 
sel of water or oil, as they severally show the required color; but it requires dexterity and quickness 
in thus managing many pieces. Vessels containing oil or fusible alloys carefully heated to the re¬ 
quired temperatures have also been used. The method called **blazing off** is resorted to for 
many articles, such as springs and saws, by heating them over the naked fire until the oil, wax, or 
composition in which they have been hardened ignites; this can only occur when they respectively 
reach their boiling temperatures and are evapora^ in the gaseous form. 

The period of letting down the work is also commonly chosen for correcting, by means of the ham¬ 
mer, those distortions which so commonly occur in hardening; this is done upon the anvil, either 
with the thin pene of an ordinary hammer, or else with a ha^-hammer, a tool terminating at each 
end in an obtuse chisel-edge, which requires continual repair on the grindstone. The blows are given 
on the hollow aide of the work, and at right angles to the length of the curve; they elongate the 
concave side, and gradually restore it to a plane surface, when the blows are distributed consistently 
with the positions of the erroneous parts. The hack-hammer unavoidably injures the surface of the 
work, but the blows should not be violent, as they are then also more prone to break the work, the 
liability to which is materially lessened when it is kept at or near the tempering heat, and the edge 
of the hack-hammer is slightly rounded. 

Watchmakers’ drills of the smallest kinds are heated in tbe blue part of the flame of the candle. 
Larger drills are heated with the blow-pipe flame,applied very obliquely, and a little below the 
point. When very thin they may be whisked in the air to cool them, but they are more generally 
thrust into the tallow of the candle or the oil of the lamp. They are tempered cither by their own 
beat, or by immersion in the flame below the point of the tool. 

For tools between those suited to the action of the blow-pipe and those proper for the open fire, 
there are many which require either the iron tube or the bath of lead or charcoal; but the greater 
number of works are hairiened in the ordinary smith’s fire, without such defenses. Tools of moder¬ 
ate size, such as the majority of turning tools, carpenters* chisels and gouges, and so forth, are gen¬ 
erally heated in the open fire: they require to be continually drawn backward and forward through 
the fire, to equalize the temperature applied. They are plunged vertically into the water, and then 
moved about sideways to expose them to the cooler portions of the fluid. If needful, they are only 
dipped to a certain depth, the remainder being left soft. Some persons use a shallow vessel filled 
only to the height of the portion to be harden^, and plunge the tools to the bottom; but this strict 
line of demarkation is sometimes dangerous, as the tools arc apt to become cracked at the part, and 
therefore a small vertical movement is also generally given, that the transition from the hainl to the 
soft part may occupy more length. 

Razors and penl^vcs are too frequently hardened without the removal of the scale arising from 
the forging; this practice, which is not used with the best works, cannot be too much deprecated. 
The blades are heated in a coke or charcoal fire, and dipped into the water obliquely. In tempering 
razors, they are laid on their backs upon a clear fire, about half a dozen together, and they are re¬ 
moved one at a time, when the edges, which are as yet thick, come down to a pale straw-color; should 
the backs accidentally get heated beyond the straw-color, the blades are cooled in water, but not 
otherwise. Penknife blades are tempered, a dozen or two at a time, on a plate of iron or copper, 
about 12 in. long, 8 or 4 in. wide, and about a quarter of an inch thick ; the blades are arranged close 
together on their backs, and lean at an angle against each other. As they come down to the temper, 
they are picked out with small pliers and thrown into water, if necessary; other blades are then 
thrust forward from the cooler parts of the plate to take their place. 

Hatchets, adzes, cold chisels, and numbers of similar tools, in which the total bulk is considerable 
compared with the part to be hardened, are only partially dipped; they are afterward let down by 
the heat of the remainder of the tool, and when the color indicative of the temper is attained they 
are entirely quenched. With the view of removing the loose scales, or the oxidation acquired in 
the fire, some workmen rub the objects hastily in dry salt before plunging them in the water, in 
order to give them a cleaner and whiter face. 

In hardening large dies, anvils, and other pieces of considerable size, by direct immersion, the 
rapid formation of steam at the sides of the metal prevents the free access of the water for the re¬ 
moval of the heat with the required expedition; in these cases, a copious stream of water from a 
reservoir above is allowed to fall on the surface to be hardened. This contrivance is frequently 
called a ** float; ” and although the derivation of the name is not very clear, the practice is excellent, 
as it supplies an abundance of cold water, which, as it falls directly on the centre of the anvil, is 
sure to render that part hard. It is, however, rather dangerous to stand near such work at the 
time, as, when the anvil face is not perfectly welded, it sometimes in part flies off with great violence 
and a loud report. Occasionally the object is partly immersed in a tank beneath the fall of water, 
by means of a crane and slings; it is ultimately tempered with its own heat, and dropped in the 
water to become entirely cold. 

Oil, or various mixtures of oil, tallow, wax, and resin, are used for many thin and elastic objects, 
such as needles, fish-hooks, steel pens, and springs, which require a milder degree of hardness than 
is given by water. For example, steel pens are heated in large quantities in Iron trays within a fur¬ 
nace, and are then hardened in an oily mixture; generally they are likewise tempered in oil, or a 
composition the boiling-point of which is the same as the temperature suited to letting them down. 
This mode is particularly expeditious, as the temper cannot fall below the assigned degree. The dry 
heat of an oven is also used, and both the oil and oven may serve for tempers hai^er than that 
given by boiling oil; but more care and observation are required for these lower temperatures. 
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Saws and springs are generally hardened in various compositions of oil, suet, wax, and other in¬ 
gredients. The composition used by an experienced saw-maker is two pounds of suet and a quarter 
of a pound of beeswax to every mllon of whale-oil; these are boiled together, and will serve for 
thin works and most kinds of steel. The addition of black resin, to the extent of about one pound 
to the gallon, makes it serve for thicker pieces and for those it refused to harden before; but the 
resin should be added with judgment, or the works will become too hard and brittle. The composi¬ 
tion is useless after it has b^n constantly employed for about a month: the period depends, how¬ 
ever, on the extent to which it is used, and the trough should be thoroughly cleaned out before new 
mixture is placed in it. The following recipe is recommended by an experienced w orkman: “ 20 gal¬ 
lons of spermaceti oil; 20 lbs. of b^f suet rendered; 1 gallon of ncatsfoot oil; 1 lb. of pit^; 
8 lbs. of black resin. These two last articles must be previously melted together, and then added 
to the other ingredients; when the whole must be heated in a proper iron vessel, with a dose cover 
fitted to it, until the moisture is entirely evaporated, and the composition will take fire on a flaming 
body being presented to its surface, but which must be instantly extinguished again by putting on 
the cover of the vessel.^’ The above ingredients lose their hardening property after a few weeks* 
constant use. The saws are heated in long furnaces, and then immers^ horizontally and edgewise 
in a long trough containing the composition; two troughs are commonly used, the one until it gets 
too warm, then the other for a period, and so on alternately. Part of the composition is wiped off 
the saws with a piece of leather when they are removed from the trough, and they are heated one 
by one over a clear coke fire, until the grease inflames; this is called “ blazing off.” When the saws 
are wanted to be rather hard, but little of the grease is burned off; when milder, a larger portion; 
and for a spring temper, the whole is allowed to burn away. When the work is thick, or irregularly 
thick and thin, as in some springs, a second and third dose is burned off, to insure equality of tem¬ 
per at all parts alike. Gun-lock springs are sometimes literally fried in oil for a considerable time 
over a fire in an iron tray; the thick parts are then sure to be suflSciently reduced, and the thin parts 
do not become more softened from the continuance of the blazing heat. Springs and sawrs appear 
to lose their elasticity, after hardening and tempering, from the reduction and friction they undergo 
in grinding and polishing. Toward the conclusion of the manufacture, the elasticity of Gie saw is 
restored principally by hammering, and partly by heating it over a clear coke fire to a straw-color: 
the tint is removed by very dilute muriatic acid, after which the saws are well washed in plain water 
and dried. 

Watch-springs arc hammered out of round steel wire, of suitable diameter, until they fill the gauge 
for width, which at the same time insures equality of Sickness; the holes are punched in their ex¬ 
tremities, and they are trimmed on the edge with a smooth file; the springs are then tied up with 
binding-wire, in a loose open coil, and het^ted over a charcoal fire upon a perforated revolving plate. 
They are hardened in oil, and blazed off. The spring is now distended in a long metal frame, simi¬ 
lar to that used for a saw-blade, and ground and polished with emery and oil, l^tween lead blocka 
By this time its elasticity appears quite lost, and it may be bent in any direction; its elasticity is, 
however, entirely rcstor^ by a subsequent hammering on a very bright anvil, which “ puts the na¬ 
ture into the spring.” The coloring is done over a flat plate of iron, or hood, under which a little 
spirit-lamp is kept burning; the spring is continually drawn backward and forward, about two or 
three inches at a time, until it assumes the orange or deep-blue tint throughout, according to the 
taste of the purchaser; by many the coloring is consider^ to be a matter of ornament, and not 
essential. The last process is to coil the spring into the spiral form, that it may enter the barrel in 
which it is to be contained; this is done by a tool with a small axis and winch-handle, and does not 
require heat. The balance-springs of marine chronometers, which are in the form of a screw, are 
wound into the square thread of a screw of the appropriate diameter and coarseness; the two ends 
of the spring are retained by side screws, and the whole is carefully enveloped in planum foil, and 
tightly bound with wire. The mass is next heated in a piece of gun-barrel closed at one end, and 
plunged into oil, which hardens the spring almo.st without discoloring it, owing to the exclusion of 
the air by the close platinum covering, which is now removed, and the spring is let down to the blue 
before removal from the screwed block. 

The balance- or hair-springs of common watches are frequently left soft; those of the best watches 
are hardened in the coil upon a plain cylinder, and are then curled into the spiral form between the 
edge of a blunt knife and the thumb, the same as in curling up a narrow ribbon of paper or the 
filaments of an ostrich feather. 

Mr. Dent says that 8,200 balance-springs weigh only one ounce; but springs ali^> include the heavi¬ 
est examples of hardened-steel works uncombined with iron; for example, of Mr. Adamses patent 
bow-springs for all kinds of vehicles, some intended for railway use measure 3^ ft. long, and weigh 
60 lbs. each piece; two of these are used in combination: other single springs are 6 ft. long, a^ 
weigh 70 lbs. In hardening them, they are heated by being drawn l^ckward and forward through 
an ordinary forge-fire, built hollow, and they are immersed in a trough of plain water. In temper¬ 
ing them, they are heated until the black-red is just visible at night; by daylight the heat is denoted 
by its making a piece of wood sparkle when rubbed on the spring, which is then allowed to cool in 
the air. The metal is nine-sixteenths of an inch thick, and Mr. Adams considers five-eighths the 
limit to which steel will harden properly—that is, sufficiently alike to serve as a spring: he tests 
their elasticity far beyond their intended range. J. R, (in part). 

TENDER. See Locomotive, Description of Parts op the. 

TENONING MACHINE, ^e Mortising and Tenoning Machines. 

TESTING MACHINES. Instruments used for determining the strength of materials. For test¬ 
ing large sections of metals, requiring many tons to break them, the apparatus roav be a machine 
of great size and strength. There are two classes of such machines: the first, which comprises the 
greater number, including those which weigh the amount of applied stress by means of combinafionfl 
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of leyers and scale-beams; and the second, those which apply the strain by means of a hydraulic 
press. One of the best-known testing machines of the first class was built some years ago by the 
late Major Wade for the United States Government. It is described in his “ Reports of Experiments 
on Metals for Cannon,** Philadelphia, 1856. Copies of this machine as improved by Gen. Rodman are 
in use (1879) at the Washington Navy Yard and in the United States Army building in New York. 

The Fairbanks Testing Machine is represented in figs. 4117 
to 4121. The parts are as follows : At, main sills, of wood or 4117. 

iron; cross-sills supporting iron frames E; C, cross-timber _^4 

t^ich with the casting D receives ^e strain from the screws L; ■ i ii" — .j I ^ 

Fy centre-bearings of frames E; Gy four main levers suspended g ^ 

in frames E; Hy centre-lever conveying strains from to // § \ ^ 
ly double .lever receiving strains from H and G; Jy reducing V=j^ 
lever, conveying strains from i to 4 / Ky wrought-iron platform- 
girders ; Ly screws for applying the strain; 2iy shaft with right 

and left worms Ny which turn the gears P; By cross-head and J J 

lower clamp; Sy cast-iron uprights; 7*, upper clamp; Uy sup¬ 
ports for crushing or compression; Vy steel wedges for holding I _J-JL_ 

specimen X; Wy frame to steady tops of screws L; Yy cross- 'i i 

piece of same; €l hand-wheel for light strains and quick motion; J— Q — 

by gear-wheel; a, hand-wheel for heavy strains, communicating I V 

with wheel b by pinion /; iron columns supporting beam ^ _L 

the latter being a double beam such as is used on railway-track p— 

scales; y, a small poise on the lower beam moving automatical- 4” ~~ —/{" 

ly; iy the poise on beam A. t ■ I yy 

By turning the hand-wheel a, a steady motion is given to the 
screws, and strain is applied to the specimen through the descent of the cross-head B, By means of 
the wheel d a stress of 50,000 lbs. may be applied. The uprights 8 are placed on the scale-plat- 
form, and support the upper clamp, which holds the specimen X It will be seen that the only con¬ 
nection between the screws L and the platform is through the specimen, and therefore whatever 
strain is applied by the screws comes directly over the platform. It is evident that this strain may 


41ia 4119 



be weighed accurately in the ordinary manner. When it is desired to crush a test-piece or to make 
tests of transverse strength, the two blocks Uy which are movable, support the specimen and rest on 
the scale-platform. The cross-head B is then brought down on top of the test-piece, and the pres¬ 
sure is weighed the same as for tensile strains. 
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A test of the Fairbanks testing machine, in order to determine the accuracy of its indications, 
was made by Park Benjamin’s Scientific Expert Office, of New York, in March, 1879. The machine 
was situated in the Permanent Exhibition building in Philadelphia. The experiments were con¬ 
ducted in the following manner: 

Three coils, respectively of iron wire 0.16 in. in diameter, brass wire 0.13 in. in diameter, and 
braided cotton cord 0.12 in. in diameter, were provided. From each of these 20 test-pieces 8 in. in 
length were cut off. These pieces were broken alternately by dead weight and in the testing ma¬ 
chine, as fast as they were cut from the coils. Those ruptured by dead weight were held in heads 
similar to those in the testing machine, and a cradle was hung to the lower head in which 60-lb. 
weights were placed until the breaking limit was nearly reached; 6-lb. weights were then added 
until rupture took place. In breaking the pieces in the testing machine, the quick gear was used 
until the breaking limit was approximated, and afterward the slow gear. In turning the wheels of 
the machine no pains were taken to insure regularity of movement, the speed being governed only 
by the movement of the automatic registering weight Three series of experiments were conducted, 
in each series 10 samples of wire or cord being broken by dead weight, and 10 corresponding 
samples in the machine. The results were as follows: 

First series: Samples of brass wire 0.18 in. in diameter. Average breaking weight in pounds of 
10 samples—by dead weight, 1,106; in the testing machine, 1,108. 

Second series: Samples of braid^ cotton cord 0.12 in. in diameter. Average breaking wdght of 
10 samples in pounds-—by dead weight, 113.6 ; in testing machine, 110.6. 

Third series: Samples of iron wire0.16 in. in diameter. Average breaking weight of 10 samples 
in pounds—by dead weight, 1,621; in testing machine, 1,619.5. 

It is considered that these experiments demonstrate conclusively the accuracy of the machine. The 

differences between the averages 
are less than 6 lbs., and the regis¬ 
try both in breaking by dead wei^t 
and in the apparatus showed dif¬ 
ferences only to the extent of 5 
lbs.; so that the results are accu¬ 
rate to within the unit of measure¬ 
ment. Hence, the strain applied 
through the gear-wheels princes 
precisely the same effect as the 
placing of dead weights on the 
platform. 

Thi CotPz Armory Touting Ma^ 
chine is represented in Fig. 4122. 
The basis of the machine is a plat¬ 
form scale, by which the forces ap¬ 
plied to the specimens are weight 
with the same accuracy that any 
load may be weighed by similar 
scales. A is the platform of a 50^ 
ton scale, of which B is the weigb- 
beam, with its sliding weight C. 
Upon the platform a cast-iron 
frame D is placed, to sustain the 
nut of a screw to the lower end 
of which are applied the fixtures 
for holding the upper end of a 
specimen intended to receive a ten¬ 
sile strain. The platform is 6 ft. 
long by 8 ft. wide, and has an ob¬ 
long opening in its centre, through 
which two long screws rise about 2 
ft. above the platform. The screws 
carry a strong cross-head which 
can be raised or lowered by two 
nuts. The screws and cross-head are not connected with the platform until the specimen makes the 
connection. The cross-head receives the fixtures for applying strains of all kinds to specimens of every 
shape. For tensile strains the holders which grasp the lower end of the specimen are attached to the 
top of the cross-head. The lower ends of the screws E are attached to the short arms of a massive 
forked lever, which is beneath the floor, and has its fulcra supported by the bed-plate which forms 
the foundation of the scale. The long arm of this lever is coupled to the fulcrum of a short lever 
Hy which is so suspended from a longer lever G that the two levers form a differential system. The 
fulcrum of lever G is raised or lowered by a hydraulic jack N fixed in a cast-iron frame O, which 
rests on the scale foundation. In later machines than that represented, a screw is substituted for the 
jack, the nut of the screw being supported by the frame 0. This nut is worked by a hand-wheel 
through a system of toothed wheels. The connections between the lever G and the screws which 
carry the cross-head are so arranged that by depressing the longer free arm of G the cross-head is 
pulled downward, and by raising the fulcrum of G the same result is produced. A rod K is sus¬ 
pended from the end of the longer arm of the lever Gy to which plates and pans are attached to re¬ 
ceive weights of various values. The lower end of the rod K is provided with a piston, which moves 
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in a large cjlindrical resscl containing oil and seiring to prerent a too rapid fall of the loaded end 
of the lever. It is evident that if one end of a specimen—a rod of iron, for instance—be attached to 
the frame D above the cross-head and the other end be attached to the cross-head, the specimen 


maj be stretched by bearing down the end of the straining lever 
for the cross-head will thereby be pulled downward. The 
arms of the levers are so proportioned that one pound applied at 
M ot Lon rod K will exert a strain of 120 lbs. on the specimen ; 
80 a strain of 100,000 lbs. will be exerted by the application of 
800 lbs. at K, The specimen can also be strained by weighting 
the rod K so heavily that it will be held down, and then, by work¬ 
ing the nut of the screw or the handle of the hydraulic jacl^ either 
by hand or power, the fulcrum will be raised, and the cross-head 
pulled downward with a force increasing as gradually as may be 
desired. As the specimen is suspended from the frame on the 
platform of the scale, any stress with which it is pulled will be in¬ 
dicated at the weigh-beam and can thus be accurately weighed. 

A full description of this testing machine (with drawings), and 
also of the ingenious electro-magnetic automatic registering de¬ 
vice used with it, will be found in “ Report of Chief of Ordi^ce 
U. S. A.” for 1878. 

Th€ Greenwood A Bailey Teeting Machine^ constructed by Messrs. 
Greenwood k Batley of Leeds, England, is represented in Fig. 
4123. It is constructed for either tensile, compressive, or bending 
tests, its maximum load being 100,000 lbs. (or almost 45 tons^ 
and can exert this either in £rect tension or direct compression, 
or at the centre of any beam up to 48 in. between supports, while 
either for tension or compression it will take in a piece of a clear 
length of about 76 in. The principle adopted in the machine is 
that of Mr. Kirkaldy (whose machines have also been made by the 
same makers), which he has now worked successfully for so long— 
the principle, namely, of determining the load by a weight acting 
through a S 3 r 8 tem of levers, and of applying the load by a hydrau¬ 
lic ram. A A are two steel forks caring (in the case shown) 
collar-dies in which lies the piece to be tesl^. The pull is trans¬ 
mitted through the two pins G and C, by the former to the steel¬ 
yard and weight, by the latter to the ram. The pin G passes 
through a cross-head, which carries four nuts for the four screws 
D, the front ends of which are connected to the head of the ram 
A', which is supplied with water by a pump P placed near the 
other end of the machine. The outer ends of the screws D are 
fitted with pinions into which gears a spur-wheel (concentric with 
the ram), which can be worked by a pinion through the hand- 
wheel A*, and in this way the distance between the forks A A is 
adjusted to suit the length of the test-bar. 

The pin G is placed in a cast-iron block which embraces the 
two main pull-bars R, which transfer the pull to knife-edges on 
the knee-lever T, of which the fulcrum is at L. The downward 
pressure on the outer end of T passes direct, through the strut- 
pieces shown, to knife-edges on the steelyard Ny on which is a 
movable weight which can be run out and in by the hand-wheel O 
and the spur-gearing behind it. The upward component of the 
pressure on T is taken by two knife-edg^ struts M, The maxi¬ 
mum leverage is 100 to 1, and the maximum weight is therefore 
1,000 lbs., which is divided into 20 parts of 60 lbs. each, the truck 
and suspending rod being adjusted to weigh 60 lbs. exactly. In 
this way the hydraulic pressure is transmitt^ to the piece through 
the screws D, the cross-head, and the pin G, while the pull of the 
weight passes to the piece through the lever T, the bars Hy and 
the pin G, The use of the weight, of course, renders it unneces¬ 
sary to consider the frictional resistances of the ram or the cross¬ 
head truck, the pull on the piece being simply that due to the 
load with its proper leverage, which can be read off at once on the 
scale upon the steelyard. Tlie machine vms tested before it was 
used in order to see whether this was perfectly accurate, or wheth¬ 
er there was any sensible frictional resistance to the motion of 
the knife-edges. For this purpose a load of 1,000 lbs. was made 
to act (through knife-edges) with a direct pull on the pin Gy the 
clip A being removed. Tins being balanc^ by a standard 10-lb. 



weight at the end of the steelyard, it was found that an addition 

to the latter of 33 grains was sufficient to start the steelyard down, moving with it, of course, all 
the parts of the machine which in ordinary work lie between the test-piece and the dead weight. 
This corresponds only to about a pound per ton. 

The RiefiU Teeting Machine ^—A variety of forms of testing machines are built by Messrs. Riehl6 
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Brothers of Philadelphia, an example of which is given in Fig. 4124. It consists of a weigh-beam, ac¬ 
curately made and poised upon knife-edges. At its outer end it sustains a scale-pan upon which wei^ts 
are placed. Intermediate weights are measured by a poise, not shown in the engraving, which trav¬ 
erses the beam, the latter being divided into parts of 10 
lbs. each, similarly to the steelyard balance. The speci¬ 
men is secured at the upper end by wedges or clamps, 
in a strong collar which is hung from two knife-edges, 
one on each side of the knife^ge which carries the 
scale-beam. These knife-edges are placed at slightly 
different distances from the beam-support, thus making 
the latter a ** differential lever,*’ and permitting the 
measurement of a great strain without the use of heavy 
weights or multiple levers. A similar collar below takes 
the lower end of the specimen to be tested. It is se¬ 
cured to the head of a hydraulic press which is placed 
within the lower part of thd frame of the machine. A 
small pump, worked by a hand-lever, is used to force oil 
into the press. The breaking force is thus applied frean 
below, and is measured upon the lever above. 

Emery'B Testing Machine .—This machine was con¬ 
structed by Mr. A. H. Emery, C. E., for the use of the 
United States Board appointed to test iron, steel, and 
other metals. It was completed in 1878, and is described 
by Mr. A L. Holley as follows: ** The machine consists 
of a double-acting straining cylinder and ram on a car¬ 
riage at one end, and a movable weighing apparatus at 
the other end. The two are connected by a pair of 8-in. screws 48 ft. long. Nuts driven by shafdng 
move the straining cylinder to different places on the screws, so as to test long or short specimens. 
The weighing apparatus has already been described in print as a reversed hydrostatic press, having 
diaphragms instead of pistons. The load is transferred, by means of a fluid (alcohol and glycerine^ 
by a series of large diaphragms to a series of small ones, and finally to a system of scale-beams. 
Thus a weight of 800,000 lbs., acting through an inconceivably small space, finally moves a finely- 
graduated indicator at the rate of one-hundredth of an inch per pound. It is allowed to move 
through a space of 2 in., and is kept balanced by weights mechanically placed quickly on or off the 
scale-beam. One pound, in moving the indicator one-hundredth of an inch, moves the platfonn 
against which the load presses tvttoWw of an inch. The whole arrangement of the scale-beams, 
the adding and removing of weights, and the fast or slow but always steady application of pressure, 
are ingenious and convenient in the highest degree. By means of universal joints, the pressure-pipes 
are always connected to the straining cylinder, etc., whatever their positions. The steam-pomp 
and the accumulator have cylinders and weights, respectively for high and low pressures, and the 
machine receives pressure without pulsation, 
from the accumulator only, when testing. The 
finished metal in the machine weighs 175,000 
lbs., and includes pieces of 14,000 lbs. down 
to those of which 250,000 would weigh 1 lb. 

The hydrostatic weighing platform of the ma¬ 
chine was tested to 1,500,000 lbs.; but so per¬ 
fectly frictionless is it that a horse-hair imder 
a breaking strain of 1 lb. had to move 24,000 
lbs. of metal. The workmanship is also re¬ 
markable. The 8-in. screws, 48 ft. long, were 
fitted to gauges within one-thousandth of an 
inch in diameter throughout their length, and 
similar accuracy maintained in other parts.” 

See paper on **The U. S. Testing Machine 
at Watertown Arsenal,” by A. L. Holley, C. 

E., in ” Transactions of the American Institute 
of Mining Engineers,” 1878. 

GiWs Testing Machine. —Figs. 4125 and 
4126 represent a testing machine designed 
and manufactured by Mr. John L. Gill, Jr., of 
Pittsburgh, Pa. Fig. 4126 shows the machine 
as arranged for making tests of transverse 
strength, the lower portion of the apparatus 
being shown in section. The strain is applied 
by means of a screw operated by gearing. 

Hand- or steam-power may be us^ for the 
purpose. The change from one to the other 
may be made instantaneously, by means of the 
hand-lever shown at the right of the main column of the machine in Fig. 4125. This lever operates 
through a set of friction-cams, and causes the screw to run upward or downward at pleasure. The 
weighing is done by means of three beams, coupled in the manner shown. The central beam is 
graduated for two poises, one upon the upper and the other upon the lower edge. The smaller poise 
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registers up to 1,000 lbs., and the upper from 1,000 to 10,000. A suspender-rod at the left carries 
the weight^ which are of 10,000 lbs. each. The coincidence of the line of strain with the central 
line of the specimen is accomplished by making the weighing head, which transmits the strain from 
the specimen to the knife-edges of the large beam, run in guides 
both above and below. To do this, the top and bottom of the head 
are both made cylindrical, and fit the guides on the main column 
of the machine. To secure truth in all the parts, the two guides 
in which the weighing head moves, and the inside of the sleeve 
through which the pulling screw is worked, are bored out with the 
same boring bar and at the same time, thus insuring that their 
axes are the same. With weighing head and screw both working 
in the same straight line, it is evident that there is no tendency to 
bend the specimen. These machines will test specimens by ten¬ 
sion up to 1| diameter, and in length up to 18 in. This 
great length is very desirable, as it has been found that short test- 
pieces do not give a correct indication of the strength of the ma¬ 
terial. When used for transverse tests, it will take in specimens 
from 1 in. square and 12 in. long to pieces 6 in. wide by 8 in. deep 
and 48 in. long, which is the size of the piece of timber represent¬ 
ed in Fig. 4126. 

Thurston’s Autoffraphie-Bccordin^ Testing Mttehine^ devised by 
Prof. R. H. Thurston, is represented in Fig. 4127. Two strong 
wrenches are carried by the A-frames, and depend from axes 
which are both in the same line, but which are not connected with 
each other. The arm of one of these wrenches carries a weight at 
its lower end. The other arm is designed to be moved by hand in 
the smaller machines and by a worm-gear in larger ones. The 
heads of the wrenches are fitted to take the head on the end of 
the test-pieces, which are usually given the form shown in Fig. 

4128. A guide-curve, of such form that its ordinates are precise¬ 
ly proportional to the torsional moments exerted by the weighted 
arm while moving up an arc to which the corresponding abscissas 
of the curve are proportional, is secured to the frame next the weighted arm. The pencil-holder is 
carried on this arm; and as the latter is forced out of the vertical position, the pencil is pushed for¬ 
ward by the guide-curve, its movement being thus made proportional to the force which, transmitted 
through the test-piece, produces defiection of the weighted arm. The guide-curve is a curve of sines. 
The other arm carries the cylinder upon which the paper receiving the record is clamped, and the 
pencil makes its mark on the table thus provided. This table having a motion, relatively to the pen¬ 
cil, which is precisely the angular relative motion of the two extremities of the test-piece, the curve 

described upon the paper is always of such form 
that the ordinate of any point measures the amount 
of the distortion which the force produces. 

Methods of Making Tests. —For TensUe Stress .— 
1. The machine itself should be tested to determine 
whether its weighing apparatus is accurate, and 
whether it is so made and adjusted that in the test 
of a properly made specimen the line of strain of 
the testing machine is absolutely in line with the 
axis of the specimen. 

2. The specimen should be so shaped that it will 
4138. 


not give an incorrect record of the strength. Un¬ 
der no circumstances should the test of a piece 
shaped as in Fig. 4129 (a short specimen) be relied 
upon. No accurate measurement can be made of 
its extension before rupture, as a means of com¬ 
parison of ductility, a quality the knowledge of 
which is quite as important as that of absolute 
strength. With short specimens, also, two pieces 
of different materials may give like results, while 
long pieces of the same materials may give differ¬ 
ent results. There is no standard shape for short specimens, no standard relation between the 
strength of a short specimen and that of a long one. and the test of a short specimen shows the 
least strength of the material and not its greatest. The piece should be of uniform minimum sec¬ 
tion for several inches of its length, as shown in Fig. 4180. Mr. William Kent, M. E., in his “Essay 
on Strength of Materials’* (New York, 1879), from which the suggestions here given are taken, 
recommends “ 6 in. in length between the extreme points between wMch measurements of extension 
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are made for the standard size of specimens, as being the most convenient length for the testing ma¬ 
chines now most in use, for calculation of extension in per cent, of length, and for comparison of 
results with those of other experimenters.” 

3. Regard must be had to the time occupied in making tests of certain materials. When wrought 

iron and soft steel can be made to show a higher 
apparent strength by keeping them under strain 
for a great length of time, it is well to test them 
as rapidly as possible to obtain their minimum 
strength; and in accepting results of tests of 
these metals from interest^ parties, it is well to 
know what length of time has been devoted to 
the experiments. 

4. Accurate measures should be made of the 
extension under each successive increment of load, 
in order to determine all the properties of the ma¬ 
terial, other than its mere absolute tensile strength, 
which make it valuable in construction. 

For Compr€9sw€ Stresa ,—A standard size of 
specimen for compressive tests, and a standard 
limit of compression assumed equivalent to fra<y 
ture, have never been agreed upon. Mr. Kent pro¬ 
poses “a cylinder 1 in. in length and sq. in. in sectional area, or 0.798 in. diameter; and for the 
limit of compression equivalent to fracture, 10 per cent, of the original length. In making experiments 
upon compressive strength, even greater care is required than in experiments on tensile strength. In 
tensile tests the tendency of a ductile specimen is always to pull into the line of strain, and this to 
some extent (but not entirely) corrects the error caused by wrongly placing the piece in the testing 
machine. In compressive tests the tendency is just the reverse: the effect of a push is always to 
cause the piece to tend to bend out of the line of strain; and this can only be prevented by having 
the line of strain pass exactly through the axis of the specimen. The test spe^men should, there¬ 
fore, be placed in the machine with the utmost accuracy; care should be taken that the bearing of 
the piece on the compression-blocks is a true one, and that in pulling or pushing together the com¬ 
pression-blocks they shall have no tendency to move sidewise or in any other direct^ than that of 
the line of strain. 

For Trantverae Stress .—These tests are in general much more easily made than tests for dther 
tensile or compressive stress. An elaborate testing machine is not necessary. The bar or beam to 
be tested is placed on two supports which are at a measured distance apart and perfectly level 
Weights are applied to the middle of the piece until it breaks. Steel rollers are frequently used for 
supports, moving on a horizontal plane and kept at a constant distance apart during the tests. The 
use of rollers prevents the error due to friction of the bar upon the fixed supports. 

For Shearing <SfreM.—For testing the transverse shearing strength of bolts and rivets, the use of 
double shearing plates is probably the best method. The plates are made of hardened steel, and 
the holes drill^ in them are just large enough to allow the bolt to enter with a sliding fit. The best 
thickness of the plates or the relation of thickness to the diameter of the holes would have to be 
determined by experiment before the proper standard could be fixed, as it has been found that the 
thickness of the bearing has an influence upon the results. As it is not entirely certain that the re¬ 
sistance of various sections of the same material to shearing stress is exactly proportional to the 
area of section, experiments to determine the relation of shearing resistance to area of section, and 
to determine the best size and shape for a standard test specimen, are needed, in order that the re¬ 
sults obtained by different experimenters may be compared. 

For Torsional Stress .—^The method of making tests for torsional stress is explained in the descrip¬ 
tion of Prof. Thurston's testing machine on page 873. The results obtained are referred to in the 
following paragraph. 

Strain Diagrams are graphic representations of results of tests, and are made by plotting the 
figures of stress and elongation obtained. Each curve is a complete record of all the properties of 
the material which can be determined 
by test. The perpendicular distance 
of any point of the curve from the 
base-line represents the applied stress 
per square inch. The horizontal dis¬ 
tance from the vertical initial line rep¬ 
resents the corresponding extension. 

That point of each curve at which it 
first bends toward one side indicates 
its elastic limit. The inclination of 
the initial portion of the curve to the 
vertical initial line measures the stiff¬ 
ness within the elastic limit or coeffi¬ 
cient of elasticity. This method of 
representing results—which is now 
used by all scientific experimenters on 
the strength of materials—may either be plotted as above described from the data obtained, or in 
Prof. Thurston's machine it is automatically made by a pencil governed by the apparatus itself. 
A strain diagram as produced by Thurston's machine is represented in Fig. 4131. The line A is 
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that of zinc. The concave form at the commencement indicates its inelastic nature, its slight alti¬ 
tude shows its weakness, and, breaking at 65*’, it is shown to lack ductility. Tin, 7*, is vastly 
more ductile, but is still less tenacious. B and C are the diagrams given by cast and forged cop¬ 
per, the latter twisting 500°, and its fibres stretching to three times their original length. Cast cop¬ 
per is comparatively weak and brittle. Wrought iron gives the strain diagram B. It indicates the 
elasticity of the metal, its ductility, and its strength. The elastic limit is plainly indicated. The 
concavity of the initial portion of the line indicates some internal strain, and the horizontal portion 
immediately above the elastic limit shows that the metal was ** seamy ” and not perfectly homogene¬ 
ous. The lines s and O are ** elasticity lines.’* They differ slightly in direction from the initial por¬ 
tion of the diagram, confirming the previously indicati^ presence of internal strain. E is the terminal 
portion of the diagram of a soft ductile iron. F is that given by a very strong and ductile and ex¬ 
ceptionally homogeneous iron, a very smooth and symmetrical curve. & is a soft Bessemer steel. 
H is somewhat harder, the one containing 0.4 and the other 0.5 per cent, of carbon. 7 and J are 
tool-steels containing 1 per cent, of carbon. K is medium, L spring, and M double shear steel. N 
and P are obtained from white and gray cast iron. One is stiff, hard, and brittle, the other weaker, 
soft, and comparatively tough. 0 is a malleableized cast iron made from N ; it has lost no strength, 
and has gained considerable ductility. Strain diagrams may be produced by plotting data obtained 
by observation in the usual manner and similarly interpreted. 

THERMO-ELECTRIC BATTERY. See Electro-Galvanic and Thermic Batteries. 

THERMOMETER. An instrument for measuring temperatures. It is formed of two or more 
different substances, the volumes of which expand and contract to different extents when they are 
simultaneously exposed to the same differences in intensity of heat. 

Cangtruction of the Mercurial Thermometer ,—^The tube of the thermometer should be of uniform 
calibre throughout its whole interior. To ascertain whether this is the case, a short column of mer¬ 
cury is introduced into the tube; and if its length remains the same when it is moved throughout the 
length of the tube, we may be sure that the tube has a uniform bore, and hence that equal amounts of 
expansion of the mercury will cause equal additions to the length of the mercurial column in the tube. 
Since tubes of uniform bore are very rare, it is generally necessary to calibrate the tube before its 
graduation. This is done by etching on the tube a scale of equal parts, and then, from observations 
on the different lengths occupied by a column of mercury which is made to pass through the tube, 
forming a table which gives the temperatures corresponding to the arbitrary divisions on the tube. A 
bulb is now blown on the tube, and this bulb and a portion of the tube are filled with mercury as fol¬ 
lows : The air in the bulb is heated while the open end of the tube dips into mercury. The heat having 
been withdrawn, the air in the bulb contracts and the mercury rises in the tube and partly fills the bulb. 
To the open end of the tube a funnel containing mercury is adapted, and the mercury in the bulb is 
boiled and thus expels all air and moisture from the instrument, which on cooling necessarily fills 
completely with mercury. The bulb is now placed in some fluid heated to a few degrees above the 
highest temperature which the thermometer is intended to measure; and when the mercury ceases to 
overflow, the open end of the tube is sealed with a blow-pipe flame. In order to graduate the instru¬ 
ment, the bulb and part of the tube are surrounded with melting ice, and when the 
top of the tpercury column has remained some time stationary, its position is marked 
by means of a line, or a note is made of this position, referred to the arbitrary 
scale etched on the tube. The point on the thermometer determined as above is 
designated as 0°, or zero degree, on the thermometers known as centigrade (Cel¬ 
sius) and Reaumur, and as 32° on the Fahrenheit system of graduation. To de¬ 
termine a higher point on the thermometer, the instrument is placed in the interior 
of a metallic vessel with double walls, between which circulates the steam from 
water boiling in the bottom of the vesseL When the top of the mercury column 
in the thermometer has become stationary, its position is marked on the tube. The 
boiling-point of water is constant at the same atmospheric pressure; and when 
the barometric column has a height of 29.922 inches or 760 millimetres, the boil¬ 
ing-point of water is designated as 100° on the centigrade thermometer, 212° on the 
Fahrenheit, and 80° on the Reaumur. Hence, between the melting-point of ice and 
the boiling-point of water there are 100 equal degrees in the centigrade graduation, 

180 in the Fahrenheit, and 80 in the Reaumur. To convert the indications of one 
of these thermometers into those of the other two, we have the following formula, 
in which F, C, and R denote equivalent temperatures expressed in degrees of Fah¬ 
renheit, centigrade, and Reaumur respectively: F=^ C-l-32=} R-+-32; C=J K = 

$ (F—32); R=:| G=J (F—32). Fig. 4132 shows a thermometer graduated accord¬ 
ing to the three systems. 

A few weeks after a thermometer has been made and graduated, it may be ob¬ 
served that the mercury will not quite descend to the melting-point of ice when the 
instrument is immersed in pounded ice. It has been found that this elevation of 
the zero-point,** as it is call^, goes on gradually for about two years after the ther¬ 
mometer has been constructed, and at the expiration of that period the readings 
may all be too low by nearly a degree; hence it is necessary either to add the 
proper correction to the readings of the thermometer, or to slide down and refix the 
scale to which the thermometer is attached, so that it will read accurately. Alco¬ 
hol, commonly used where temperatures much below 0° F. are to be ob^rved, is 
liable at such range to much variation, although it does not freeze even at —132° F.; and Capt. 
Perry, in his arctic voyages, observed differences of full 10° C. between alcohol thermometers by the 
best makers. 

Sdf-recording Thermometere ,—Various instruments have been invented which record the indica- 
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tione of the thermometer. They may be divided into two classes, those which record only the max¬ 
imum and the minimum of the temperatures occurring in any definite period, and those which pro¬ 
duce continuous records. 

In the first class may be mentioned the two following instruments. An ordinary mercurial ther¬ 
mometer has its tube constricted to a thin passage at some point between its bulb and the beginning 
of its scale. This thermometer is placed in a horizontal position, and then as long as an increase of 
temperature takes place small portions of the mercury will go in a series of jumps across the con¬ 
stricted passage; but on a fall of temperature the mercury contracts in the portion of the ther¬ 
mometer below the constriction, leaving a column of mercury above it. The upper end of the latter 
column marks the highest temperature reached during the time of exposure. To readjust this instru- 
ment, the mercury is sent into the vacant space below the constriction by swinging the instrument. 
Fig. 4133 shows this ** maximum thermometer,’* the invention of which has been claimed by several 



persons. The “ minimum thermometer ” of Rutherford, which is generally used, is made of alcohol 
contained in the ordinary glass bulb and tube. In the column of alcohol is a small index made of 
black glass and shown at n. Fig. 4134. This piece of glass is brought up to the end of the fluid col¬ 
umn by inclining the instrument. The thermometer is then placed in a horizontal position, and as 
the temperature falls the top of the liquid column during its retraction carries the glass index with 
it, and leaves it at the point which indicates the minimum temperature reached during the exp<^nre 
of the instrument. 

The thermometers of the second class give continuous records, either by causing a tracer attached 
to some simple or compound metallic bar to mark a continuous line on a cylinder which revolves 
once in 24 hours, or by the aid of photography a continuous impression of the image of the top of 
a thermometric column is obtained by illuminating a thermometer placed in front of the lens of a 
camera, while at the back of the camera is a sensitized plate on which the image is formed. The 
plate traverses athwart the beam issuing from the lens by a known distance each hour. 

Differential Thermometer .—This is a modification of the air thermometer, in which two large glass 
bulbs above are connected by a glass tube bent twice at right angles; the horizontal and parts of the 
upright tubes are filled in the common form with a color^ liquid, which is depressed on either side 
as the corresponding bulb is more heated ; thus the instrument indicates differences of the tempera¬ 
tures to whi^ the two bulbs may be exposed. It is very sensitive; and by a scale the results it 
affords are comparable with each other.* 

THRESHING MACHINE. See Agricultural Machinery. 

THROSTLE. See Cotton-spinnino Machinery. 

TILE-MAKING MACHINE. See Brick-making Machinery. 

TIP-STRETCHER. See Hat-makino Machinery. 

TORPEDO. A submarine mine for the destruction of vessels, bridges, etc. Torpedoes are gen¬ 
erally classed as defensive and offensive. The history of the torpedo as a weapon of war is fully 
detailed in “ Submarine Warfare,” Barnes, New York, 1874; also in a lecture on “ Submarine Boats,” 
Barber, Newport Torpedo Station, 1876. See also the “ American Cyclopiedia,” 

Defensive Torpedoes. —The object of submarine torpedoes plac^ in a channel or roadway is to 
destroy an enemy’s vessels, or to detain a hostile fleet under fire of land batteries. They were ex¬ 
tensively used during the civil war in this country, and in the Franco-German war of 1870-’71 they 
protect^ the German coasts against the French fieets. The construction of many ingenious forms of 
torpedo used during the former war will be found described and illustrated in the ckienliffc Ameri¬ 
can, vi., 164; ix., 164, 229, 888; x., 890; xi., 21, 228. 

The modern system of moored torpedoes is divided into four classes, namely: electrical, electro¬ 
contact, electro-mechanical, and mechanical. Descriptions of modem apparatus in connection with 
these torpedoes, modes of defending harbors, etc., will be found in a series of articles entitled “ Notes 
on Torpedoes,” in Engineering, xxi., 16, e/ eeq. 

I. Electrical Torpedoes. —In this class of submarine mines, which rank first from the variety 
of their use, a wrought-iron case is employed for containing the explosive, usually guncotton. At- 
tached to this case, and in electrical connection with the fuses for igniting the charge, is a self-acting 
circuit-closing apparatus inclosed in a buoyant vessel, which is secured to the mine by a Bessemer- 
steel wire rope. The torpedoes are moored in electrical connection with the shore, and, in addition 
to the advantage of being rendered safe for the passage of a friendly vessel, may be fired either by 
contact or by observation, the position of a hostile vessel relative to any particular mine being as¬ 
certained by a camera obscura, or by means of a telescopic arc provided for the purpose. The ad¬ 
vantage of this arrangement is that both systems of firing are in operation at one and the same time. 

A number of ingenious circuit-closers have been devised for this class of torpedoes, the simplest 
of which are those contrived by Capt. C. A. McEvoy of the British service. One of Capt. McEvoy’a 
contrivances consists of a small ebonite cylinder fitted with a metallic cap, to which is attached one 
pole of the battery. The cylinder is partly filled with mercury, which is in electrical contact with a 


♦ From the *' Americaa Cyclopeedia.'' 
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metal pin passing through the base of the ebonite cylinder and in connection with the other pole of 
the battery. The circuit is completed by a blow jolting the mercury into contact with the metal cap. 

fig. 4135 represents an Austrian electrical torpedo, in which a is the anchor; 

6, a buoyant case containing the charge, fuse, and circuit-closing apparatus; and 
dy the electric cable extending to the shore. 

II. £LSCTRO-Ck)irrACT Torpedoes. —These usually consist of a pear-shaped vessel 
inclosing an air-tight chamber, which, in addition to supplying the requisite buoy¬ 
ancy, contains the charge of explosive employed. Into this chamber is also inserted 
the circuit-closing apparatus, to which is attached a bursting-shell containing the 
fuses and charge. They are moored in electrical connection with the shore, and, 
like the more elaborate class previously described, may be rendered safe at the will 
of the operators in charge of the station; but, as their name implies, they can only 
be fired by a vessel or some other hard substance striking them with sufficient force 
to close their electrical circuit. 

III. Electro-Mechakical Torpedoes. —These are similar in form to the electro¬ 
contact mines, but, having no electrical connection with the shore, cannot be ren¬ 
dered safe for the passage of friendly vessels, and consequently are not available 
for the defense of a navigable channel. The advantages claimed by their inventors 
for this class of torpedoes, over the purely mechanical ones, are the possibility of 
their being recovered when no longer required for service, and the facilities wffich 
they afford for blockading purposes. 

IV. Mechanical Torpedoes. —In this class of torpedoes the explosion of the 
charge is brought about by purely mechanical means. The mechanism consists of 
a buoyant case containing the requisite charge of guncotton or powder, and fitted with a self-acting 
primer for igniting the charge when the torp^o is struck by a passing vessel. Singer’s torpedo, 

which was extensively used by the Confederate forces during the civil war, is 
represented in Fig. 4136. It consists of a conical iron vessel moored beneath 
the surface of the water. The upper portion A is an air-chamber. is a com¬ 
partment containing the charge. Through the vessel passes an iron bar C, 
having a ring D at its upper end, through which the rope for lowering the tor¬ 
pedo into position is passed. At the lower end of this bar is another eye, to 
which is secured the mooring rope. Ignition is effected by means of a friction- 
tube F, made water-tight by a soldered copper disk H. This disk, though thick 
enough to exclude water, is sufficiently thin to allow a good pull to act effectu¬ 
ally through it on the friction-tube. This is done by means of a loose metal 
cover I fitting on the top of the apparatus, and so arranged as to be thrown off 

when the case is pushed on one side by the contact of a passing vessel. This 

metal cover is connected to the friction-tube by a chain Ky and directly its 
weight comes on this the tube is pulled, and the mine fired. In order to guard 
against an accidental explosion while placing the mine in position, a brass 
safety-pin Ly fitting into a hole in the lower portion of the bar C, is so arranged 
as to pass through a link in the chain, so that if the top falls off the force of 
the jerk is taken up by this pin, and not by the ring G of the friction-tube. A 
line attached to this pin enables it to be removed after the torpedo is adjusted in place. 

Experimentt on Defensive Torpedoes. —Among the most important experiments which have been 
conducted on torpedoes for harbor defense arc two series made for the British Government. The first 
was made on the Medway in December, 1870, with a view to ascertain how near submerged charges 
of 500 lbs. of compressed guncotton could be moored one to another without danger of the explo¬ 
sion of one injuring neighboring chaises. It was determined that the closest proximity in which 

buoyant torpedoes may be moored one to another in safety is 180 ft., while the necessary distance 
between ground mines of a like charge is even greater, ranging at about 200 ft., the distance vary¬ 
ing slightly with the depth of water under which they are placed. The second series of experiments 
was instituted in November, 1875, to determine the probable range at which a submarine ground 
charge of 500 lbs. of guncotton would demolish a vessel endeavoring to pass its station. The 
Oberon, an iron paddle-wheel vessel of 800 tons burden, was fitted with sides and bottom correspond¬ 
ing to those of the iron-clad Hercules, and was used as a target. The following is a summary of 
the experiments: Charge of 500 lbs. of guncotton, equal to 2,000 lbs. of gunpowder, resting on 
ground in 43 ft. of water. 1st experiment—exploded at 100 ft. horizontal distance from starlmard 
side of ship. No effect. 2d experiment—at 80 ft. Effect slight. 3d experiment—at 60 ft. Effect 
still inconsiderable. 4th experiment—48 ft. Engines severely injured and condenser broken ; doubt¬ 
ful if vessel could have proceeded on her course. 5th experiment—attack transferred to port side. 
The depth of water was here found to be 72 ft., so that the charge was suspended at a distance of 
24 ft, from the bottom, and 30 ft. horizontally from ship. Effect much less than on previous trial, 
showing the disadvantage of buoyant torpedoes as compared with ground charges. 6th experiment— 
attack on starboard side resumed; torpedo moored 30 ft. horizontally from vessel. Water-casks 
and ship’s thwart-plates affected, and serious leakage and injury occasioned. 7th experiment— 
charge placed vertically beneath vessel Shock tremendous, breaking ship’s back and leaving her 
a complete wreck. 

A detailed account of the Oberon experiments appears in Engineeringy xviii., 126 seq. 

A large number of tests of torpedoes have been made by Gen. Abbott at the U. S. Army Torpedo 
School at Willett’s Point, N. Y. The results of these, however, are kept secret. The explosive 
force of the torpedo is measured by means of the compressing of lead bars one inch in thickness. 
The force exerted vertically or upward has been found to be greatest, and in some cases to be suffi- 
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cient to compress the bars to fully one-third of their length. (See Seieni\fie American Svjjplenuniy 
No. 189.) 

Defense againet Moored Torpedoes. —There are four principal methods of forcing a passage through 
a network of submarine torpedoes: first, the sending down of divers to search for and sever the 
connecting cables; second, the sending out of small craft under cover of darkness to grapple for 
and raise the torpedoes bodily from their anchorage, using small charges of guncotton to sever the 
cables; third, the projecting of a guard of steel wire or other materials some 40 or 50 ft. in front 
of the vessel’s bow, supporting it if necessary with buoys, whereby the circuit-closer would be struck 
and the mine exploded before the vessel was near enough to receive anjrthing more than a severe shock; 
and fourth, the use of forked “ torpedo-catchers ” attached to the bow, and extending as before some 
60 ft. ahe^. These simply grapple a buoyant torpedo and tear it from its anchorage. To this 
class belongs an apparatus of English invention, which consists in a couple of booms 80 ft. in length 
projecting from the bow of the ship. Across the submerged ends is fixed a horizontal beam 88 ft. 
long, having a zigzag arrangement of iron rods in the form of a W, the idea being that the open 
space of each V of the series, as it is pushed through the water, will inclose the torpedo fastenings 
and lead them to a point at the bottom which is fitt^ with a scissor contrivance, the blades of whi^ 
are worked by levers in connection with a capstan on board. The searcher has a sweep of 50 ft 
A net supported by the bowsprit receives the liberated torpedo and prevci^ts its exploding against 
the operating craft. 

Offensive Torpedoes are sent from the shore to destroy an enemy’s vessel, or from shipboard dur¬ 
ing action to blow up an antagonist. They may be divided into three classes—spar torpedoes, tow¬ 
ing torpedoes, and automatic torpedoes. 

I. Spar Torpedoes are attached to the ends of long spars or booms which are projected from the 
bow or side of the attacking vessel. The torpedo on striking the enemy is expMed either by con¬ 
cussion or by an electric current. A description of the torpedoes of this class 
used during the civil war will be found in a paper on “ Spar-Torpedo Warfare,” 
read by A. S. Woolley before the British Institution of Naval Architects, 1875 
(see ^gineering^ xix., 808). 

One of the latest and simplest forms of spar torpedo is that devised by Capt. 
McEvoy, and represented in Fig. 4187. It is constructed with a tube running 
vertically through its centre, through which the conducting wires are led to the 
circuit-closing mechanism. B Bis the torpedo case, which may be constructed 
of either copper, Lowmoor iron, or zinc; ( 7 , the projecting spar to which the 
torpedo is fixed; EE' are two conductors connected with the opposite poles 
of a voltaic battery; O is also a conductor; and the drcuit-closer. The 
position of the wires within the case, and method of connecting fuse, are in¬ 
dicated by dotted lines. The construction of the circuit-closer is such that 
when the head is drived in by a blow a dished plate is forced back against the 
ends of the wires, and electric communication is immediately established with 
the fuses, which ignite and explode the torpedo. Means are also provided 
whereby the torpedo can be exploded at the will of the operator. The appa¬ 
ratus is described in detail in Engineering^ xxv., 127. The torpedoes them¬ 
selves are simply copper cases containing about 65 lbs. of dynamite. 

Spar Locomotive Torpedoes. —These are torpedoes which may be freed from 
the end of a spar when at a certain distance, say 100 yards, from the vessel at¬ 
tacked, and then pursue their onward course alone. This has been done by 
placing in the torpedo a reservoir of carbonated water and an acid receptacle. 
When desired the acid and alkali are mixed, and the oarbonio-add gas gener¬ 
ated escapes and actuates a small screw-propeller. Another plan is to form 
a thread or worm around the torpedo. The torpedo spar is then rapidly revolved, and the torpedo 
while rotating may be quickly detached, so that it screws its way ahead. None of these plans have 
proved practically success¬ 
ful. (See Enginetring^ 

XXV., 208.) 

Experiments with spar 
torpedoes and details of 
the vessels in which they 
are used will be found un¬ 
der “Torpedo Boats” in 
another portion of this 
article. 

II. Towino Torpedoes. 

—The towing torpedo is 
attached to a rope and al¬ 
lowed to drag astern of a 
fast vessel, whose duty it 
is to move rapidly past the 
enemy. The course is so 
directed as to bring the 
torpedo in contact and ex¬ 
plode the charge under his bottom. This is accomplished by skillfully causing the case to dive at 
the proper moment by the slackening of the tow-rope, and then, by suddenly checking the latter, 
causing the torpedo to rise and explode. The mode of towing the torpedo is shown in Fig. 4188. 
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The most effective form of this class of torpedo is the Harrey or ** otter torpedo, which is repre¬ 
sented in Fig. 4139. It consists of an external case Ay of wood iron-bound, inside of which is 
placed a cubical case of copper, through which passes a brass tube in which is placed the exploding 
bolt. The inner case has openings above for the introduction of the explosive. In the tube are 
placed the exploding bolt and priming 
charge. In the centre of the priming 
chamber is a brass tube in which the ex¬ 
ploding bolt works, and at the bottom of 
this tube is a steel-pointed anvil, which 
when the bolt is forced down pierces a 
capsule and ignites a detonating com¬ 
pound. The charge is from 85 to 100 lbs. 
of dynamite. and if are levers which 
force down the bolt. Z L are buoys. A 
detailed description of this torpedo will 
be found in Engineeringy xxiv., 891. 

The Barber torpedo is modeled on the 
Harvey, and claims to ^ an improvement on its prototype. The long lever-arms are suppressed, 
and are replaced by six* fuses projecting at various angles from the surface of the powder-chamber. 
The explosion is effected either mechanically by collision, or electrically through the conducting wires 
forming the core of the towing rope. The torpedo is kept at the required level by means of fins 
adjust^ in the rear of the shell Buoys are thus dispensed with, and the torpedo is in consequence 
less easily observed by the enemy. 

m. Automatic Torpedoes. —^To this class belong those torpedoes which combine vessel and tor¬ 
pedo in one. They carry no crew, and are constructed to travel under water. Three types may be 
recognized: the fish torj^o, which is entirely self-contained, or, in other words, has its own motive 
power and cannot be governed after it has once been projected; the Lay torpedo, which carries an 
engine and has means of generating gas for driving the same, but is directed by electrical wires com¬ 
municating with ships or shore; and the Ericsson pneumatic torpedo, which is both directed and 
actuated by a current of compressed air led through tubes to the boat. 

The Whitehead Torpedo is the principal form of fish torpedo. The exact details of its construc¬ 
tion are kept carefully concealed from manufacturers, but generally it consists of a cigar-shaped 
vessel, varying from 14 ft to 19 ft in length, and from 14 in. to 16 in. in diameter. It is made of 
speciidly prepared steel, and is divided into three parts: the head, containing the guncotton and the 
exploding apparatus; the central part, containing the machinery; and the third or tail part, contain¬ 
ing the supply of compressed air for the engines. The motive power is supplied by a small engine 
of the Brotherhood three-cylinder type, a type which lends itself readily for packing in a cylindrical 
chamber. The working pressure of the air in the tail is usually about 1,000 lbs. per square inch, and 
the quantity carried is sufficient to propel the largest-sized torpedo a distance of 220 yards at a 
speed of 24 knots, or 1,000 yards at a reduced sp^ of 16 knots. By an arrangement connected 
with horizontal rudders, the torpedo can be made to run below the surface of the water at any re¬ 
quired depth, and keep thereat until the end of the run. 

The torpedo can either be projected from a tube by compressed air, or can be launched by hand 
by simply starting the engine. The former is the method adopted for use from a ship or submarine 
battery, and is shown in Fig. 4140. The latter is the plan adopted for use from small boats. The 
laund^g-tube is passed through the dead-wood of the stem and stem of a vessel; also, if thought 
advisable, through its sides, at a depth of from 8 to 12 ft., according as the draught of the ship will 




allow. Fig. 4140 represents the launching-tube as fitted to the Austrian vessel Gemse. It is pro. 
vided at its outer end with a conical door, worked by means of a strap-hinge and a lanyard. Inside 
of the dead-wood is a gate working vertically by means of gearing; the inner end of the tube is 
also provided with a door fitted like the others with a water-tight joint; near the inner end of the 
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tube is a branch pipe connecting with a Kingston valve in the bottom of the vessel. The torpedo is 
first filled with compressed air, by means of an air-compressing pump in the engine-room, and then 
set to the depth and to the distance desired, after which the cone containing the charge is secured, 
and the percussion arrangement properly adjusted. This being done, the torpedo is pushed into the 
launching-tube, the door behind it closed, and the water admitted from the Kingston valve into the 
tube, the vertical gate being raised at the same time. The outside conical door can be raised at any 
time after opening the Kingston valve, and kept open on going into action. The pump in the engine- 
room supplies air to a reservoir placed in some suitable position in the vessel; and when wishing to 
discharge the torpedo, communication is opened between the reservoir and an apparatus in the rear 
end of the launching-tube, driving the torpedo out with great velocity, and starting its engine at the 
same instant. 

The construction of the Whitehead and other “ fish torpedoes is discussed in a lecture “ On the 
Whitehead Torpedo,” by Lieut. F. M. Barber, U. S. N., Torpedo Station, Newport, R. I., 1874. 

The Lay Torpedo is spindle-shaped, and consists of a shell of boiler iron 28 ft. 8 in. long, divided 
into four compartments. The forward one, technically known as the nose, contains the charge of 
explosive material, viz., 800 lbs. of powder or 75 lbs. of dynamite. The second in order contains the 
motive power, which consists of carbonic-add gas generated in the usual way by the outpouring of 
sulphuric acid (from three fiasks) on a carbonate. The gas, which has an initial pressure of 40 atmos¬ 
pheres, is conducted from the generating apparatus through iron tubes to the engine, which is fitted 
up in the fourth compartment. The third section contains a roll of 10 miles of insulated wire, 
which is paid out from the reel itself, and serves to keep up electrical connection with the firing sta¬ 
tion. The torpedo is entirely under the control of the electrician, who, by means of a series of con¬ 
tacts, opens or closes certain valves, and thus increases or diminishes the speed and stops or steers 
the torpedo as circumstances may require. The torpedo is submerged to about four-fifths of its vol¬ 
ume, and cleaves its way through the water at an average rate of 10^ knots an hour. It may be 
fired either by contact or by closing the electric circuit. Its position is always known by the slender 
guide-poles which project from its upper surface. 

The Lay torpedo has been successfully manoeuvred at a mile and a half distance from the station 
from which it was dispatched. For detdled descriptions see Scientijic American^ xxix., 31, xxziv., 
324, and Scientijic American Supplement^ No. 22. 

7'he Ericeeon Pneumatic Torpedo has a shell made up partly of wood and partly of iron. It is 
13 ft. 6 in. long, and is propelled by pneumatic pressure produced by strong condenring air-pumps 
erected at the firing stations. The air is led through a stout hose, which is gradually paid out, to the 
engine situated within the body of the torpedo. This is connect^ with a double screw whose rota¬ 
tion produces the necessary propulsion. The driving power consists in reality of two screws revolv¬ 
ing in opposite directions. This contrivance was adopted in order to neutralize the effect of the 
water, or back-lash, on the rudder. The depth of immersion varies from 6 ft. to 15 ft., and is at¬ 
tained by setting the ** diving pins ” at an appropriate angle. The charge consists of 200 lbs. of 
powder; it is lodged in the nose and fired mechanically. Some ingenious mechanism has been de¬ 
vised by means of which the movements of this machine may be regulated, so that, applying differ¬ 
ent pressures, the speed may be varied, and the torpedo may be stopped or directed at pleasure. 
The secret of the arrangements necessary to effect this has not transpired. Owing to the weight and 
length of the hose, it has not been found practicable to send this torpedo to a distance exceeding a 
few hundred yards. In the frequent experiments made by the United States Navy, but little success 
was obtained in steering this torpedo. (See Scieniijic American^ xxxi., 390.) 

' Torpedo Boats. —Vessels especially devised for torpedo warfare may be divided into three classes: 
1. Submarine boats; 2. Torpedo launches; 8. Large torpedo vessels. 

I. Submarine Boats were the earliest means adopted for attaching torpedoes to the hulls of ves¬ 
sels. David Bushnell, a captain of engineers in the American army during the Revolution, devised 
a submarine boat to carry a torpedo charged with 150 lbs. of gunpowder, to be attached by a wood- 
screw to the bottom of an enemy’s vessel, and fired by a clockwork fuse. The first actual trial of 
this invention in 1776, against I^rd Howe’s fiag-ship in New York Harbor, resulted in failure. A 
full description of Bushnell’s boat, and of the principal attempts to construct vessels of this kind, 
will be found in a lecture on “ Submarine Boats,” by Lieut. F. M. Barber, U. S. N., published at the 
U. S. Torpedo Station, Newport, R. I., 1875. Probably the best device of this kind was the so-called 
Phillips l^at built on Lake Michigan in 1851. The vessel used by the inventor was dgar-shaped, 40 
ft. long and 4 ft. in greatest diameter. It had many ingenious contrivances for keeping it on an even 
keel and adjusting its depth under water. It was propelled by a hand propeller, and accomplished a 
speed of 4^ knots with two men at the cranks. 

Fig. 4141, from Lieut. Barber’s work, shows the proposed plan of a torpedo boat on the above 
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system. The diameter is about one-eighth the length. At C is a recess for torpedoes, which are placed 
in an opening in the cylinder underneath, the cylinder being turned until they pass up through a cor¬ 
responding aperture. At AT is a submarine gun working in a ball-and-socket joint. At A is a 
rocket to be fired along the surface of the water, carrying with it a torpedo F, The torpedo is pro- 
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Tided with a pair of diving fins, and when the rocket, which carries a lai'ge bursting-charge, strikes 
and explodes, the torpedo dives and bursts under the bottom of the ship attacked. 

The Winans submarine boat, built in 1872 for the St Petersburg Yacht Club, is a dgar-shapcd 
cylinder of steel, 78 metres long and 4.88 metres in diameter. Two propellers, each 7.6 metres in 
diameter, are us^ at opposite ends of the boat. The engines work up to 2,000 horse-power. 

The submarine boat used by the Confederates in the sinking of the U. S. steamer Uousatonic off 
Charleston Harbor was built of boiler iron. She was 86 ft. long, and was manned by a crew of 9 
men, 8 of whom worked the propeller by hand. In smooth water she could make about 4 knots per 
hour. 

II. Torpedo Launches. —^Thcse are small swift boats designed to approach under cover of the night 
or of a fog, and destroy a hostile vessel by exploding a spar torpedo against her side, or by the projec¬ 
tion of a fish torpedo. The requirements of such craft are: 1, speed; 2, capability of ^ing rapidly 
manceuvred; 8, perfectly noiseless machinery; 4, sufficient thickness of the steel deck to protect the 
crew from mitrailleuse fire. There is no mode of torpedo attack so dangerous. But little more than 
the deck of the boat is visible above the water, and this is rendered difficult to discern by its dull 
gray color. Actual experiment has shown that a swift launch may inm alongside a large vessel de¬ 
spite the closest watch, and that heavy guns are of little or no avail as a means of prevention, owing 
to the difficulty of hitting so rapidly moving a target. Various methods of defense have been de¬ 
vised, however, to which reference is made farther on. 

The most improved torpedo launches are those constructed by Messrs. Thomeycroft A Co. of Lon¬ 
don, England, three forms of which are represented in figs. 4142, 4148, and 4144. 

Fig. 4142 represents the torpedo boat constructed for the Austrian and fVench Governments. The 
dimensions are; length, 67 ft.; beam, 8 ft 6 in.; draught of water, 4 ft 8 in. They are built of 
steel plates and angle bars, the armor extending down to the water-line on each side. They are di¬ 
vided into six water-tight compartments, and the spaces fore and aft the machinery are permanently 
decked. The engines are of 
the usual invertkl double¬ 
cylinder, direct-acting type, 
fitted with a surface con¬ 
denser and capable of devel¬ 
oping 200 indicated horse¬ 
power. Air is supplied to 
the furnace by being forced 
into an air-tight st(^e-bole. 

The boiler is of steel and of 
the locomotive type. The 
fire-box and stays are of copper, and the tubes of drawn brass. The compartments in the stem and 
stem are for stores, the adjacent ones for the crew, and those amidships for the steersman and the 
machinery, these being armor-plated. The steering compartment has a hood, provided with narrow 
slits to enable the helmsman to direct his course. The Austrian boats on a trial for speed made 




18.202 knots per hour. The steam-pressure averaged 106 lbs. per square inch, and the vacuum 26| 
in. during the run. The French made 18.026 knots per hour, with a steam-pressure of 108 lbs. and 
vacuum 26 in. 

In February and March, 1877, the French Government made some experiments at Cherbourg with 



these boats in actual attack upon the Bayonnaise, an old wooden frigate. The method of working 
the torpedo spars adopted is shown in Fig. 4146, A representing the deck-line and B the centre-line 
of the boat. The apparatus consisted of a steel pole about 40 ft. in length, having one end about 
116 
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6 in. in diameter and Bolid, and the other about in. in diameter and hollow; this pole was mount¬ 
ed at its solid end on small pulleys which ran upon two ropes stretched fore and aft of the Tessel; 
the other end, to which the torpedo was attached, was led over a puUey fixed on the bow. Ropes 
passing over pulleys to a windlass in the after compartment were attached to the inboard end, and 
by turning the windlass the pole was drawn backwanl or forward as required. It will be obserred 
that as the pole is drawn forward, the inboard end being constrained to move in a line parallel to the 
deck, the outer end is depressed in the water, and is so adjusted that when the pole is run out to 
its full extent the torpedo is depressed to al^ut 8^ ft. below the water-level. The Bayonnaise was 
towed at a speed of 6 knots per hour, and the attacking boat approached her at a speed of 14 knots. 
The torpedo, charged with 88 lbs. of damp guncotton and submerged to a depth of 8| ft. below the 
surface of the water, exploded immediately on striking,,tearing an immense hole in the Bayonnaise, 
so that the latter would have sunk at once had it not been for auxiliary supporting casks. An impor¬ 
tant result of the French experiment was the discovery that only 90 per cent, of the explosive wUch 
might be safely fired at the bow could be fired at the stem, and only 86 per cent at the side. 

Fig. 4143 represents the Lightning type of vessel built for the English Government. The dimen¬ 
sions are: len^h, 84 ft.; beam, 10 ft. 10 in.; draught of water, 6 ft The speed is 18 knots. The 

engines are capable of indi¬ 



cating 360 horse-power. She 
is armed with WUtehead tor¬ 
pedoes. It will be noted that 
both this boat and that repre¬ 
sented in Fig. 4142 are pro¬ 
vided with the Tbomeyotift 


screw. This is so constructed 


as to prevent the water from being driven out radially from the axis by the centrifugal force. The 
blades are curved, and it is stated that the curvature varies in such a way ** that the inclination of 
the blade to the axis is greater near the boss than at the tip, on account of the greater amount of 
centrifugal force impress^ on a particle of water near the boss as compared with a particle of water 
near the tip.” The arrangement of the screw abaft the rudder is abandoned in a later type of 
Thomeycroh boat represented in Fig. 4144, known as the improved Lightning,” and built for the 
French Government in 1878. The dimensions are: length, 87 ft.; beam, 10 ftls in.; draught, 5 ft. 
6 in. The highest speed made by this vessel on the measured mile was 19.428 knots per hour, and 
on a three hours’ run an average of 18.963 knots. The construction of the Thomeycroft launches is 
described in a lecture ” On Torpedo Launches,” delivered by Mr. John Donaldson before the Royal 
United Service Institution, May, 1877. 

It is worthy of remark that the vessels built for torpedo service by Messrs. Thomeycroft & Co. have 
not attained the speed of some of their other boats, notably the Gitana, a pleasure 3 racht ccmstnict- 
ed for Baroness Rothschild. This vessel, which is 91 ft. long by 18 ft 6 in. beam, on her trial run 
of 1 hour and 48 minutes, averaged 28.89 miles per hour. The Mler^pressure was 100 lbs., vacuum 
24 in., horse-power developed akmut 460, and mean number of revolutions 818 per minute. iSee 
Engineering^ xxii., 466.) The fastest torpedo launch constracted up to the present time (1879) is 
that built by Messrs. Yarrow k Co. of Poplar, England, for the British Government Her length is 
86 ft, beam 11 ft., and displacement 27 tons. The cylinders are 18 in. and 22 in. in diameter, and 
12 in. stroke. On her official trial this boat accomplished a speed of 21.9 knots per hour. An ac¬ 
count of her performances, with indicator diagrams from her engines, appears in Engineering^ 
xxviii., 307. 

The Herreshoff Torpedo Launch^ built for the British Government, is represented in Figs. 4146 and 
4147. The dimensions are: length, 69 ft 6 in., and beam, 7 ft 6 in. The hull Is composite, with 



4146. 


4147 . 


timber planking below the water-line gnd a steel skin above. There is also a steel superstructure 
covering the machinery and men. Fig. 4147 shows the manner in which the junction is made be¬ 
tween the steel upper skin and the timber planking. The engine is compound, having a 6-in. and a 
10^-in. cylinder, with lO-in. stroke. The boiler consists of a coil of wrought-iron pipe 2 in. in diame¬ 
ter and about 800 ft. long, this coil forming a kind of combustion-chamber above the grate, which is 
4 ft. in diameter. The feed is supplied to the upper end of the coil, and the mixed steam and water 
escaping from the lower end passes into a separator, where the water is deposited, the steam being 
then led through a short superheating coil on its way to the engine. As will be seen from Fi^:. 
4146, the engine is placed well forwaiS in the vessel and the shaft runs at an inclination through the 
bottom of the boat. In order, however, to counteract the effect of running a screw with a steeply 
inclined shaft, the Idtter is curved throughout its length, so that the after end is brought nearly hori¬ 
zontal. The shaft is of steel, and is kept to the curve shown by being run in a brass tube which is 
bent to the desired curve, and which forms a kind of oontinuous bearing from end to end. The 
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carved tube forming the shaft-bearing is securely fixed inside a double walled copper chamber, which 
projects below the Attorn of the boat, and serves the triple purpose of a support to the shaft, a fixed 
centre-board or false keel, anch a surface condenser. The keel formed by the condenser, being at 
the centre of the length of the vessel, forms a kind of pivot on which the boat may be turned. The 
exhaust-steam from the engine enters the condenser near the forward end, and the suction-pipe to 
the air-pump draws from the after end. The screw is 88 in. in diameter, with 5 ft. pitch, aqd, as 
will be seen, is situated more than one-third the length of the vessel from the stern. Owing to its 
position, the screw is of course always working in solid water. The rudder is balanced. The weight 
of the boat with stores and torpedoes is 8 tons. 

III. Torpedo Vessels. —Appliances for the use of spar, towing, and fish torpedoes form part of 
the armament of all modem war vessels. A variety of craft have however been constructed espe¬ 
cially for torpedo service, and built in a manner and of a size which differentiate them wholly from 
the torpedo launches. The German torpedo ship Ziethen is 226 ft. long, 28 ft. broad, and 18 ft. 6 
in. deep, and is arranged with two long tubes placed parallel to the keel, from which fish torpedoes 
are projected. (See “ Report of Chief Engineer J. W. King, U. S. N., on European Ships of War,” 
Washington, 1877.) 

The U. S. torpedo ship Alarm was constructed from plans prepared by Admiral D. D. Porter, 
U. S. N. Her length is 172 ft., of which 82 ft. is snout or ram, beam 27 ft. 6 in., and draught of 
water 11 ft. She uses spar torpedoes thrust out from the bow and sides, and also carries a heavy 
gun and a number of mitrailleuses. A detailed description of this vessel appears in the ScienHJie 
Americany xxxvi., 159. 

The Polyphemus, one of the most novel forms of English torpedo vessels, is built of steel and baa 
a convex deck. The convex curvature is continued round her sides some distance below the water¬ 
line, after which her sides converge toward the keel, or rather to where her keel should be, in V-shape. 
The deck rises but 4 ft. 6 in. above the water-line. The vessel is 240 ft. long, 40 ft. broad, and has 
a load-draught of 20 ft. The engines work up to 6,500 horse-power, and give her a spe^ of 17 
knots. She is provided with a heavy steel ram and means for projecting Whitehead torpedoes. 

Captain John Ericsson’s torpedo vessel, the Destroyer, has several novel and peculiar features. 
The ^w and stem are exactly alike, terminating in very sharp wed^s. The length is 180 ft., depth 
11 ft., beam 12 ft, extreme. The mdder is wholly unconnected with the visible part of the stem, 
being attached to a vertical wrought-iron post welded to a prolongation of the keel, just aft of the 
propeller. Its upper part is nearly 4 ft. below water-line. The tillers consist of thin plates of iron 
riveted on opposite sides of the rudder, a few inches from its bottom; they are operate by straight 
rods connected to the pistons of horizontal hydraulic cylinders of 6 in. diameter attached to the sides 
of the keel. Accordingly, the steering gear is placed 10 ft. below water-line, while the top of the 
mdder only reaches within 4 ft. of the water-line. This vessel is so far impregnable that, in attack¬ 
ing bow on. it can defy the opponent’s fire, offering absolute protection to the commander and helms¬ 
man, as well as protecting the base of the smoke-pipe. The hull is provided with an intermediate 
curved deck extending from stem to stem, composed of plate-iron strongly ribbed and perfectly 
water-tight. This intermediate deck sustains a heavy solid armor-plate placed transversely to the 
line of keel 82 ft. from the bow, inclined at an angle of 45**, and supported on the aft side by a wood 
backing 4 ft. 6 in. deep at the base. The steering-wheel is applied behind this wood backing, a wire 
rope extending from its barrel to a four-way cock near the stern, by which water-pressure is admitted 
alternately to the hydraulic cylinders at the stem, the motion of whose pistons actuates the mdder. 
The lower division of the vessel is supplied with air for the boiler furnaces by powerful blowers draw¬ 
ing in air from above. During attack the Destroyer is intended to be as deeply immersed in the wa¬ 
ter as the monitors; but a deck-house or cabin 70 ft. long, composed of plate iron, is riveted water¬ 
tight to the upper part of the hull As this cabin, which has no opening in the sides, virtually forma 
part of the hull, it would be safe to run with the upper deck considerably below the water-line. 

Defense against OrrENsrvE Torpedoes. —^This is an unsolved problem. The roost efficient means 
yet found to ward off the attack of submarine torpedoes is a strong network of wire rope or chain, 
suspended from booms and completely encompassing the vessel It is difficult, however, to con- 
stmet a network which cannot be broken through by the larger sizes of fish torpedoes at short range. 
A plan of combining with a strong netting a system of countermines which destroy the attacking 
torpedo has been proposed by Mr. Park Benjamin, and has received the approval of high authority, 
but has not been practically tested. 

The simple netting, or a system of floating booms surrounding, a vessel, can be surmounted by 
torpedo launches having spars so arranged that they may be lifted over the obstmetion and dipped 
down to strike the vessel below the water-line. Against boats which can be seen there is little doubt 
but that the Hotchkiss revolving cannon forms an efficient defense. For details of experiments with 
this weapon against torpedo launches see Ordnance—Machine Guns. The electric light is used on 
men-of-war to illuminate the horizon, and thus render the approach of torpedo boats visible. A 
cordon of guard-boats around the vessel, to intercept torpedo launches, has also been used. Various 
plans for thickening a vessel’s bottom to enable her to withstand the explosion of a torpedo have 
been proposed ; but these are radically erroneous, as any resistance which the vessel can offer will 
always be less than that of the water-tamping, and the explosion will vent itself wherever the least 
opposition is encountered. 

TRACTION ENGINE. See Engines, Steam, Portable and Semi-Portable. 

TRAMMEL, or TRAMMEL-GAUGE. This tool. Fig. 4148, to which the term beam compass is also 
applied, consists of a bar A, of iron or wood, carrying two sliding pieces B ( 7 , having steel or pencil 
points. For draughtsmen’s use it is made much lighter than is here shown, and is provided with 
set-screws instead of wedges, and between the end of the set-screw and the edge of the beam or bar 
is interposed a small spring shown at A in Fig. 4149. The office of the spring is to keep the bot- 
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tom of the slot in the trammel and the edge of the beam in contact when the set-screw is kx)6encd, 
60 that tightening the screw may not throw out the adjustment of Uie pencil-point. J. R. 

TRAP, STEAM. See Heating by Steam and Hot Water. 

TRIP-HAMMER. See Hammers, Power. 

TRUSS. See Bridges. 

TRUSSING MACHINE. See Barrel-making Machinert. 

TUNNELING MACHINES. Battering-Ram TunneUBorer, —^Fig. 4160 represents Peniice^s bat¬ 
tering-ram tunnel-borer, which works on the principle of the steam-hammer. By suitable mounting of 
the cylinder on the trunnions of a gun-carriage, it can be made to take all the positions of a marine 



or siege gun, and strike the rock with blows of 8 or 10 tons energy. The hammer weighs 2^ tons. 
A is the framing suspended on the wheels B, The end wheel serves to direct the carriage, and the 
whole is moved forward by the. aid of a handspike inserted in the holes O in this whed. D is 
the steam-cylinder, mounted on trunnions, and its angle is determined by the segment N and pinion 
and handle if. E is the valve-chest; the hand-lever by which the valve is actuated; ir' is a 
heavy balance-weight; H is the ram-head fitted with cutters; J is the air-pipe for conducting the 
compressed air which drives the apparatus. By moving K backward and forward, the hammer H 
will be made to act as a battering-ram on the face of the heading in a way that will be obvious. 

Beach*8 Tanneling Machine. —^Fig. 4161 represents a tunneling machine devised by Mr. A. E. Beach 
of New York, and used in the partial construction of the proposed New York Underground Railway. 
The body of the shield is shown at A, and is simply a short tube of timber-work, backed by a heavy 
wrought-iron ring, against which the hydraulic rams D act to advance the entire machine. The 
front part of the shield is a heavy chilli iron ring B, brought to a cutting edge and crossed on the 
interior by shelves C, also sharpened. Bearing-blocks E of timber are placed against the masoniy, 
as shown, on which the rams press when the shield is advanced. F is the pump from wbirii the 
water is carried to the rams by the pipes G. is a hood of thin sheet metal, within which the 
masonry is built in rings of 16 inches length, the bricks being interiocked. The pump is worked 
to cause the rams to press with a force of 126 tons against the end of the masonry. This forces 
the cutting edge and the shelves into the earth to a ^stance corresponding to the length of stroke 
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in the hydraulic cylinders, and, the earth being removed, the masonry is again advanced, and so on 
step by step. Whenever it is desired to alter the course of the shield, it is done by turning cocks in 
the pipes which lead from the pumps to the 

rams, on that side which is not to be ad- 4131- 

vanc^ The rams then acting upon the op- ~ y 

posite side advance it. ^ ^ .^j r- '^ ^ 

Dow^t Tunnding Machine .—^This machine \ ~ ; ^ j~ - , ■=^ —— 

is the invention of Mr. Olney B. Dowd of New Z_111 _u| 4 

York, and is designed for tunneling under |=g ^v. L — 

the b^ of water-courses where the material llT^ \ ^ -- - r ^—| i ^_ l ! 

is soft and liable to cave in. It consists, as ^ 

shown in Rg. 4162, of a cylindrical case _ o 

with a head at the front end, through which ^ "^rf _'~i - 

projects a revolving shaft carrying a cutting rz - I gJ /> 'i 'T^l ^ 

orscrapmg arm which breaks or cuts down ^ v -.'"zzz_ __ | ^ j ^ 

the earth. The shaft and arm are hollow, ^5-^' ^ ^ I i 

and suitable perforations are made in thejat- ^ —^£l — H * j 

ter, through which water is projected. This ^ _' _ ‘j ^ 

water mingles with the earth to form a thin ^ >1 > —■ j- | i 

mady which may be removed fr^ in front of rr L’ D~ , ] "] | ^ 

the head by the pipe shown. With this pipe •• ? j , j -- ^ 

pumps are connected. In the bottom of the ^ ^ ^ zIT Z 

case A, and near the front end, is an oblique „ ■ - — — | ‘ 'Z ; 

opening through which a large tube W, shown —~T _ j——r 

in dott^ lines, may be pushed. By means b- 

of this tube a hole may be made in which to 

sink a bowlder or similar obstruction in the way of the case. The latter is forced ahead as fast as the 
earth is removed from before it, and it is followed by the wall of the tunnel built up in its rear. 

In Fig. 4153 the tunnel is shown lined with sections of elliptical tube. The object of using sec¬ 
tions of this shape is to enable them 
4152 to be carried through the previously 

constructed portion of the tunnel, 
. ~ ^ fK when no other means of access to 





?-□ wpl 


~the work exists. For this purpose 
z '^jr y ^ mounted on suitable 

V carriagei or trucks. These last 

consist of two independent plates, 
each having two wheels, and detachably clamped to the ends of the sections by a bolt, so that a sec¬ 
tion of the tube forms a portion of the truck itself when in working condition. The tube sections 
are grooved and tapered so as to match tightly, packed with lead, and screwed up by lugs and bolts, 
as shown in Fig. 4163. 

Work for Reference .—See ** Tunneling, Explosive Compounds, and Rock-Drills,” Drinker, New 
York, 1878. 

TURBINE. See Water-Whhels. 

TURNING. See the various articles under Latht, etc. 

TURN-TABLE. See Railroad. 

TURRET-LATBE. See Screw-making Machinery. 


TUYERE. See Furnaces, Blast, and Furnaces, Cupola. 

TYPE-SETTING AND -DISTRIBUTING MACHINERY. The problem of the application of ma 
chinery to composing and distributing type has engaged the attention of many inventors in Europe 
and America. Great improvements have been made in the manufacture of type itself, in electrotyp¬ 
ing and stereotyping, and in printing machines. But the task of arranging types in line, ready for 
printing, is still almost universally performed as in the days of Gutenberg and Faust; the human 
fingers lifting from its receptacle each successive letter or space, and depositing it in place in the 
“ stick ” before going for another. And after each new arrangement of the type has fulfilled its 
purpose, and the matter has been stereotyped or electrotyped or printed from, the types have all these 
centuries been returned by the human fingers again, each singly, to its proper place, there to lie with 
its fellows in a promiscuous heap, waiting for the fingers of the compositor again to summon it to a 
place in a new combination. The day^s work of the compositor still remains theoretically at 6,000 
ems, composing, correcting, and distributing; such 6,000 ems of solid type involving the separate 
handling of about 28,800 separate pieces of metal Practically, compositors out of newspaper offices 
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do not average the traditional 6,000 ems. More than 80 United States patents have been issued for 
improvements in type-setting and -distributing, and more than 90 in Great Britain, besides many on 
the continent of Europe and in Canada, whose general features are, however, almost all to be found 
in the American and British patents. 

Sizes of Type ,—American and British types are made of the uniform height of of an indi. 
Their depth, or dimension up and down the line, slightly varies in different foundries for the different 
sizes. George Bruce of New York, in 1822, arranged a standard bringing each size into exact pro¬ 
portion with the others, each size being made 12.2462 per cent, larger than the one next smaller, 
and doubling at every seventh size in any part of the series. 

The thickness of type, or its dimension along the line, varies indefinitely, according to the style of 
letter. An alphabet, the small letters a to z, set up in line, will measure in the neighborhoi^ of 
12| ems or squares. In a ** fat ’’ font the letters are thicker, and the alphabet measures more than 
12j ems; and in a **lean’’ font they are thinner, and measure less than 12^ ems. All blanks, how¬ 
ever, spaces and quadrats, are made of a determinate thickness in all fonts of the same size. 

The unit of measurement in the United States is 1,000 ems or squares. If 25 ems or squares of say 
bourgeois type will go in a certain “ measure ” or width of column, then the length of 40 lines down 
that column will make 1,000 ems, whether the matter is solid or leaded. * The ** blank ” in the page, 
whether in leads separating the lines, quadrats at the beginning and end of lines, or open spaces in 
the page, are the printer’s “ fat,” to be paid for as solid matter. An average solid 1,000 ems con¬ 
tains about 2,400 separate pieces. In Great Britain the unit of measurement is the 1,000 ens, or 
half the space occupied by 1,000 ems. 

On the edge of the type, under the foot of the letters, are cast certain “ nicks ” or notdies, one, 
two, or more to a t 3 rpe, in different positions. These serve to indicate to the compositor how the 
types are to be laid into his stick, and also to differentiate fonts of type. If there are several fonts 
or styles of say brevier in an office, the bodies of the same depth, if all were nicked alike, there 
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would be danger of the mixing of fonts. But the varying nicks enable the compositor easily to 
discriminate one from another. Fig. 4164 is a line of type with varying nicks. The rounded nicks 
are those made in the type-foundry, the square ones being cut in after casting for a use in the dis¬ 
tributer hereafter to be described. 

Type^wUing,—\ji hand-work the compositor takes his place before his stand, on which lie the upper 
and lower cases—shallow trays divided into compartments, a compartment for each character. If 
bis case is empty, he must first distribute. He takes up a handful of dampened ty]>e (called ** mat¬ 
ter”), resting it in his left hand, the nicked edges of the type uppermost. With the thumb and first 
fingers of his right hand he takes off a dozen letters more or less, and throws them one at a time 
each into its own compartment. This he does at the rate of 2,600 to 4,000 ems per hour. When 
his case is full enough and the type has become dry, he is ready to “ comp^.” Taking in his left 
hand his stick and rule, and reading a portion of his copy, he fixes with his eye a particular charac¬ 
ter, picks it up with his right hand, and places it in bis stick at its extreme left, with the nicks out¬ 
ward and upward, selects and places the next letter to the right of the first, and so on, keeping h» 
left thumb on the end of the forming line. When he has composed enough for a complete line, be 
justifies, that is, adjusts the spaces between the words, adding or diminishing so that the line may be 
of full length. He must divide words as little as possible, and not on one letter; nor must be 
divide a single syllable: such words as enough, thought, through, etc., are not to be divided. When 
a line is justified, the compositor withdraws the rule from under and places it over the line, and com¬ 
poses a new line, until his stick will hold no more, when he grasps the whole mass with the thumbs 
and fingers of his two hands, presses all together, and empties,” that is, removes it bodily from 
the stick and places it on the galley. 

Typesetting Machines .—^The earliest patent for machinery to do the compositor’s work is an Eng¬ 
lish one, taken out by William Church—said to have been a Connecticut man—in 1822, and was 
organized, 1, to cast type and leave them in reservoirs; 2, to set them into Ime from these reservoirs 
by key motion; and 3, to print from them. Of course, the type being cast hew for each use, no dis¬ 
tributer was needed. The third English was the first American patent, that of James H. Young and 
Adrienne Delcambre, June 22, 1841. The first English distributer was that of Etienne Robert Gau- 
bert, 1840, and the first American that of Frederick Roscnboig, Sept. 9, 1843, previously patented in 
England in 1840. 

The Wesicott T)(p€S(!tting Machine differs from all other apparatus. It operates by Uie touching 
of a key to cast a new letter for each use and leave it in its proper place in Uie line. 
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In type-founding, types are cast in moulds containing at one end a copper matrix of the char¬ 
acter. The aperture through which the melted metal is injected is at the end of the mould opposite 
the matrix, and a piece as long as the type, called the jet, extends through the aperture from the 
bottom of the type. Thus imperfections in the metal and Tariations of temperature spend them¬ 
selves in the jet, leaving the body of the type comparatively perfect. The types thus cast go through 
various processes, such as breaking off the jet and ploughing in its place a shallow groove across the 
foot, thus leaving each type two ** feet '' to stand upon, ** rubbing,*’ etc.; and at last, set up in long 
rows, they pass under the eye of an expert, who, as he examines them carefully with a gloss, rejects 
all in which he detects any imperfections. In these processes an average of 10 per cent, is elimina¬ 
ted ; so that of 100 lbs. cast only 90 lbs. are actually fit for delivery. 

General Conetrudion of Typesetting Machinery, —With this exception of the Westcott machinery, 
all the American setters are n^e to take types from reservoirs by the touching of keys, and to bring 
them into place in the forming line. The ways of doing this are various, some brinmng the letters 
from the reservoirs through converging raceways into the line, others driving all letters into a 
straight raceway along which a shuttle urges them to the line, and others using a circular raceway. 
Much time, thought, and money have been expended on these various attempts; especially upon the 
Alden series, the Felt machine, the Mitchel machine, the 0. L. Brown macUne, the Paige machine, 
and those invented by Houston, Dickinson, and Lorenz. Some machines distribute automatically, 
selecting letters by nicks or notches cut in them for that purpose, and some finger back by the 
human will, reversing the operation of setting. 

In the Alden Typesetting Machine the letters are in separate channels ranged as radii about a 
slowly revolving horizontal wheel. Near the circumferenee of this wheel are a series of ** convey¬ 
ers,” each one adapted to take or to leave a single t 3 rpe. These conveyers are slotted in the direc¬ 
tion of their length, and are governed by a pin on the wheel extending through the slot, so that they 
can stop an instant as the pin moves with the constantly revolving wheel, and then ** catch up ” 
again by a spring. The letters are selected for setting by pins or tumblers set by the keys, and are 
di^ributed in a reverse manner. Each alternate conveyer takes and leaves a letter, to that setting 
and distributing go on at the same time. This method is expensive, complicated, and slow, and is 
supposed to be wholly given up. 

The Mitchel Machine is one of the older forms. The pressure of a key liberated a type upon a 
tape, of which there was one for each letter, and on its tape each type reached its place in the form¬ 
ing line. Several types could be on the way at once, but would arrive in the order in which the keys 
hs^ been touched. The letters were distributed by a revolving wheel which caught them by their 
machine-nicks and deposited them in lines. Kindred to the Mitchel setter is that of A. C. Rii^ards, 
in which the' tjrpes are fingered by keys upon an endless apron, on which two converging straps, 
traveling at a speed different from that of the apron, bring all letters to the line in the order in 
which they are touched. 

The Ddcambre and Kaetenbcin Typesetting Machinee present points of strong resemblance. The 
Delcambre setter brings the types down upon converging inclined channels to the line. In the Kas* 
tenbein setter the types lie on their edges in closed separate reservoirs, from which they fall down 
vertical converging channels to the line. In both the Delcambre and the Kastenbein distributers the 
reservoir for each letter opens obliquely out of a central channel with a little valve which normally 
closes these side channels, keeping the central one intact. The key-pressure sends a single letter 
into the central channel, and at the same time swings the valve at the head of the appropriate reser¬ 
voir so as to switch the letter into it. The Kastenbein machines have been used in the office of the 
Christian Union in New York, and in that of the London Times, in the Government printing office 
at Berlin, and elsewhere. Mr. Kastenbein has recently (1879) replaced his key-distributer by one in 
which the types are placed by hand, one by one, in the mouths of tubes leading directly to the type- 
reservoirs. 

The O. L, Brown Typesetting Machine was arranged to deliver type into a curved channel held in 
the hand, from which it was pushed into a continuous line and afterward justified by the operator. 
The distributer was automatic, using nicked type and tumblers arranged around a cone. 

The Felt Typesetting Machine was organized to perforate strips of paper by key-action in setting 
the type, and to distribute by means of these strips. Of course justification and correction made the 
perforated strips useless. 

Ihe Paige Typesetting Machine uses reservoirs in which the tjrpes lie edge to edge, from which the 
key-motion forces the lowest type into a race running along their lower ends. The keys are so ar¬ 
ranged as to allow of combinations of type being touched into the race at once. At each beat a 
shuttle drives one or more letters—whatever may have been forced into the race at one depression 
of a key or keys—through the race and into the line. 

More than one machine attempts to harness electricity to the work of setting or distributing types. 
Machines operated by air-blast have also been devised. Scores of patents have been obtained for 
machines which have proved impracticable. 

The Dickinson-Lorens Machines have been applied to actual work in New York with notably sue- 
cessful results. The apparatus is in two parts, and consists, first, of mechanism for composing the 
type in a continuous line, justifying from this continuous line into the required measure, and deposit* 
ing in order upon the usual galley ; and second, machinery for distributing ” dead matter,” that its 
types may be again used. Persp^ive views of these machines arc given in Fig. 4155, the distributer 
being on the leR, and the setter and justificr on the right. 

The combined case is common to the composing and distributing machines, being filled in the latter 
and emptied, or set out, in the former. This case is a series of 28 parallel channels, in which the 
t 3 rpe 8 stand in regular rows, side against side, and with faces outward and all pointing in the same 
direction. The width of each of these channels allows of the easy passage through it of type of 
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two neighboring sizes, as long primer and bourgeois, or bourgeois and brevier, without danger of 
disarrangement; and the depth of each is a trifle more than the height of type. 

In the composing machine three of these cases, containing together (3 x 28 = ) 84 channels, are 
arranged at the top of the machine, each in its separate ** cradle.** This cradle is a frame which can 
be rocked into a horizontal or into a perpendicular position, and contains ways upon which a case 
may be slid in or out, a glass plate against which the fronts of the cases rest when the cradle is in a 
perpendicular fK)sition, a rubber-covered roller against which the faces of the types may be arrested, 
and a rack cut corresponding to the width and thickness of each letter. The cradle is rocked to the 
horizontal position, and the filled case slipped into it and rocked to its perpendicular position, in 
which the faces of the types are all in view of the operator through the glass. Behind the bottom 
of each channel of the 
case is the steel push¬ 
er figs. 4166 and 
4167, which the de¬ 
pression of the corre¬ 
sponding key £ will 
force through the slot 
at the bottom of the 
case against the foot of 
the lowest type in the 
channel, which it will 
force forward out of 
the case. The key be¬ 
ing released, a spring 
withdraws the pusher, 
and the row of types, 
under their own weight 

and that of a free slug, falls to the bottom of the channel, leaving the next type in position to be 
forced out by the pusher when its key shall again be touched, fig. 4156 shows the pusher A re¬ 
tracted, and Fig. 4167 the same forcing the lowermost type out, after the key is depress^. 

As the type is driven out of the case by the pusher, its face end is projeked upon a rest against 
the rubber-covered roll before referred to, and its foot, pushed off the bar of the case, drops into its 
own channel in the^ront-plate upon its glass, down which, foot foremost, it slides. The front-plate is 
a series of converging grooves, one to each letter, cut in a metal table. This grooved plate, with its 
covering glass, is set at an angle, inclining downward and backward, so that the glass covers all the 
grooves and becomes the bottom of each channeL 

At the foot of the front-plate is a pendulum gate through which the types pass into a race or 
channel, in which the continuous line is formed. A cam running in the race, just under and behind 
the gate, drives each letter as it drops and the whole line beyond it ahead, keeping continually open 
a place to receive another type. Several types may be at the same time upon their way from the 
cose to the race, but they will arrive at the race in the order in which the keys were touched. In 
the case and in the front-plate they are always in plain view of the operator. 

The race, beginning at the gate in a line directly opposite the operator, is curved to hie left, and 
conveys the forming line to the justifjring mechanism. One side of the race, for a few inches before 
it reaches the justificr, is provided with a thin brush, which keeps the types upright under the pres¬ 
sure of a cam driving forward the line step by step. The justifier, holding in his left hand a ‘‘ grab,** 
adjusted to the required measure or length of the desired line, draws the needed length from the 
line into the composing stick, which is simply a composing rule with two abutments upon a bottom, 
where he justifies the line. Convenient to his hand is a series of channels of spaces, standing nearly 
upright; and at the bottom of each channel are two thumb-pieces so arrangeSd that the pinching of 
them together leaves between the thumb and finger of the operator one, two, or three of the particu¬ 
lar quadrats or spaces he may desire. As spaces are thus driven from the bottoms of their chan¬ 
nels, a free slug resting upon the column instantly brings down the remainder of it to the bottom of 
the channel The operator soon learns automatically to seize such spaces as he needs, and can con¬ 
centrate his eyes uninterruptedly on the line he is justifying. Underneath his line is an inclined 
plane upon which the types rejected from the line in justifying drop, and are led again into a chan¬ 
nel down which they are forced by a cam ready to be again plac^ in position for the justifier*8 fingers. 

When the line is thus justified, and while the operator may be cutting off with the grab a new 
line, the pressure of the foot upon a treadle lifts the composing rule above the level of the face of 
the type, and pushes the line out of the composing stick and into the galley below, which is arranged 
to receive and hold the required measure. On the release of the treadle the composing rule si^s 
again to its place, and the stick is ready to receive the type which is to form the next line. If the 
matter is to be leaded, the leads are put in place by the same pressure of the treadle. The composing 
stick, rule, and width of galley-room are adjustable to the required measure, and the usual galleys are 
employed, being easily and quickly put on and taken off. The cam which pushes along the types in 
the forming line, and those which perform the same office for the spaces rejected in justifying, are 
revolved continuously by power. 

In the Lorenz-Dickinson distributer, a page or bloek of type is put upon the galley, and kept 
continually pressed toward the machine by a weighted follower. Under the forward line of the 
page an elevator-plate rises and falls. On this plate one line at a time of type is lifted into a 
channel, along which it is pressed toward and into the machine by another weighted follower travel¬ 
ing at right angles to the first. One character at a time is cut off from the end of this line by a 
spring-actuated type-driver vibrating at right angles to the line, which bears against a roller follow- 
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ing a cam on the main shaft, and so is made to select the first type only, whatever its thickness. 
When the last character of a line has passed into the machine, the plate automatically sinks just 
below the level of the bottom of the line, the page is forced forward over it, and the plate again rises 
with a new line; and so on, until the last line of the page enters the machine. 

As each type is pushed off the line by the type-driver, it is received by one of a series of carriers, 
represented in Fi^. 4158 and 4159. Kg. 4158 shows the carrier empty, and Fig. 4169 the carrier 
holding a type. As the type-driver pushes forward each new type, the plunger driving the characters 
in the front row by means of a stud on its face opens the spring above referred to, in exact time to 
receive the type; and as the plunger recedes, the withdrawal of the stud allows the spring to close 
upon and hold the type. The next beat of the machine moves forward to the right this loaded car¬ 
rier, and brings into its place another carrier ready to receive the next type, and so on. 

The edge of the type opposite the usual foundry-nick is notched or nicked with two shallow ma¬ 
chine-nicks, with differing positions for every type used in the distributer; and this edge as the type 
stands in the carrier is exposed to the action of the nick-pin and feeler mechanism, carried on the 
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feeler-slides. Each of these feeler-slides, of which there are as many as there are kinds of type or 
“ sorts to be distributed, has a short reciprocating motion with ea^ beat of the machine, to and 
from the front line of carriers. Each slide carries two pins adapted to enter the exposed nicks of 
its particular type, and a .hook pivoted at the rear of the slide, and resting near its centre upon a 
rest-block actuated by a rod, the front end of which is in alignment with the niek-pins. This rest- 
block on which the hook rests is a lever pivoted at its bottom, and the pin engages with it near the 
pivot Thus the top of the block, on which the hook rests, is pushed l^ck a distance greater than 
the travel of the rod, which is only the distance which the nick-pins enter the type. As the carriers 
pass along step by step as before described, they rest for an instant in front of each feeler-slide, 
and while they rest the feeler-slide comes forward to the type. If the nick-pins and the nicks in the 
type do not correspond, the pins and rod carrying the rest-block remain in line, the spring against 
the bar moving the feeler-slides is slightly compressed, and the hook slides forward and back over 
the ejector top without touching it But when a carrier presents to a feeler-slide a type whose 
nicks correspond to the nick-pins of that slide, the nick-pins enter the nicks and go forward a 
little. (In Fig. 4160 the feeler-slide and carrier-pin are shown. Here the pins and nicks do not 
match, and the hook remains up. Fig. 4161 is the same, but with the hook down, the pins and 
nicks corresponding.) This brings the rest-block rod against the exposed edge of the type at a place 
where it is not nicked; and the rest-block, remaining still while ^e slide goes forwa^, is pushed 
relatively back behind the hook-rest, and the hook drops beyond and below the ejector. As the 
slide re^es in its backward travel, the hook engages with and draws out the ejector, and by con¬ 
sequence the character resting against it. Before coming forward again a trip movement, actuating 
a bar running under the whole series of hooks, elevates upon its rest-block any hook that has been 
dropped, so that a hook can draw only one ejector, unless again dropped by a new entrance of the 
nick-pins into appropriate nicks. 

Each type as it thus leaves the carrier is drawn into a channel in a front-plate, through whidi it 
can drop easily but cannot turn. Each of these front-plate channels leads into the top of a conduc¬ 
tor-tube, which leads the type to its appropriate place in the case below. These conductor-tubes are 
square metal bars. In each a groove is cut spirally, so that the type received from the carrier 
through the conductor-tube reaches the bottom turned one-quarter around. When a case is put into 
the distributer, the slugs previously mentioned are pushed by hand to the head of the case, or 
against the type remaining in the channel. As each character drops, it is pushed forward and down 
the channel, the column and free slug resting against the spring-slug, which jdelds step by step as 
pushed. The head of each column in the case is always open for the reception of a new ^aracter, 
and each character as dropped is pushed out of the way and arranged in orderly column against the 
slug, gravity preventing any character from falling backward towa^ the head of the case. When 
any of the channels have become filled, the case is taken out, passed to the composing marhSng^ 
and replaced by a case which needs replenishing. 

Any type having no maohine-nlck, which enters the distributer, of course must pass by all the r^^ 
lar feeler-slides. Such types are arranged in orderly rows at the end of the machine, being drawn 
out according to their thickness. The last hook is arranged to drop at every beat of the maSiine, so 
that no carrier can enter the back row holding any type. 

These machines are easily run at 4,000 to 6,000 ems per hour. One pair of operators have aver¬ 
aged about 4,000 ems an hour since May, 1878 ; and in a single week in the summer of 1879 one 
pair of operators set and justified more than 336,000 ems, partly solid and partly leaded with 6 to 
pica. S. W. G. 
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TYPE^-WRITER. A machine in which movable types are caused to yield impressions on paper 
to form letters and words, through mechanism operated from a keyl>oai*d. The object of the appa¬ 
ratus is to produce legible print^ matter rapidly, and to substitute the same for ordinary writing. 

One of the earliest forms of type-writer was invented by Mr. S. W. Francis, and will be found 
described in detail in “Appletons* Dictionary of Mechanics’’ (1851). It is noteworthy from the fact 
that it contains the essential features of all subse¬ 
quent devices of this kind, the chief of which is 
the “ arranging of a row of hammers in a circle, so 
that when put in motion they will all strike the 
same place, which is the centre of said circle.” The 
paper is placed over a roller whioh is moved over 
the hammers longitudinally, and which rotates at 
the end of a line so as to leave a blank space be¬ 
tween the line completed and that which follows. 

Francis’s instrument has a much more complicated 
action than the type-writer of the present time, the 
simple arrangement of which is shown in the dia¬ 
grams, Figs. 4162 and 4163, the latter being a plan. Here T is the roller on which the paper is 
received; C is the type-lever, which is pivoted near each end, and is brought up to strike the 
paper by pressing down the key A as indicated by the dotted lines in Fig. 4162. Between the type 
and the paper passes an inked ribbon, and this is directly struck by the type, the impression being 
left on the paper above. 

The most improved modem type-writer is the so-called No. 2 machine manufactured by Messrs. 
Fairbanks A Ck>. of St. Johnsbury, Yt. This machine, represented in Fig. 4164, is so constructed that 
it prints either capital or small letters, at the will of the operator. The keyboard, having 40 keys or 

press-buttons, is shown in front of the machine. 
4164. The apparatus is composed of two portions: the 

body, containing the keys, action, tjrpe-levers, and 
inking ribbon; and the carriage, in which is the 
rubber-covered roller over which the paper is 
placed. The carriage moves across the top of the 
body on rails. Motion is imparted to it through a 
strap which is connected to a cam or fusee-shaped 
spring-wheel, and the tension of which may be di¬ 
minished or increased by means of a worm-wheel 
and crank. On the under side of a bar attached 
to the rear of the carriage is a radc. In the teeth 
of this rack engage dogs which are connected to 
a vibrating bar on the rear of the body. This bar 
communicates with all the key-levers, so that when¬ 
ever a key is pressed down the bar is turned on 
its axis and the dog is removed from the rack. The 
Ciiiriage is then moved to the left by the action 
of the spring-wheel, but is prevented from travel- 
- ing more than the space covered by one tooth of 

the rack by a second dog, which engages in the next notch. It will be seen, therefore, that when¬ 
ever a letter is impressed on the paper the carriage is automatically moved onward, so that a blank 
space is left between the letter printed and the one following. As soon ^ as the end of a line is 
reached a bell is sounded, and the operator removes the dogs from the rack, so that the carriage may 
be brought back quickly to its starting-point. In front of the body of the apparatus is a gauge- 
plate, and on the carria^ is a pointer. By this means the operator is enabled to maintain lines of 
uniform width, or to adjust the paper so that the impressions may be made at any desired points. 

An expert with one of these machines can imprint from 50 to 76 words per minute; and by the 
use of manifold paper, a large number of copies can be simultaneously produced. 



VACUUM-PAN. See Suoab Machinebt. 

VALVES AND COCKS. In all machinery put In motion by the action of a fluid or employed In 
pumping fluids, valves are required to regulate the admission and discharge. They therefore vary in 
form and construction, with reference to their purpose. Valves adapted to a large number of spe¬ 
cial uses are described in connection with the apparatus of which they form a part. For construction 
of valves used in steam-engines, see Enoikes, Proportions op Parts op, E.noines, Steam, Stationary 
(R xoiPROCAnNo), and other articles under Engines; also Slide-Valve. Pump-valves are fully de¬ 
scribed in articles under Pumps ; valves used in the hydraulic press under Press, Hydraulic, and in 
the hydraulic ram under Ram, Hydraulic ; in air-compressors, under Air-Compressors ; in brakes, under 
Brakes; in flumes, etc., under Mining, Hydraulic, and Aqueducts; in lock-gates, under Canals. 
Safety-valves for steam-boilers are described under Boilers, Steam, and Alarms; for balloons, un¬ 
der Air-Ship. For valves used on locomotive engines, see articles under Locomotive ; for those 
used in gas machinery, see articles under Gas ; for those used in heating apparatus, sec Heating by 
Steam and Hot Water. Special forms of valves are described under Rock-Drills,Water-Meters, 
and Water-Wheels. 

Valves generally considered, with reference to the manner in which their motion Is obtained, may 
be divided into four classes: 1. Valves opened and closed by hand ; 2. Valves opened and closed by 
independent mechanism; 8. Valves opened and closed by mechanism so connected with the machine 
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AS to render the times of opening and closing synchronous with the motions of the machine; 4. 
Valves opened and closed by the action of the fluid. With regard to the motion relative to the seat, 
valves may be classified as follows: 1. Flap- or butterfly-valves, which rotate in opening; 2. Lift- 
or puppet-valves, which rise perpendicularly to the seat; 3. Sliding valves, which open by moving 
parallel to the seat. 

Flap- or Butterfly- Valves .—simple form of flap-valve is represented in Fig. 4166. It consists of 
a leather disk strengthened and stiffened by two plates of metal, which at the same time give weight 
enough to the valve to close rapidly when the pressure beneath it ceases. A butterfly-valve conasts 
of two flap-valves placed hinge to hinge, or sometimes edge to edge. In the latter position there is 
less interference with the movement of the fluid. The flap is sometimes entirely of brass, as in the 
case of air-pump foot-valves, where leather would not be sufficiently durable. Valves of this kind 
are most commonly lifted by the fluid. 

Disk- Valve .—A form of valve extensively used for condensers and pumps consists of a drcular 
disk of India-rubber, secured by a bolt at the centre, and resting on a brass grid which forms the 
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seating. The India-rubber, being flexible, lifts easily from the grating when any fluid pressure is 
applied beneath it, and closes again readily and without violent shock when the reflux b^ns. To 
prevent the India-rubber rising too high, a perforated guard-plate is placed over the valve. A valve 
of this kind is shown in Figs. 4166 and 4167. The valve-seat b attached to the cast-iron casing of 
the condenser by bolts, and the India-rubber and guard-plate are attached to it by a stud. The 
valve and guard-plate are removed from one half of the plan, in order to show the grating on whidi 
the valve rests. The India-rubber should not be too thin; three-fourths to seven-dghths of an inch 
thickness is sufficient; and the apertures of the grating should be so small that there is no great 
flexure of the India-rubber when resting on the grating. Moderate-sized valves of this description 
answer better than large ones. It is more satisfactory to use several valves of 7 in. to 9 in. diameter 
than to use a single large one. 

The throttle-valve used on many engines, which consists of a circular or square metal disk, capa¬ 
ble of turning about a shaft passing through it in the direction of a diameter, is a kind of double¬ 
flap valve. The disk is placed in a pipe, and closes the passageway when placed across the pipe, 
while it offers little resistance when parallel to the axis of the pipe. This valve is an imperfect 
equilibrium valve, the pressure on one half partly balancing the pressure on the other, so t^t the 
force required to move the valve is only equal to the difference of these two pressures. The equi¬ 
librium is exact, however, only while the valve is shut or sa long as there is no sensible current pass¬ 
ing it. If a rapid current is established, the pressure on that half of the valve which first deflects 
the current is greater than on the other half, thus tending to close the valve. 

Lift- or Puppet- Valves .—These are very various in form, the simplest being a circular disk, usually 
of metal, with a flat or beveled edge, which fits a circular metal seating. These valves are g^erally 
placed with the axis of the valve vertical, so that their weight tends to keep them closed; but they 
may be otherwise placed if springs or rods are used to close them. In order that the valve may 
open an annular space equal in area to the circular passage under the valve, the lift must be equal 
to one-fourth of the valveb diameter. This lift is sometimes objectionable, because in closing the 
valve acquires a considerable velocity, and there is a shock at the moment of closing. This is not 
only prejudicial from the vibration it occasions, but it leads to the destruction of the faces of the 
valves and seat. Hence, with simple lift-valves, the lift is often restricted to a less amount than 
would otherwise be desirable, and then the resistance to the passage of the fluid is increased. 

To find the area of opening of a valve in square inches due to a given lift, the following rules 
may be adopted: 

(a.) When the lift of the valve is equal to or less than the depth of the seat: Find the product 
of (1) the diameter of the valve in inches, (2) the lift in inches, (8) the sine of the angle of bevel 
of the valve, and (4) 8.1416. Add this to the product of (1) the square of the lift in inches, (2) the 
square of the sine of the angle of bevel of the valve, (8) the cosine of the angle of bevel of the 
valve, and (4) 3.1416. 

(6.) When the lift of the valve is greater than the depth of seat: Find the product of (1) the 
diameter of the valve in inches, (2) the depth of seat in inches, (8) the sine of the angle of bevel of 
the valve, and (4) 8.1416. Find the product of (1) the square of the depth of seat in inches, (2) the 
square of the sine of the angle of bevel of the valve, (3) the cosine of the angle of bevel of valve, 
and (4) 3.1416. Find the product of (1) the diameter of the valve in inches, (2) the difference be¬ 
tween the lift and the depth of seat in inches, and (8) 8.1416. Add together these three products. 

Example .—The diameter of a valve is 4 in., the bevel is 36°, and the depth of seat \ inch. What 
is the area of opening for a lift of | inch? 4 x 0.26 x 0.674 (sine of 85°) x 8.1416 = 1.8. Square 
of 0.25 X square of 0.574 x square of 0.819 (cosine of 86°) x 8.1416 =: 1.86. 4 x 0.125 (differenoe 
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between the lift and depth of seat) x 8.1416 = 1.67. 1.8 + 1.86 + 1.67 = 3.42 square inches, the 
area of opening required. 

Fig. 4168 shows a conical disk-Talve and casing. The Talve is guided in rising and falling by 
three feathers, which fit the cylindrical part of the seating, and are shown in the plan of the Talve. 
The lift of the valve is limited by a projection on the cover of the casing. The fitting part or face 
of the valve should be narrow, as it is then easier to make it tight. It must, however, present area 
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enough to resist deformation by the hammering action of the valve. The inclination of the face 
of the valve is usually 46'' with the axis. Conical disk-valves may be actuated either by the fluid- 
pressure or by hand. In the latter case they are opened and closed by a screwed rod. 

A ball-valve is represented in Fig. 4169. This acts in precisely the same way as a disk-valve, ex¬ 
cept that, as the surface of the ball is accurately spherical, it fits the seating in every position. The 
only guide required is therefore an open c^e which limits the play of the valve. Such valves are 
often used for small fast-running pumps. The bail is often made hollow to lighten it. 

The proportions of valves depend partly on the diameter. Thus the area of the waterway must 
be constant, and the linear dimensions of the casing are proportional to the valve's diameter. But 
the thicknesses are in most cases excessive as regards strength, especially in small valves, and do 
not increase in the same proportion as the diameter. For these the empirical proportional unit 
will be adopted, where D is the diameter of the valve. 

DoubU-Beat or Comiah Valve .—The objection to a great lift in metal valves has already been 
mentioned. In the double-beat valve, two valve-faces are obtained in the same valve, and two annu¬ 
lar spaces are opened when the valve lifts. For a given area of opening, the lift is only about one- 
half that of a simple lift-valve of the same diameter. Fig. 4170 shows a Cornish valve for a pump¬ 
ing engine. This valve is raised and lowered by a cam acting on an arrangement of levers. The 
lower seating is carried directly by the steam-chest. The upper seating is carried by four feathers 
or radiating plates cast with the lower seating. The valve itself is ring-shaped. Since the two 
valve-faces arc nearly of the same diameter, another subsidiary advantage is goined in this form of 
valve. The valve is pressed down on its seat, partly by its weight, partly by the steam-pressure act¬ 
ing on one side of it. If the valve were a simple disk-valve, the steam-pressure would act on an 

arca^i)*, where D Is the diameter of the valve. As the valve is annular, however, the steam 

^ w 

presses only on the area - {Di *—Dt *), where Di and 2), are the diameters of the two faces. 

4 

Sliding Vedvea .—Sliding valves are more commonly used than any others for stop-valves which 
are opened and closed by hand. They may be divided into two classes: 1, those with plane faces 
and seats; 2, those with cylindrical or slightly conical faces and seats. The former class includes 
engine slide-valves (see Slide-Valve, and Engines, Proportions of Parts op), and the sluices, often 
of very large size, which arc used as stop-valves on water-mains. The latter class chiefly includes 
the hand-worked valves commonly known as cocks. 

Cocks. —In ordinary cocks the seating is a hollow, slightly conical casing, and the valve, which is 
termed a plug, fits accurately in the seating. The passageway for the fluid is formed through the 
plug. By rotating the plug in one direction its apertures arc made to coincide with the entrance and 
discharge orifices of the casing. The cock is then open. By rotating it in the other direction the 
holes in the plug are brought over blank parts of the casing, and the cock is closed. The slight 
taper given to the plug enables it to be accurately fitted by turning and grinding to its seating, and 
it can from time to time be refitted. Each time it is refitted the plug sinks a little lower in the cas¬ 
ing. If the plug were cylindrical, this refitting would be impossible. The objection to the use of 
cocks in many cases, especially for pipes of large size, is that a good deal of power is required to 
move them, and this is partly due to the conical form, which increases the friction. The simplest 
cocks have a solid plug, which is kept in place by a screwed end. When the cock is small, the cas¬ 
ing has a screwed socket on one side and a screwed end on the other, for the attachment of the cock 
to the pipes with which it is connected. But in larger cocks the inflow and outflow orifices arc pro¬ 
vided with flanges. 

Proportiona of Cocka .—^For small brass cocks, with socket and spigot ends, the following propor¬ 
tions may be adopted: Diameter of waterway of cock, d\ diameter of plug at centre, 1.16<f -f- \ ; height 
of hole in plug, 1.3(/; width of hole in plug, 0.6</; total length of tapered part of plug, 2.5d to 
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Zd\ Bide of square for handle, 0.7<f; height of square for handle, 0.4</; thickness of metal, 0.2<f 
+ tV? diameter of plug-screw, 0.35(f; diameter of screwed end, rf -f- ; internal diameter of socket 

end, d + ; total length, 3.8rf; taper of plug, 1 in 12 to 1 in 9 on each side. 

For cocks with flanged ends, like that shown in Fig. 4171, the proportions are the same. When 
the cock is not very small the thickness is best obtained from the rule: t for cast 

iron; for brass. Some proportions are marked on the figure. 

Large cocks connected with boilers, and in situations where failure would be dangerous, are best 

4171. 417*. 



made with closed ends, as shown in Fig. 4172. The proportions of cocks of this description are a 
little different. Diameter of waterway, d; tMckness of plug, brass, 0.12 + i; do., cast iron, 

0.18 ♦'d-h i; thickness of shell, brass, 0.18 ^d + \ ; do., cast iron, 0.26 Vd-\- 

The shell may be reduced to the same thickness as the plug in parts which do not require to be 
turned. Diameter of plug at centre, l.lScf; size of openings in plug, 1.18(f x 0.66<f; overlap of 
plug at top and bottom, O.OSrf-f 0.4; depth of stuffing-box, depth of gland, 

diameter of studs in cover, + i; taper of plug, 1 in 12 on each side. Some other proportions 
are marked in the figure. 

VISE. The essential requirements of a vise for holding metal-work are: Strength to allow of 
chipping or filing the work without the possibility of the vise breaking; the inertia of the antil 
should be sufficient to absorb effect of blows; the jaws should move parallel and freely, and should 
be arranged so as to get the whole power of the screw. 



Hand- Vises are used for holding small work, serving as a spedes of handle. Various forms of this 
implement are represented in Figs. 4173 to 4176. The tools shown in Figs. 4175 and 4176 are more 
properly pin or sliding tongs, and are closed by a ferrule that is drawn down the stem. Rg. 4176 
shows a variety of tongs which has no joint, but is provided with springs whidi open w^n tbe 
ring r is drawn back. Fig. 4173 is known as a dog vise or pig-nose vise. The manner of using 
these vises is explained under Filing. 
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Screw Parallel Vises.— manufactured by the Hall Manufacturing Company of 
New York, is represented in Figs. 4177 and 4178, the latter being a sectional view from which the 
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PardUd-Leg Vise ,—^The old fashioned leg vise consists of a fixed verti¬ 
cal leg, usually attached to the side of the t^nch, and a movable leg, pivot¬ 
ed between arms or plates secured some distance down on the fixed leg. The jaws of the vise are 
held apart by a spring, and brought together by a screw which is pass^ through or into a pivoted 
nut in the fixed leg. The jaws of this vise arc, however, not parallel; 
and to remedy this difficulty vises of the type represented in Fig. 
4182 have been devised. The engraving shows an improved vise con¬ 
structed by Messrs. Fisher & Norris of Trenton, N. J. It b made to 
act parallel by causing the front end of the lower jaw to have the 
same movement in and out with the upper part, instead of opening 
on a hinge, thus always bringing a square pull on the thread of the 
back jaw, which therefore can be made solid and immovable as the 
vise itself. The ** grip is obtained by the one powerful upper main 
screw with a lever of liberal length, and the parallel movement is se¬ 
cured by the use of another screw at the lower end, and of the same 
pitch as the upper screw, and moved by it exactly the same distance 
in and out. This lower screw is easily moved, as when screwing up 
against a piece between the jaws the tendency of the lower end of the 
jaw is to go in of itself, the chain only regulating its movement. And 
in opening the vise there is no strain on either of the screws; there¬ 
fore it is claimed that the chain used to preserve uniform movement 
suffers no wear and is as durable as any other part. 

Pipe-Vises are of two kinds: those especially designed for their 
purpose, and pipe-holding attachments which may be applied to ordi¬ 
nary vises. Figs. 4183 and 4184 represent a vise of the first class, 
manufactured by D. Saunders* Sons of Yonkers, N. Y. In Fig. 4188 
the vise is shown hinged so that it may be set at any angle, and in Fie. 
4184 it is secured in a fixed frame. The jaws are made V-shaped, and are seirat^ so as to obtain 
a firm grasp of the pipe. The movable jaw is operated by the screw as shown 


construction will be clearly understood. The back jaw is adjustable, and in use instantaneously con¬ 
forms by automatic action to any angle, adjusts itself, and makes firm the object held, whether it be 
straight, beveled, or wedge-shaj^. Or, if desired, by inserting the pin A, Fig. 4177, the jaw be¬ 
comes fixed and immovable, thus making a parallel or solid-jaw vise. The adjustable jaw, resting 
and working as it does upon and against the solid 

body of the vise, is thereby rendered as strong and 41':9. 

durable as the old permanent jaw. By means of 
the swivel bottom this vise may be readily adjust¬ 
ed to any angle, right or left, by raising the ratchet- 
pin B, which on being freed is forced home by a 
spring, rendering the vise firm as if stationary. 

The mechanism of the swivel bottom is such as to 
render it fully as strong as the stationary bottom, 
capable of carrying the heaviest class of work, 
and resisting successfully the shock of chipping. 

TAs Millsds Foils Vise, manufactured by the 
Miller’s Falls Company of Miller’s Falls, Mass., is 
represented in Fig. 4179. It is a combination of 
the older Union and Backus vises, having a cov¬ 
ered screw and a peculiar construction of the slides. 

The screw-covering is telescopic. 

The Howard Vise, made by the Howard Iron Works of Buffalo, N. Y., is represented in Fig. 4180. 
This vise also has a covered screw, but differs in the construction of its slide from that previously 
described. A sectional view through the fixed jaw of the swivel-vise is 
shown in Fig. 4181. The spindle B passes through the table, and is se¬ 
cured beneath by the nut, turned by the handle W, 


4180. 


Digitized by v^ooQle 





I 


896 


VISE. 


Lever Vises. —The peculiarity of these vises is the absence of a screw, and the substitution of a 
lever combined with interior mechanism by which the grip is produced. 

4183. 


4184. 




Th/B Stephens Parallel Vise^ manufactured by the Stephens Patent Vise Company of New York, is 
represented in detail in Fig. 4185. In the engraving the tdp of the vise is removed to show the 
working parts. These consist of a toggle Q and tooth-bar held together by a spring S The 

hook M and cam C, on the handle Hy work the toggle- 
joint. A steel rack T is inserted in the sliding bar B B. 
The sliding bar is here seen disengaged, free to be slid 
either in or out. At the first move of the handle ou^ 
ward the hook M slips from the tooth m, and the spring 
S draws down upon a hook at Vy firmly setting the tooth- 
bar t against the rack T; as the handle is pulled farther 
outward, the cam is brought to bear against the ridge n, 
nearly straightening the toggle, and forcing the morable 
jaw with great power against the object held. The vise 
in Fig. 4186 is shown with a swivel attachment The 
lower part of the vise has a conical ring, which turns 
upon a corresponding conical ridge on the bed-plate JL 
A slight movement of the handle, which turns upon a 
bolt or stud fastened to the stock, serves to bind these conical surfaces tightly together. 

HaWs Sudden-GHp Visty made by the Charles Parker Company of Meriden, Conn., is represented 



4186 . 



in section in Fig. 4186. The movable jaw A passes through the fixed jaw B. Pis the bed-plate, 
above which is a steel rack-plate H, Attached to each side of the rear end of the lever-handle 
is a disk. These disks are inserted in the outer end of jaw A, and are held in place by friction- 
straps T adjusted by the screws 8. On the inner portion of the disk is a pin it, which when the 
lever is raised as shown presses down the end of the pivoted bar Said bar raises the toothed 
clutch Oy disengaging the same from the rack H. The jaw A may then be moved out or in to adjust 
it in contact with the work. When this is done, the lever-handle is pushed down. The effect is to 
release the lever / so os to allow the clutch O to drop, and also to draw a bar /), which is pivot^ to 
the handle-disks, outward; and thus the end of the bar acts as a wedge to push down the toggle-joint 
Ey and so to force the clutch G forward to act against the rack-teeth. As soon as the lever is raised 
to loosen the work, the coiled spring X, acting on the upward-turned end of the clutch (?, carries the 
latter to the rear, and so removes it from the rack-tceth, and at the same time returns the toggle- 
joint to its normal position. 

Vise Attachments are contrivances applied to parallel vises to adapt them to special varieties of 
work. Fig. 4187 represents the taper attachment for irregular objects used with the Stephens vise. 
To one jaw is secured the piece shown on the left, which has a semicircular movable face-plate, which 
turns on its curved side and thus adapts itself to the shape of any object inserted. 
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Pipe-holding attachments are made in a varietj of forms. Fig. 4188 is the attachment adapted to 
the Prentiss vise. The pipe-holding device is secured to the curved plates, which may be adjusted 
at any desired angle. 

WAGON-BUILDING. The chief component parts of wagons and carriages are: 1, the body; 
2, the wheels; 8, the gearing; and 4, the top or covering. 

L Bodies. — limber ,—For the framework of both wagon- and carriage-bodies, the ash (.FVoxmiw) 
possesses every requirement, being of a light but stiff texture, easily seasoned without springing, 
retaining the shape given to it by the mechanic, and, though coming under the head of hard woods, it 
is so easily worked that infinite varieties of shapes may be given it without great waste of time; more¬ 
over, it has an open grain, which gives a desirable foundation for gluing. A soft quality of ash is pref¬ 
erable in the case of a paneled-up carriage, where a good surface for gluing is the chief requirement; 
but in the case of a curtain-quarter carriage of any kind, the pillars should be made of a stiffer qual¬ 
ity, to render the body less liable to spring, and to lessen the vibration, which is apt to fracture the 
joints at the arm-rails in this class of work. In the case of the rockers or chief framing pieces, 
which constitute, as it were, the backbone of the vehicle, and also for comer-posts and seat-frames, 
the stiffest and l^st straight grained ash should be employed. 

A difference of opinion exists as to the best material for the panels of carriage-bodies, the require¬ 
ments being lightness, freedom fmm disposition to crack, smoothness of surface, and size sufficient 
for the widest panel without jointing. The timber seemingly filling these requirements most nearly 
is the white poplar {Populw alba\ commonly known as “ whitewood,*’ which, though of rapid growth, 
is fine in texture, and retains its shape when steamed and bent It is properly classed among the 
soft woods, and when well seasoned is durable. Whitewood is used almost exclusively for the body- 
panels of American-built carriages, an exception being made in the case of panels having considera¬ 
ble swell, as doors, where ash is preferable. English builders, on the other hand, prefer mahogany; 
but in the case of a landau, coach, or brougham, they generally cover the quarters with uncurried 
leather, to form a better foundation and surface for the painting. For seat-panels, whitewood, 
cherry, and sycamore are used, the last two being preferred, as their fibre is stronger than that of 
whitewood, rendering them less liable to split when screwing on the seat-irons, and under the strains 
to which they are subject. 

II. Wheels. — Hub Timber, —^Thcre are several kinds of timber used for hubs. The woods chiefly 
employed are either sour-gum (Nysea midtiflord) or the white rock-clm {Ulmua Amerieann\ both of 
which are well adapted for this purpose. The best elm is found on rocky and rough soil in all the 
Northern and Western States, and should be carefully selected. A stick 6 ft. long is about all that 
can be worked from each tree. Great care must be taken in seasoning, to prevent checking and 
splitting, which will occur if the bark is removed from the ends of the stick. Some, to prevent this 
danger, stekm the blocks. One cause of the popularity of elm hubs is, that the spokes may be driven 
tighter sidewise than can be done with any other wood used. Sour-gum must not be confounded with 
the sweet-gum or pepperidge of the North and West, as it is of an entirely different nature. It 
requires a long time to season thoroughly, and a great amount of care to prepare it for the seasoning. 
The outer bark must be removed, leaving the liber or inner bark on to prevent checking; and a free 
circulation of air must be allowed to keep the sheds ventilated where it is piled, or ** Noting ’’ soon 
seta in; but when perfectly dried, it will last for years without losing its qualities. It is of very 

4199 . 4190 . 4191 . 4199 . 





fine grain, and so interlocked in growth that it is almost impossible to split it. Failing to secure 
these woods, hard white birch, locust, black walnut, or white oak may be used for hubs. 

Proporiione of Hubs ,—We have selected a few patterns of hubs now used. Fig. 4189 shows a very 

117 


Digitized by v^ooQle 






WAGON-BUILDING. 


popular style, size 4^ x 7 in. It is a good, strong pattern, and has at least three-fourths inch wood 
from face of forward spoke to beginning of first be^; not less than this amount should be given in 
making any design for beading. Fig. 4190 shows a hub of the same dimensions, with back band 

reduced to allow for fancy work, making a weak 
foundation. The amount of end grain exposed, 
together with the leverage of the spokes, renders 
this hub Yei 7 liable to shell and crack. The hub 
shown in Fig. 4191 has, in the smaller sizes, all 
the elements of strength necessary; size 4x6| 
in. Fig. 4192 shows the plain hub, much used 
for light sizes. It is not a strong pattern, on ac¬ 
count of the slope of the curve carried to the 
front spoke; in small sizes this objection de- 
ctcases. Figs. 4193 and 4194 show the American 
and English patterns in contrast. Fig. 4193 being the regular 6x8 inch American hob, the other the 
same size from the factory of a London coach-builder. The hub marked Fig 4194 would not last 
in this climate, with so much end exposure and so little solid support in front of the spokes. Hg. 
4195 shows a full hub, and Fig. 4196 a sectional view of it cut longitudinally through the centre. 
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Spokes. —^For spokes, either hickory or oak may be employed, the former being especially adapted 
for light wheels and the latter for the heavy grades. As the size of a wheel is written by giving the 
size of the spoke, we will give as an example a spoke that measures one inch across the shoulders 
^e Fig. 4197). For ease in reference we have divided this spoke into the following parts: .A, tenon; 
By shoulder; C, throat; 2>, body; By face; Fy back; Gy end. This drawing is made to sc^e, and 
the written measurements are consequently not necessary. A spoke of these relative dimensions 
will stand, without deflecting, an average of 750 lbs. direct end-pressure, and about 200 lbs. in the 
direction of end-thrust or lateral strain. 

Rims. —The rims of wheels are also made from either hickory or oak, and are bent to shape by 
machines specially designed for that purpose, those most in use being known as the Reynolds and 
Blanchard machines, illustrations and descriptions of which may be found in The ffvby xx., 888. 

Patented Wheels. —Large numbers of patented wheels are in use, which demand brief mention. 
These may be divided into two general classes; 1. Those having the flanges of iron cast separately, 
and forced upon the hub after the spokes (which have short tenons) have been driven; the spokes 
form a solid arch around the hub, to accomplish which requires that each wheel should have two 

more spokes than the plain wheel. 2. Those which are made 
with a band of iron around the hub, through which are ^ cored ” 
the mortises; this band is forced upon the hub before the latter 
is mortised, the spokes being driven through the mortises in the 
band into the wood of the hub. 

III. Gearings. —The principal parts of the gearing of a ve¬ 
hicle are the axles, springs, fifth-wheel, and shafts. 

Axles. —^Numerous patterns of axles are in use, more or less 
simple in construction, and adapted for different varieties of 
work. To understand the distinctions between the classes, a few 
definitions are necessary. The “ arm ” or “ spindle ” is that por¬ 
tion of the end of an axle which slips into the hub-box, and on 
which the wheel revolves. The ** box ** is a cylindrical metal 
tube fitted into the centre of the wheel-hub, forming the sheath 
within which the axle-arm revolves. The ** skein ’* is a strip of 
iron imbedded into the upper or lower surface of a wooden axle- 
arm, serving as a protection against wear from the hub4)ox. 
The ** collar ** is a projection on the end of the axle-bed, forming 
the bearing against which the hub-box wears. The ** nut-axle ** 
is one in which the box is secured to the axle-arm by a nut in¬ 
stead of a linch-pin. The thimble-skein axle ’* is a variety of 
the single-nut axle, the arm of which is cast hollow, to admit a 
wooden axle-tree. The “ mail axle ” is one in whidi the box is 
secured to the hub by three bolts, running through the hob and 
into a flange at the back of the collar; so named from its fre¬ 
quent use on the old English mail vehicles. The ** half-patent axle '' is a variation from the old 
“ patent-screw axle,” having a single nut on the end, and the box covering the collar. The so- 
called ** Collinge axle ” (named after the English inventor) is the most complicated and complete of 
the axles, and is specially adapted for the heavier grades of pleasure carriages^ Its features are: 
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a large collar, against and within which the box revolves ; generally a parallel arm ; a slide, against 
which the recess in front of the box runs; the application of both right- and left-hiuid nuts, giving 
additional security; and the use of a linch-pin in connection with tl^ nuts. A ** cranked axle ” is 
one whose bed is depi^s^ or bent down, in order to 

allow the body to be hung low. 41S8. 

Axles are seldom forged in the carriage* or wagon- 
shop, but are supplied by manufacturers making them 
a specialty. 

Rubber cushions arc used in hubs with considerable 
advantage in lessening the shocks and vibrations to 
which vehicles are subjected. Fig. 4198 represents a 
section of a hub provided with such cushions. This 
device is termed the rubber-cushioned axle, and is 
manufactured by the Rubber-Cushioned Axle Compa¬ 
ny of New York. The cushions surround the axle-box 
and are imbedded in the hub. Their forms for two 
classes of axles are shown in section in Figs. 4199 and 

4200. They are claimed greatly to reduce wear and tear, and to render the vehicle easier to draw. 

Springs. —^The varieties of springs most in use are known as the side-bar (mainly for buggies), el¬ 
liptic, half-elliptic, and C springs, names that are self-descriptive of their form; the double-suspen- 


4199 



sion, being a combination of elliptic and C springs; and the platform-spring, illustrated by Fig. 
4201, of which a writer in The Hub gives the following description: ** When wo reach the heavier 
grades of platform vehicles, we are compelled to use three-quarter elliptic side-springs, combined 
with transverse or cross springs, as shown in Fig. 4202, in which a shows the upper section, b the 
lower section, e the head, d the shackle, and e section of cross-spring. 
This will be found the best combination for the back gearing of all ve¬ 
hicles having the front axle shorter than the back, its advantages over 
plain elliptics being its greater elasticity and strength, the concussions 
being more widely distributed, and the body consequently remaining more 
nearly in its normal position. By applying platform-springs, we gain a 
further advantage, in securing three bearings for the b^y upon the 
gearing, instead of two as with elliptics, and allowing a reduction in tlie 
number of plates and in the weight of the steel The latter statement will be best illustrated by 
giving a few figures. With elliptic springs 88 or 89 in. long, it would be necessary to use, for a lan¬ 
dau, five heavy plates of l|-inch steel; while with platform-springs we could use steel 1^ inch wide, 
increasing the length at the same time to 43 in., using four plates ranging from No. 8 to No. 4 steel, 
while the cross-spring would be made with three plates of heavy or four plates of light steel.*’ 

The same writer, Mr. J. L. H. Hosier, gives the following suggestions upon the manufacture of 
springs, in an essay which was awarded a first prize by the Carriage Builders* National Association : 

The first operation in making springs is to cut the steel by power-shears, which clip it into the 
proper lengths without blow or shock. The points of the leaves are drawn by passing through ec¬ 
centric rollers, which secures uniformity in the taper, and does not injure the structure of the steel. 
The next operation is welding on the heads. These are forged, rights and lefts, and welded to the 
head-plate in their proper position, by means of two horizontal hammers welding the sides, and a 
vertic^ hammer welding the flat surface of the steel, and at the same time shaping the head to 'fit 
the *• filler.* This is a marked improvement over the old way of welding a clip-lug on each side of 
the plate, turning a head in the vise, and forming it by means of a falling hammer and bottom 
swedge. 

“ Figs. 4202 to 4206 show various parts of the spring. Fig. 4202 represents the * French head *: a, 
the head; 6, section of the plate: c, the end of the head on the plate. By the use of this head 
much of the elasticity of the main plate is sacrificed, and frac¬ 
ture is liable at the point marked c, or near that point. Fig. 

4208 shows the so-called * button-head,* as used on full elliptics: 
a, the head; 6, section of plate. This head does not limit the 
action of the plate nor weaken it (as does the ‘ French head ’), 
unless it is burdened with an excessive weight, in which case 
fracture is liable at or near the point where the head and plate 
are united. For all ordinary purposes this class of heads will be 
found well suited. The only substitute that we can recommend in place of the last described is the 
* Berlin or German head,* Fig. 4204: o, the head; c, section of plate; 6, point of connection between 
the two. By the use of this head the centre of the plate is brought on a line with the centre of the 
bolt-hole. Fig. 4205 represents a section of the lower half of the spring with the same * Berlin 
Dead *: e, head of filler; 6, section of the p'ate. As in case of the upper section, the centre of the 
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plate is nearly in line with the centre of the bolt-hole. Fig. 4206 shows a half section of this spring, 
with the upper and lower plates joined: a, the head ; 6, upper plate; r, lower plate; d, the begin¬ 
ning of the ellipse, which in this spring is truer than in any other, allowing the plates to touch only 
at the point d, 

** To make the filler or head of the bottom plate, the best method b to make a 
solid eye, and drill the hole for the bolt. The bolt should fit as closely as an axle- 
arm fits its box. In fitting the filler in the head, care should be taken to allow a 
clear space between the tiller and the upper surface of the plate, to prerent the 
grinding of the head on the tiller. The shaip comers on the upper side of the 
filler should be lemoved, to prevent the filler from severing the inner portion of the head where 
welded to the plate, thereby avoiding the liability of loose or broken ears, which not infrequently 
occur when the fitting is imperfect. 

** An elastic hickory bow forms a good model for the taper which should be given to spring-plates. 
In Fig. 4207, a indicates the end, and h the centre. Ilcre we find a gradual taper from centre to 
point. The spacing and taper of the points should be as nearly equ^ as 
possible, after placing the first plate upon the main plate, and so drawn as 42C7. 

to produce a true taper throughout. The effect of irregular tapering is 
shown in Fig. 4208, in which a shows the head, and h the centre. We find, 
with such a spring as this, that when weight is applied the spring is liable 
to assume the shape shown in Fig. 4209. 

** With a view to increase the elasticity of springs, spring-steel is made of 
such a shape as to reduce the friction of the baring surfaces to a minimum, 
by making the steel slightly concaved; this concave shape gives a bearing 
on the edges of the plates. It is almost impossible to fit two spring-plates together so that daylight 
may not be seen between the plates, but they should be fitted as closely as possible. To accompUsh 
this, * file-fitting ’ was introduced; but this process has some objections, increasing the bearing sur¬ 
faces and consequently the friction, and also adding materially to the expense. Others grind the 
surface of the plates, on the principle that smoothness of surface must allow easier action and con¬ 
sequently greater elasticity. If, however, we simply remove the scales produced by frequent heat¬ 
ing, and coat the bearing surfaces with graphite, the same end is attained with better results. 

** The process of * water-tempering ’ springs is not reliable, and the action of water upon heated 
metals is more or less harmful, where elasticity is aimed at Water is productive of oxides, which 
are injurious to all metals. Oil, on the other hand, while it may not cool the outer surface as quicAly 
as water, is more penetrating in its effects, and thereby renders the metal more homogeneous through¬ 
out. Linseed oil possesses all the requisite qualities for tempering spring-plates. The fire or furnace 
for heating the plates should be so constructed as to prevent a direct blast upon the plates; for if 
the heat be generated by the ordinary method, the metal is liable to be oxidiz^ to a point where sco¬ 
ria would set in, which could not bo corrected. 

“ Of the various grades of steel employed for springs, I prefer that known as * Greaves's Swedes 
steel.* While cast steel may answer for all ordinary purposes, where elasticity is not required to the 
greatest possible extent, it should not be used for springs, on account of the shortness of its fibre and 
consequent lack of elastic strength. 

** The best method of securing a correct action of springs is the proper graduating of the plates. 
A spring with its plates properly graduated, from its main plate to its shortest one, if otherwise well 
constructed, is better fitted to sustain weight and to impart elasticity than one of even calibie 
throughout.’* 

The side-bar spring, peculiar to buggies, will be spoken of more particularly in connection with 
the working drawings of a buggy presented farther on. 

The class-names of vehicles are frequently preceded by an adjective descriptive of their spring sus¬ 
pension, giving rise to a large number of convenient terms, such as “ side-bar buggy,” “ double-sus¬ 
pension landau,” “ C-spring coach,” ** platform wagon,” etc., which are self-explanatory. 

FifTH- Wheels. —The fifth-wheel or circle of a carriage (>onsists of two hori- 
4210. zontal metal circles or sections of a circle (or one of metal and one of wood), 

placed between the upper and lower sections of the front gearing, and gen- 
IP P erally connected with these parts by a king-bolt; these plates, revolving one 

upon the other, allow the axle to turn laterally, and thus change the line of 
HI motion. Some fifth-wheels consist of two full circles, but there are also 

H “half-circle,” “three-quarter,’’“I^,” and “elliptical ** fifth-wheels. Fig. 4210 

illustrates a buggy fifth-wheel made of elcven-sixteenth-ineh Norway iron, and 
having a diameter of 12 inches. 

IV. Construction op a Square-box Buggy. —Having now defined all the principal constituents of 
wheeled vehicles, we select for careful analysis the square-box buggy, or road-wagon, the typical 
American vehicle, of which Fig. 4211 presents a side view; Fig. 4212, a half view of the front; Fig. 
4213, a half view of the back; Fig. 4214, a half view of the ground-plan, looking down upon the 
vehicle; and Fig. 4216, a half view of the ground-plan, looking up from the bottom. We give 
below a full description of the manner in which a buggy of this kind is commonly constructed, the 
dimensions being furnished by J. L. H. Mosier, foreman smith with Brewster A Co. of Broome st.. 
New York: 

Woodwork of Body. —For the rockers and framework of the body, use ash. For some porti<m 5 
of bodies, as the drop-front, it is necessary to increase the sustaining power of the rockers by plating 
them on the inner sides with iron plates, known as “ rocker-plates,” secured to the rockers by wood- 
screws. The dimensions of the framework may be varied somewhat, according to the size, weight, 
and capacity of the wagon; the capacity of the wagon before us being two persons, together weighing 
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825 lbs. The rockers may be made H to If in. wide and to If in. deep, and the back end>bar of 
the same dimensions; but increase the width of the front end-bar by a quarter of an inch, to afford 

support for securing the feet of the dasher, and also for the foot-rail, or ircm rod protecting the front 
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panel from the feet. The comer-posts are halved into the rockers, being of the same width as the 
latter, and three-quarters of an inch thick. The front comer-posts are left flat, to afford a surface 
on which to secure the dasher; while the back comer-posts are concaved to conform to the thickness 
of the panels. The seat-posts, or ** uprights,** arc framed into the rockers, and left flat on the out¬ 
side and concaved on the inner surface. For the seat-frame use ash, and for the panels of the seat 
whitewood, cherry, or sycamore. The dimensions of the body are dependent upon several condi¬ 
tions, including comfort, symmetry, and the desired weight and carrying capacity. The length of 
the box may vary from 4 ft. to 4 ft. 4 in., and the width from 17 in. (the narrowest consistent with 
comfort for two persons) to 82 in. The depth of the side panels may vary from 4 to 10 in. The 
distance from the bottom boards to the Sop of the seat-frame is commonly fixed at 12 in.; and that 
from the front of the seat-frame to the fmnt panel at 24 in., which is necessary to afford sufficient 
foot- and leg-room. 

For the body panels use whitewood, three-eighths inch at base, and one-quarter or five-sixteenths 
inch at top, secured at the comers by angle-irons resting on the upper surface. Halve or mitre the 
panels at the comers, and then glue them to the rockers, comer-posts, and seat-posts. Secure them 
additionally to the rockers by wood-screws. No- 10 standard, the panels being countersunk to permit 
of covering the screw-heads with wooden plugs or otherwise. The seat-riser is next added, or this 
may be made in one piece with the side panel, as is preferable. 

The best builders do not make the box-body perfectly rectangular, as the following variations have 
been found to give a more attractive appearance: The width at the top should exceed that at the 
bottom from one-half to two-thirds of an inch, and the length at the top should be three-quarters of 
an inch or more greater than at the bottom. • 

The rockers are rabbeted out on the under inside surface, to receive the ends of the bottom 
boards of whitewood or pine, the latter being usually seven-sixteenths of an inch thick; these are 
fastened to the rockers by clout-nails or screws, and for further security a strip of ash, 1^ x f in., 
is attached beneath them. 

In planning the seat-frame, allow 15 in. seat-room for each person in the finished vehicle. The 
usual height of the seat-sides is 5 or 5^ in. at the front, increasing one-half to three-quarters of an 
inch at the back; and the flare of the seat-sides is such as to make them from 2^ to 8 in. wider at 
top than at bottom. The front end of the seat-side is usually beveled back from one-half to three- 
quarters of an inch, and the back from 2 to 31 in. The scat-panels are from one-half to three-quar¬ 
ters of an inch thick, and ash blocks are glued in at the comers. 

Woodwork of Gearing —For the woodwork of the gearing the best qualities of timber should bo 
selected, using elm or locust for the hubs, and second-growth hickory for the spokes, rims, side-bars, 
cross-bars, h^-block, reaches, spring-bars, axle-beds, and thills. The dodge commonly given to the 
spokes of buggy-wheels is three-eighths of an inch; and the dish, when tired, varies accoiding to the 
size of the wheel, from three-sixteenths of an inch, the standard for the lightest, up to half an inch 
for the heavier. The average height of buggy-wheels is 3 ft. 10 in. for the front, and 4 ft. i in. for 
the back. Arch the axle-be& about half an inch. Either a single or double reach may be used, con¬ 
necting the axles; but the double reach, as shown in the accompanying plate, is the standaid for 
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square-box buggies: dimensions, seven-eighths of on inch wide by three-fourths of an inch deep, and of 
sufficient length to make the distance between the springs an inch and a half greater than the length 
of the body for half-elliptics, and 4 in. longer than the body when full ellipUes are used. The ob¬ 
ject of using this double reach is to avoid extra weight in the other parts, and to moke the gear¬ 
ing more secure throughout, iron being entirely dispensed with excepting in the head-plate connection, 
the back coupling, and the two short side-stays. The front ends of reaches ai e framed or mor¬ 
tised into the head-block, where they are secured by a plate; and the back ends aie secured by the 
two stays already mentioned and by couplings. 

Suspension. —^The body illustrate is hung on side-bars, as is now common with vehicles made with 
half-elliptic springs. The bars are made of the best second-growth hickory, locust, or ash, and se¬ 
cured to the half-springs by clips. The length of the bars is measured from the outer sides of the 
springs, and in. is added to each end to allow for finish: width of bar at centre, in.; depth, 1^ 
in. at centre, tapering to 1 x f in. at the ends, and rounded on the upper surface. These side-bars 
are elastic, and, in connection with the transverse cross-springs, give an easy motion, similar to that 
of elliptic springs, but without the recoil of the latter; moreover, with side-bars the body can be 
hung much lower than wdth elliptics. 

Two cross-bars are shown beneath the body, secured to the side-bars by clips; the body rests upon 
these cross-bars, and is securely attached to them by bolts passing through the rockers and bars. 
The degree of elasticity of the side-bars depends largely upon the location of the cross-bars, which 
should be about 16 in. apart, and with the back bar in. nearer the baek spring than the front bar 
is to the front spring; the centre of gravity of the loaded body being about that distance back of the 
centre. 

The shafts, tot showm in the cut, have the following dimensions: size at the cross-bar, li x 1} 
in., tapered to the front to | in., and to the back to H t length forward of bar, 6 ft 6 in.; 
back of bar, 14 in.^ curved down 10 in., the points being bent outwardly to prevent interference 
with the harness; distance between points, 24 in.; distance between back ends, 38 in. or more, to 
suit length of axle; bar, 1} x 1^ in.; length of whlffletrce equal to distance between shafts, outside 
to inside. 

Ironwork or Gearing. —The iron parts of the gearing are few in number and simple in construc¬ 
tion. Several varieties of king-bolts are in use, the most common being the **clip king-bolt,** consist¬ 
ing of a stem passing through the bead-block and spring, secured by a nut bearing on spring, with the 
cl^ portion encircling the axle-bed, and secured by yoke and nuts. The saddle-clips, whose shape 
is well known, are made with the object of securing the springs without passing Iwlts through the 
axle; and the heel-clips or couplings serve to connect the ba^ end of the perches with the back 
axle-bed. The stays and steps require no special description. 

For full particulars regarding the different grades of iron and steel used for carriages, and their 
special adaptation, see report by J. L. H. Mosier in Tkt Huby viii., 183, upon tests made by him at 
the Columbia College School of Mines. 

Work9 for Refertnce. —^^‘Argentoratensis de Re Vehiculari Veterum,*’ Joannis Schefferi, Frankfort, 
1671 (doubtless the oldest existing work on this subject); “Vehiculus Antiquonim,** Pyrrhus Ligo- 
rius Neapolitanus, Frankfort, 1700; ** Designs of Carriages,** Van Westerhout, Rome, 1687; **Die 
Wagen und Fahrwerke dcr GHechen und Romer,** Ginzrot, Munich, 1817; Wagenbau-Zeitungy 
Meitinger, Munich, 1864 ei ; **£rklfirung des Pariser Kostenplanes,** Meitinger, 2d edition, 
Berlin, 1664; **L*Art du Menuisier-Carrossier,** Roubo fils, Paris, 1771; Jl/ercwre oMrretW, Ren4, 
Guillon, and Smith, Paris, 1849-*67; Le Guide du CarroKifTy Thomas, Paris; Album pour Dt^ 
sinade VotiureSy Thomas, Paris; “Trait6 de Menuiserie en Voitures,** Thomas, Paris, 1877; “Ma- 
nuel Complet du Peintre en Equipages,** GastelUer, Paris, 1868; “Le Carnet du Peintre en Voi¬ 
tures,** Thomas and Gastellier, Paris; “ Album Exposition Universelle, Paris, 1867,** Thomas, Paris, 
1868; “Works of John Taylor, the Water Poet,** including “The World Runnes on Wheels, or 
Oddes betwixt Carts and Coaches,** London, 1680; “ Treatise on Carriages and Harness,** Felton, Lon¬ 
don, 1796 ; “Essay on the Construction of Roads and CarriaTOS,*' Edgeworth, London, 1813 ; “Con¬ 
struction of Wheel Carriages,** Frey, London, 1820; “English Pleasure Carriages,’* Adams, London, 
1837; “English Carriages,** Fairholt, in London Art Joumaly 1847; “Report of Juries, London 
Exhibition,** London, 1861; “Artisans' Report on Paris Exposition, 1867,*’ l^ndon, 1867 ; “Report 
on •Carriages and Wheelwrights* Work, Paris Exhibition, 1867,” Hooper, London, 1868; “Reports 
of the Juries on the Dublin International Exhibition, 1866,” Hooper, Dublin, 1866 ; “ Report on Car¬ 
riages at the London International Exhibition, 1873,” Hooper, London, 1873; “ PublicaUon of Carriage 
Drawings,” Dick, London; “ Notes and Reports on Carriages,” Hooper, London, 1876 ; “ Notes on the 
Construction of Carriages,” Richardson, York, 1876; “History of Coaches,” Thrupp, London and 
New York, 1877 ; “Book of the Horse,” Sidney, London; 77tf Coaeh-McJctre* Magaxmey edited by 
C. W. Saladee, Cincinnati, 18ri6-*68; succeeded by The New York Coach^Makem^ Magaadney edited 
by E. M. Stratton, New York, 1868-*70; succeeded by The Huhy edited by George W. W. Houghton, 
New York, 1870 et eeq. ; The Harness and Carriage Joumaly edited by William N. Fitzgerald, New 
York, 1867 d sea.; The Carriage Monthlgy edited by I. D. Ware, Philadelphia, 1868 et aeq. ; The Hub 
AlmanaCy annual, New York, 1874 et seq. ; Harness and Carriage Journal AbnanaCy annual, New York, 
1878 et seq. ; “ Book of 530 Carriage Drafts,” Hub Publishing Company, New York, 1874; “Draft- 
Book of Centennial Carriages,” Houghton, New York, 1876; “ Annual Reports of the Conventions of 
the Carriage-Builders* National Associarion,” New York, 1873 d seq. ; “ Report on Carriages, narn€s.s 
and Carriage Materials at the Centennial Exhibition, 1876,** Guiet, New York, 1877 ; “The World 
on Wheels,** Stratton, New York, 1878. G. W*. W. H. 

WARPING MACHINERY. See Cotton-bpinninq Machinkrt. 

WASHING ENGINE. See Paper-making. 

WASHING MACHINES. See Laundry Machinkrt. 
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WATCHES AND CLOCKS. 

L Witches. —^The train of wheels, together with the lever and balance, in a modem detached4ever 
escapement, such as is now made in the best watch factories in the United States and in Europe, is 
represented in Fig. 4216. It is placed between 

two plates of brass, the under one, called the pil- _ 

lar-plate, being an entire circle, while the upper ^- 

plate, which is removed in the figure, may be 
either one-quarter, one-half, three-quarters, or 
full plate. In many European watches the up- 
per plate is almost entirely replaced by what arc // 
call^ bridges—pieces which are screwed to the // nnnn 
pillar-plate and have arms which project far j ^ 

enough to receive the arbors of the wheels. The j 
barrel 6, which contains the main-spring, has the IIS ^ 

great wheel placed around it, instead of being | ^ q 

placed upon a fusee and driven by a chain wound a 
upon the barrel, as represented in Fig. 4217, and I ^ , 

which is still the construction in most English \\ 
watches. Of course the tension of the spring \\ ^AtlnrS^' 
becomes less as it uncoils; but if the coil is of ^ 
considerable length, the variation need not be 
great, and by the nice adjustment of the balance 

is completely counteracted. One end of the ^ 

spring is attached to the barrel-arbor, the exte- yy 

rior portion of which is shown at a, and squared, 
to admit of winding by a key. The other end of 
the spring is attached to the inner surface of the 

barreL The arbor carries a ratchet-wheel, which is prevented from turning back by a click. The 
centre-wheel d is driven by the action of the great wheel upon its pinion c, called the centre-pinion. 
The centre-wheel drives the third wheel f by means of ite pinion and the third wheel again drives 
the fourth wheel A, which carries the seconds-hand, in a similar manner. The fourth wheel drives 


n 





the pinion t of the scape-Whecl y, whose teeth again alternately lock and impel the pallets I /, which 
are placed on the pallet-arms of the lever. The lever turns upon the pallet-arbor and by means 
of the fork gives an impulse to the balance-wheel, as has already been described. If the fourth 
wheel, which revolves once in a minute, has 64 teeth, and the pinion of the scape-wheel has 7 leaves, 
that wheel will turn round once in 6-,^g seconds; and if it has 15 teeth, each tooth will escape every 
of a second, and consequently there will be one complete oscillation of the balance-wheel every 

^ of a second. If the pinion of the fourth wheel contains 
8 leaves, and there are 60 teeth in the third wheel, the lat¬ 
ter will make one revolution in 7i minutes. Again, if the 
pinion of the third wheel has S leaves, and the centre-wheel 
has 64 teeth, the latter will revolve one-eighth as oft^ as 
the third wheel, or once in an hour. It is not necessary that 
these proportions should be fixed, but the number of teeth 
in the train must be such that there will be a certain ratio 
between the number of teeth in the centre-wheel, which 
revolves once in an hour, and the number of leaves in the 
pinion of the fourth wheel, which revolves once in a min¬ 
ute ; and the teeth in the fourtn wheel, the leaves in the 
pinion of the scape-wheel, the teeth in the latter, and the 
vibrations of the balance-wheel, must have certain relative 
proportions to each other. The hour-hand is moved by a 
train of two wheels and two pinions, placed on the outer 
side of the pillar-plate, and beneath the dial. 

The arrangement is represented in Fig. 4218. The can- 
non-pinion is placed on the arbor of the centre-pinion, and 
fits spring-tight, so that it may be moved at pleasure in get¬ 
ting the minute-hand. Above the pinion proper there is a barrel upon which the minute-hand is 
placed. If the cannon-pinion, which is here hid from view, has 12 leaves, and the wheel into which 
it pitches has 42 teeth, the latter will revolve onoo in 4 hours. If, again, the pinion of this wheel 


4218. 

Kim 
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has 14 leaves, and the centre-wheel has 42 teeth, the latter will revolve one-third as often, or once in 
12 hours. One of the modem arrangements for winding and setting the watch (stem-winding) is also 
represented in this figure. A crown-wheel is placed upon the end of a shaft which passes through 
the stem. This wheel moves another, which is placed upon a yoke between two other wheels, one of 
which, the winding wheel, is held in gear by a spring, and the other, the setting wheel, thrown into 
gear at pleasure by the pressure of a button. When one wheel is thrown into gear, of course the 
other is thrown out, so that the winding of the watch and the setting of the hands are done inde¬ 
pendently and without interference. An inspection of the figure will afford all the explanation that 
could be riven in words. 

Thjs Waichmaker'i LatJie .—A lathe especially adapted for use in the operations of watch-making 
is represented in Fig. 4219. It is manufactured by the American W'atch-Tool Company of Waltham, 



Mass., and is remarkable for the beauty and accuracy of its construction, which will readily be under¬ 
stood by. reference to the engraving. The hollow spindle and spring-chuck, and double taper bcariiigs 

4220 . 


4m 






on the ^indies, are used. The cone pulley on the head-stock is reversed to give more strength to the 
front bearing standards, and to allow the index-pin to be put in the back standard away from chips 

and dirt. The head-stock, tail-stock, and all fixtures are secured 
to the bed by bolts and eccentrics. 

Among the attachments to this lathe are the jeweling rest, 
Fig. 4220, which is used for placing jewels in plates or settings. 
When made with calipers, it measures each jewel separately and 
turns a recess to fit. The universal head is represented in fig. 
4221, and t'ig. 4222 shows the pivot-polishing fixture. The Ut¬ 
ter is used for grinding and polishing conical pivots, snailing, 
and drilling. The circular base being gradual^ into degrees, 
it can be set to grind at any angle. Fig. 4223 represents tlie 
“ wigwag,” which is used for polishing the staffs, pivots, and 
shoulders of pinions, balance-staffs, pinion-leaves, etc. 

II. Clocks. —The term dug or clock originally meant the 
stroke of a hammer on a bell or gong, which gave out the time 
determined by the horologe or time-keeper; but at the present 
day it is the generally accepted designation of all stadonary 
time-keepers, whether silent or striking. 

The modem clock consists of a train of wheels driven by a spring or weights and an cscapemeot 
controlled by a pendulum. The latter may be circular and balanc^ on pivots, and brought to a 


Digitized by v^ooQle 















WATCHES AND CLOCKS. 


905 


state of rest by a finely coiled spring; or it may be a rod suspended by a delicate spring and a 
hoary bob at the bottom, and brought to rest by its own gravity. In either case the force applied is 
only so much as is necessary to overcome the friction of the train, and keep the pendulum up to the 
arc of vibration determined by the plan of escapement^ 

The difficulties that beset the seeker after fine time-keeping are so varied that they can hardly be 
enumerated ; but a few of the more prominent ones are the unequal power applied by coiled springs, 
the variation in friction caused by deterioration in oil, the changes in temperature, and in tower clocks 
the actions of storms. The difficulties are not so great but that they can be overcome, but the prob¬ 
lem is to do it cheaply, and do the work by machinery. 

The great aim of all escapements has been to impart an unvarying impulse to the pendulum, 
regardless of all outside influences. This led the thoughts of horologists to remontoirs or re-winding, 
that is, to introducing a spring or weight between the scape-wheel and train, or between the scape- 
wheel and pendulum. These were ** armed ’’ from 1 to 60 times a minute by the train, and each gave 
off their own inherent power to the pendulum. This idea was modified in a thousand ways, and was 
very pleasing in theory, but never was fairly successful in practice. 

Fig. 4224 represents Hookers recoil escapement. When the pendulum swings to the left, it lifts 
the i^lct a from the upper face of the tooth /, which has now passed by, while the pallet 6 has also 
moved to the left, meeting the tooth and by the momentum of the pendulum producing a recoil • 
until it returns- and allows the tooth to move on. At the same time an impulse is given to the 
pallet a, the pendulum swinging to the left until the pallet is brought within reach of the tooth c, 
which strikes it before the pendulum has attained the limit of its vibration, thus producing another 
recoil of the scape-wheel, which lasts until the pendulum begins to return and lift the pallet away. 

Graham’s dead-beat escapement is represented in Fig. 4225. When the pendulum swin^ to the 
right, the tooth a escapes from the pallet 6, while the tooth e is brought against the pallet 3/ but a 
portion of the exterior surface of this pallet, and also the interior surface of 6, arc arcs drawn trom 



the centre e ; and upon being struck by the teeth of the scape-wheel in the direction of e, no recoil 
is produced, neither is there any impulse given to the pallet until the pendulum swings far enough 
to the left to bring the tooth upon its impulse face. 

Fig. 4226 represents Lepaute’s pin-wheel escapement, often used in tower clocks. It will be ob¬ 
served that the pallets may be made to receive the pins at any part of the revolution of the wheel by 
changing their position with reference to the pendulum; and that the form of the pins and pallets 
may ^ such as either to produce a recoil of the scape-wheel or a dead beat. 

Another class, called gravity escapements, have received a large share of attention from scientists, 
but the results were very unsatisfactory until Sir Edmund Bcckctt (formerly Mr. E. B. Denison) per¬ 
fected the double three-legged gravity, which with a 1 j- or 2-8cconds pendulum has proved very suc¬ 
cessful. In this escapement the train ends with a wheel having six legs, three of which are far 
enough behind the others to place a three-leaved pinion between. The pendulum swings directly in 
front of the scape-wheel, and is suspended just the diameter of the wheel above it. On each side of 
the pendulum, at its point of suspension, hangs a gravity-arm, which extends the same distance 
below the scape-wheel pivot that it is suspended above it, and ends with a pin that rests against the 
pendulum to give the impulse. These arms arc bowed out at the centres so far that pallets placed 
on the front of one and on the back of the other shall arrest the legs of the scape-wheel in their 
flight. These pallets are placed at an angle of 90® from the suspension of the arm and the scape- 
wheel pivot. In action, when the pendulum moves to the right it meets with no resistance until near 
the end of its vibration, when it comes in contact with the right gravity-arm, which it raises far 
enough to release the leg that rests on its pallet. Tlie scape-wheel instantly takes a run of 60®, and 
at the same time the three-leaved pinion carries back the left gravity-piece to its “ armed ” position, 
and locks it there by the leg of the wheel catching on its pallet. The right arm, being free, follows 
the pendulum down to about zero, giving an impulse according to its weight, by which time the pen¬ 
dulum meets the left arm, releasing the scape-wheel, when it is instantly carried back and locked, 
leaving the left arm free to follow down the pendulum and give its impulse. A friction-fly is placed 
on the scape-wheel staff, to prevent too rapid runs. In this escapement the impulse remains con¬ 
stant, no matter what may be the eccentricities of the train, the weight added, or outside influences; 
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and it would no doubt supersede all others but for the fact that, the scape-wheel turning with aix 
vibrations of the pendulum, it requires a train of ten times higher speed than the Gral^ or pin 

escapement, which mi&es the train very sensitive to the 
slightest obstructions, besides requiring an enormous 
weight to arm it in time to meet the vibrations of a sec¬ 
onds pendulum. 

Thi Clock Train. —It will now be pr(^>er to describe 
the train of wheels and principal parts of a clock. The 
train comprises those wheels through which the motive 
power, the weight or spring, exerts its force upon the 
pallets connect^ with the p^ulum. These wheels are 
made to act upon each other by means of pinions, which 
are a kind of small cog-wheels. The cogs on the wheels 
proper are called teeth, while those of the pinions are 
called leaves. The axis upon which a wheel or pinion 
turns is called the arbor. The train of wheels in a good 
modem eight-day clock generally consists of four. In 
fig. 4227, a is the first or great wheel, upon whose arbor 
is the barrel over which the cord passes to which is sus¬ 
pended the weight. The second or centre wheel, 6, whose 
pinion e is driven by the great wheel, always turns round 
once in an hour, and is therefore m^e to turn the min¬ 
ute-hand. It drives the pinion e of the third wheel d, 
which again drives the pinion of the scape-wheel /. This 
last is the fastest-going wheel in the train, and is the one 
that acts upon the pallets connected with the pendulum. 
The usual number of teeth in the scape-wheel is SO, and 
if the pendulum is 89.1 inches in Icxigth, it will revolve 
once in a minute, because one tooth will escape at every 
double vibration (sometimes called a complete vibration^ 
or every two seconds. If the pinion has 7 leaves, and the tltird wheel, which drives it. has 66 teeth, 
the latter will revolve once in 8 minutes; and if its pinion has 8 leaves, cadi leaf will pass a certain 
point every minute, and therefore, if the centre-wheel has 60 teeth, it will revolve once in an hour. 
If the pinion of the centre-wheel has 8 leaves, and there are 96 teeth in the great wheel, the latter 
will turn round oncedn 12 hours. This arrangement existed in docks before ue use of the minute- 
hand, but wheels separate from the train have since been used to move the bands at the proper rate. 
In the engraving a back view of the wheels is given, not placed in relation to each other just as they 
are when in actual use, but every wheel, following in order from bdow upward, placed behind its 
predecessor, for the purpose of showing the pinions. The wheels may be ananged in this way, but 
they are generally placed alternately in front of and behind each other, for economy of space. Tbe 
second wheel, as has been stated, moves the minute-hand. The pinion by which the great wheel drives 
it is called the centre-pinion. This is on the back side of the wheel, but it carries another pinion in 
front, called the cannon-pinion, which is placed on the arbor so that it may be turned by using a cer¬ 
tain amount of force, an operation which is required in setting. It is upon a tubular ^rrd of thia 
cannon-pinion that the minute-hand is placed. The cannon-pinion has a certain number of leaves, 
which play into a wheel^ having, we will say, four times as many teeth, which latter has a pinion with 
a certain number of leaves which again play into another wheel having three times as many teeth. 
This wheel, called the hour-wheel, will then turn round once in 12 hours, and upon its barrel, which 
is placed over the cannon-pinion, the hour-hand is fixed. The time during w hich a clock can be made 
to run from one winding to another, measured by the number of times the scape-wheel can be made 
to revolve, depends upon the number of teeth in the train of wheels, the distance throng whlc^ the 
weight falls, and the length of the pendulum. The number of teeth may be regulated by the number 
of wheels in the train, or by the number of teeth in each wheel and pinion. If the weight falls 
through a small space, the number of teeth must be increased, and this is usually done by increasing 
the number of wheels, which again requires the gravity of the weight to be increased. The number 
of teeth in the train remaining the same, the duration of running may be increased by increasing 
the distance through which the weight falls. 

Towtkr Clocks. —^To Sir Edmund Beckett (Denison) must be awarded a very large share of the 
credit for the perfection and accuracy attained in present tower clocks; for until tbe advent of the 
Westminster clock, described hereafter, no tower-clock maker would guarantee a dock to vary lese 
than a minute a month. Guarantees are now freely made that the variation will be less than 15 sc<n 
onds in the same period. Fig. 4228 represents a tower clock which combines all of the modem im¬ 
provements, made by the Seth Thomas Clock Company. The principal parts are referred to by num¬ 
bers as follows: The frame is 78 in. long, 47 in. wide, and 78 in. high. 2 is the main time-wheel, 
18^ in. in diameter, with 108 teeth. The first time-pinion (3^ in. diameter, 18 leaves) gears with 4, 
the second time-wheel (13 in. diameter, 128 teeth). This, by the second time-pinion (2 in. diameter, 
16 leaves), engages with 6, the third time-wheel (8f in. diameter, 120 teeth). The third time-pinion 
(1^ in. diameter, 16 leaves) engages with 8, the fourth time-wheel (5 in. diameter, 100 teeth). There 
is a fourth time-pinion, 1 in. in diameter, with 20 leaves. 10 is the scape-wheel, with six legs, each 
6 in. long. At 11 are the scape-wheel fans, 2 x 10 in. each; at 12, the gravity-arms, 24 in. long. 
18 is the time-barrel, 8 in. diameter, 12 in. long; 14, time winding-wheel, 16 in, diameter, 90 teeth. 
The winding pinion is 5 in. diameter, with 27 teeth. 16 is the snail for counting strokes of hammer; 
17, snail going in time of winding-wheel; 18, pendulum (whole length, 14 ft. 6 in.; from point of 
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suspension to centre of oscillation^ 13 ft. 8 in.; weight of ball, 600 lbs.; whole weight of pendulum, 
650 lbs.; compensation, zinc and steel); 19, stirrup for sustaining pendulum in case of accident 
to suspension-spring; 

20 , take-off gear; 21, 
rod running to dials ; 

22 , dial on move¬ 
ment ; 23, secunds- 
dial on movement; 24, 
time winding-arbor ; 

25, strike main-wheel, 

34 in. diameter, 130 
teeth; 26, first strike- 
pinion, 3^ in. diame¬ 
ter, 12 leaves ; 27, 
second strike-wheel, 

18 in. diameter, 140 
teeth; 28, second 

strike-pinion, 2 in. 
diameter, 14 leaves ; 

29, strike-regulating 
fans, 12 X 14 in., arms 
18 in. each; 30, lock¬ 
ing arm ; 31, lock- 
work ; 32, hammer- 
tail ; 33, rod to con¬ 
nect hammer; 34, 

steel cams, 22 in num¬ 
ber, bolted on to main 
wheel for lifting ham¬ 
mer ;. 35, strike-bar¬ 
rel, 14^ in. diameter, 

2 ft. long; 36, strike 
winding-wheel, 24 in. 
diameter, 117 teeth 
(the winding - pinion 
is 3^ in. diameter, 
with 15 teeth); 38, 
winding-arbor. At 40 
are adjustable cams 
for turning on and off 
the gas. 41 is a dial 
for setting cams, and 

42 a lever for operating the gas-cock. The wheels (except those for winding) are all of bronze; 
pinions all steel, engine-cut, tempered and polished. The pivots are of steel, tempered and of the 
highest polish. The pivot-bushings are of bronze. The pallets are jeweled with selected blood¬ 
stone. Wire rope of the best charcoal iron is used. A clock of this description can be safely guar¬ 
anteed to run within 15 seconds a month, and several are now running whose total variation does 
not average four seconds per month.* 

The great Westminster clock in London, designed by Sir Edmund Beckett (Denison), and built 
by the late Mr, E. J. Dent, the celebrated chromometer-maker to the Admiralty of Great Britain, is 
probably the finest example of tower-clock construction in the world. The horizontal frame which 
supports the three trains is 15 ft. 6 in. long and 4 ft. 7 in. wide. The time-train is wound up once, 
while the hour and the quarter trains are wound twice, weekly. The great striking wheel has ten 
circular cams 2^ in. wide, with hardened steel faces. The cast-iron head of the large hammer weighs 
780 lbs., and is lifted 9 in. vertically or 13 in. from the bell. Each striking-weight weighs nearly 1^ 
ton. Wire ropes half an inch in diameter sustain the weights and connect the clock with the ham¬ 
mers. The escapement has already been described in another portion of this article. The whole 
pendulum weighs 680 lbs.; its lenj^h is 14 ft. 5 in. The zinc compensation-tube is 10 ft. 5 in. long, 
and is made of three tubes, one within the other, and drawn together until the thickness is half an 
inch. The centre of gravity of the bob is about 8 in. below the centre of oscillation. Owing to the 
weight of the compensation-tube, the pendulum-spring is 3 in. wide, 5 in. long between the chops, and 

in- thick. To alter the clock less than 4 seconds, a collar is fixed on the pendulum 4 ft. 10 in. from 
the top to carry the regulating weights. A weight of H oz. placed there will accelerate the pendulum 
1 second per day. There is also a large weight of 6 lbs. fitting around the pendulum except at one 
side, so that it can be lifted off. If the clock is too fast, tliis weight is removed while the clock is 
being wound up until it has lost the time desired. There is no temperature error, and no barometri¬ 
cal error can be discovered. The reports of the Astronomer Royal show that the variation of this 
clock is less than 1 second per week, and that it has been only 3 seconds wrong on 2 per cent, of the 
days of observation. 

Thk Watch-Clock, or tirae-dctcctor, is a special form of clock so arranged as to guard against any 


* The foreffoiofT description of tower clocks bos been contribnted by Mr. D. W. Bradley, of the Seth lliomaa Ckxk 
Gompuiiy, New York. 



Digitized by v^ooQle 



908 


WATCHES AND CLOCKS. 


4m 



negligence of watchmen in visiting parts of a building through which their beat extends. Essentially 
the device consists of a paper disk marked with the hours and suitably divided, and caused to rotate 
by a clock'train. This clock is carried by the watchman. At each station is a small key securely 

fastened, so that he must actually go there in order to 
use the key. The insertion of the latter into the clock 
causes a mark to be produced on the paper dial whidi 
indicates the time at which the visit was made, bow 
long a period was occupied in going from one station 
to another, whether the man visited the stations in reg¬ 
ular order or not, etc. 

In Buerk’s detector a number of sliding bars are con¬ 
nected with pricking points, so that by turning the key 
the ward on it strikes a certain bar and perforates the 
dial paper. The key belonging to one station cannot be 
used for another. 

Imhauser*8 detector is represented in Fig. 4229. Four 
of the keys used are shown above the device. The in¬ 
sertion and turning of the key, instead of causing a hole 
to be pricked in the dial, punches a figure thereon. 

Pneumatic Clocks. —Clocks operated by compressed air have been in use in Vienna fur some years 
past. Their construction is quite simple, and their operation accurate. They are based on the prin¬ 
ciple that if a column of air, inclosed in a tube at a given tension, be subjected to pressure, it imme¬ 
diately transmits that pressure to all its parts, even the most remote. But the compressed air, after 
having exerted its force, must be expell^ from the tube and replaced by a fi'esh column; because^ 
if the tube were not alternately opened and closed, this column would act precisely like an elastic 
spring; consequently the mechanical effect on the pistons would be insignificant, and the hands of 
the clock would remain at a standstill, powerless to move. The pneumatic clocks are at once simple 
and perfect; they are not likely to get out of order, and even the escape of air from the distributhig 
pipes cannot alter their movement. The mechanism may be described as follows: Air is injected 
into a mechanical cylindrical reservoir, if, Fig. 4230, by means of a hydraulic motor; from thence 
this air is led into another large cylinder or distributer, D ; it is only used, however, as fast and in 
such quantities as needed by the regulator. At every minute the air from the regulator enters the 
lead or iron distributing pipes, and acts on a leather piston inclosed in a small cylinder attached to a 
lever; and the latter determines the movement of an escapement that moves the hands of the re¬ 
ceiving dial H, This lever receives the pressure communicated by the central motor /?, and at every 
movement causes an escapement-wheel to advance one notch, marking one minute of time. At every 
unlocking of the escapement-wheel, the air from the distributer ceases communication with the dis¬ 
tributing pipes, and escapes into the atmosphere. The regulator of the central motor i? is an end¬ 
less-chain clock as perfect as possible, furnished with a compensating pendulum. This receives 
astronomical time from the public observatory, and transmits it to the dials, distributed in different 
quarters of the city, as well as to those of private dwellings. In order to prevent any accident, and 
as a simple measure of precaution, each central station is provided with twin motors, each complete 
in all its parts, and only one of which is in operation at a time. These two motors are connected 
automatically, in such a way that if, through an accident, the working machine suddenly stops, the 
other one at once begins operation, thus preventing the least retardation in the movement of the 
clocks. These clocks are so constructed that they must work perfectly or not at all; there is no 
alternative. The invention is due to Mayrhopc, an Austrian engineer; but the merit of perfecting 
it belongs to M. Victor Popp. 

Electric Clocks. —^About the year 1840 Prof. Wheatstone exhibited to the Koval Society of Lon¬ 
don a clock-dial, the hands of which were moved by a wheel acted upon by a small electro-magnet at 
intervals, the current being formed and broken by means of the oscillations of the pendulum of a 
common clock. Through this device the same time may be indicated in several distant places simul¬ 
taneously. In 1848 successful experiments were made upon this principle by the United States Coast 
Survey between Cincinnati and Pittsburgh, a distance of 400 miles. A clock placed in the elcctiic 
circuit recorded its beats at all the ofiBces along the line by means of Morsels apparatus. The first 
clock, however, which had any of its own parts moved by electricity, was constructed by Alexander 
Bain of Edinburgh. In this electricity was used as a motive power in place of the usual weight 
or spring, and the pendulum was not only employed as a regulator, but as a motor. The bob of the 
pendulum was formed of a coil of wire which became a magnet at intervals of the oscillations, and, 
passing over the poles of permanent magnets placed near the ends of the arc of oscillation, was alter¬ 
nately attracted by each. In some of the clocks the two magnets were temporary, and the reversal 
of their poles by one of the devices used in electrical apparatus caused an alternate attraction and 
repulsion of the pendulum. Mr. Shepherd exhibited at the International Exhibition in London of 
1851 a clock in which there was an electrical gravity escapement, the pallets being raised by tempo¬ 
rary magnets. A description of it may be found in Wood’s “Curiosities of Clocks and IVatches,” 
and also in Sir E. B. Denison’s treatise. 

The New York Time Service, under the direction of Mr. J. Hamblet, has introduced a system by 
which clocks may be kept constantly under the electrical control of a central regulator or standard 
clock, which is kept in exact time with the clock of the National Observatory in Washington. The 
central regulator is stationed in the Western Union Telegraph Company’s Building in New York, and 
is so constructed as to keep time with the highest attainable accuracy. In addition, it is every day 
compared with the clock of the National Observatory, and checked by the daily time observations 
made at the observatories at Allegheny, Po., and Cambridge, Mass., with which it is in telegraphic 
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connection. By this it must not be inferred that the clock in question is kept in exact accord with 
either or all of the observatory clocks, that being a mechanical impossibility. The range of varia¬ 
tion, however, is kept within a few hundredths of a second. Fig. 4231 will make clear hoiv it is done. 
It shows a section of the paper tape of the chronograph, which is used in comparing the standard 
clock with the clock of the Washington Observatory. 

The chronograph is electrically connected with both 
clocks, and recoixls the pendulum-beats of each on the 
strip of paper. If the beats are exactly synchronous, 
the dots stand side by side. If the beats ai‘e not syn¬ 
chronous, the dots will be separated by an interval, long 
or short according to the difference of the clocks—^that 
is, the difference in time between the beginnings of cor¬ 
responding beats—and the speed of the chronograph. 


Supposing the clock to be beating seconds, and the chro¬ 
nograph to discharge an inch of tape each second, it is 
obvious that the dots recording the beats of each clock 
will stand one inch apart. It is obvious, too, that the 
lineal space between the recording dots of two clocks 
not beating exactly together can easily be measured, as 
shown by the scale placed below the dots in the cut 
(Fig. 4231), and thereby the difference in time exactly 
determined. 

The next step in the time service is to distribute the accurate time tiius maintained to such as want 
it, which is done through an electrical attachment to the standard clodc. This controlling clock was 
constructed by E. Howard & Co. of Boston, from designs by Mr. Hamblet, and has a Denison gravity 
escapement. The front clock-plate and the electrical mechanism are shown in Fig. 4232. The whed 
in the centre with the seconds-hand revolves once a minute. One of its 80 teeth has been filed away, 
the vacant space causing the omission of the tick which would otherwise mark the 68th second of the 
mi ante. The remaining teeth act upon a delicate jeweled spring, which breaks an electric dreuit at 
the passage of each tooth. The two wires connecting with this spring and its banking operate the 
relay, at the left of the figure, and through it the sounder, whidi indicates the beginning of each 
minute by a pause of two seconds. The i^ginning of each 6 minutes is identified by a pause of 20 
seconds, obtained through the agency of the 6-minute wheel to the left of the seconds-wheeL At 
each revolution of the 6-minute wheel the lever at the top drops into the notch in the wheel, making 
electric connection between the two wires governing the relay, thus preventing the minnte-wheel from 
breaking the circuit for the space of 20 seconds. At the right near the top of the figure is shown a 
sounder, which may be located at any point on the line. It is by means of these sounders, with 
which the recipients of the service are supplied, that their timepieces are regulated. (See Scientific 
American^ xxxix., 335.) 

WATER-GAUGE. See Boilers, Steam. 

WATER-METERS. Apparatus for the measurement of water. In general terms they may be 
divided into two classes: 1, the positive ; 2, the inferential. To the first class belong all forms of 
piston-meters, whether reciprocating or rotary; to the second, propeller-wheels, rotating vanes, or 
similar devices propelled by the current, and indicating the flowage by the rate of revolution. The 
distinctive difference between the two is, that the positive meter measures water by means of a cham¬ 
ber alternately filled and emptied, so that the flow of water ceases when by any derangement the 
motion of the piston is interrupted; while neither the motion nor the stoppage of the inferential meter 
bas any effect upon the water delivery, so that at times a large amount of water may pass unrecorded. 
Another important mechanical difference is, that the motion of a piston-meter is slovr, while that of 
the inferential wheel is rapid; and this has much to do with their relative durability. 

A very excellent r6sum6 of the whole subject of water-meters, by Mr. Phinehas Ball, will be found 
in Engineering News^ vi., 334 seq.^ from which is taken the following discussion; “ Three problems 
have taxed the inventors of a rotary meter to the utmost; Ist, to reduce the friction of the moving 
vanes or wheel to the lowest possible point; 2d, to so direct the current upon the wheel that it would 
move with the least possible quantity of passing water; and 3d, to so construct the register that it 
should retard the motion of the wheel as little as possible. The moving wheel of a rotary meter can 
yield only a small amount of power, and hence little can be expended in driving the register without 
decreasing its reliability. But, however delicate and carefully adjusted a register may be, it never 
can be m^e to move without the application of an adequate amount of power. This is a fixed fact; 
and next, friction is ever present, and to move the meter at all the force of the flowing current of 
water must be greater than these two opposing forces. Below this point water must pass the meter 
without being registered, there being no contrivance of valves or other mechanism to prevent it; the 
case being the same as with a turbine water-wheel, where the gate must be opened beyond a certain 
point before the wheel will begin to revolve.” 

Double Reciprocatino-Piston Meters. —^Water-meters constructed on this principle are positive in 
their measurement. Regarding these meters Mr. Ball says: ” As in the steam-engine, having cylinders 
of a given capacity with pistons arranged for a definite length of stroke, the adndssion of the water to 
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the cjlindcr and its discharge therefrom being regulated by properly-adjusted valves, controlled and 
actuated by suitable devices, the action of the meter becomes, in fact, the same in result as the 
measuring out of a specific quantity of any liquid in a gallon or other definite-sized measure, and 
recording the number of times the measure used has been filled and emptied. This result is accom¬ 
plished in the use of a water-meter by the automatic movement of the pistons in the cylinder produced 



by the pressure of the flowing water, by converting the fixed quantity passing the cylinders at each 
stroke of the pistons into cubic feet or gallons, and recording the same by suitable mechanism. The 
meter is moved by the force of the water due to the head under which the water is drawn, and hence 
this form of meter acts with power, the same as is the 
case with the common piston steam-engine.’* 

The Worthingten Meter, —Mr. H. R. Worthington of 
New York was one of the first to oonstmot meters of this 
class, and to demonstrate their superior eflSciency. His 
meter, which is very largely used in nearly all the princi¬ 
pal cities of the United States, is represented in Figs. 

4288, 4284, and 4285. Fig. 4238 shows the apparatus 
with the casing broken away to exhibit the interior con¬ 
struction; Fig. 4284 shows the arrangement of valves, 
ports, and water-passages; and Fig. 4285 is the bottom 
plate. The working parts of this machine consist of two hollow brass plungers made very thin, 
light, and air-tight, to secure their flotation. They work through brass p^ing-rings, and act 
reciprocally each upon the valve of the other, in such a way as to produce a motion that is positive 



4m 



under all conditions, combined with an absolute steadiness of delivery, whether the stream be laige 
or smalL The working parts are few, and, excepting those that pertain to the connecting gear, there 
are no rotary or oblique motions. The details its construction have been gradually r^ormed by 
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the teachings of long practice, until now the machine seems to be in a condition to meet erery reason¬ 
able requirement. A recent trial made of one, after eleven years’ constant seiwice in the Croton 
Department of New York, gave a result within per cent, of absolute correctness. 

TAe BaU and FitU Beviprocatitiff-J^sion Meter, manufactured by the Union Water-Meter Company 
of Worcester, Mass., is represented in Fig. 4236. The chief peculiarity of this meter is in its having 
but one valve to do all the work of admitting, discharging, and regulating the flow of the water to 
and from the four cylinders. The valve is a rotary conical valve, having ports so arranged that when 
they are opened by the revolution of the valve on its axis, the admission and exit of the water to and 
fiom the cylinders is made gradual, and the usual reaction by the cut-off of the ofdinaiy valve avoided. 
The travel of the pistons being controlled by the stops, while the length of the stroke is fixed by the 
length of the crank, the measurement of the meter is made very accurate under all variations of bead 
and size of stream. This is evident, because the valve cannot revolve at a less distance in the travel 
of the pistons than is suflScient to pass the cranks over their centres, and they cannot go beyond the 
proper length of the cranks, being arrested by the stops. This feature is claimed to insure accurate 
measurement under varying heads of pressure and size of stream. 

Single-Piston Meters. —Meters of this class use but one cylinder, one piston, and one valve. The 
valve is closed by the action or motive power of the piston, but is thrown over usually by a bob-weight, 
or the action of a spring or other equivalent device. This form, in appearance, is much more simple 
than the double piston, but is in reality more complicated by reason of the extra devices needed to 
actuate the valve. A' spring has at best only temporary value, while the fall-weight, though more 
lastingly reliable, is usually more cumbersome to the machine in use. To obviate the difliculties that 
attend the use of a fall-weight or a spring, many devices have been proposed, in which a sort of sec¬ 
ondary small piston-valve is used to actuate the main valve, after it has been closed by the piston. 
This, though different in form, in effect converts the single reciprocating piston into the double ins- 
ton. One peculiar action of the ordinary single-piston meter is, that it cuts off the current of flowing 
water fully and completely at every change of stroke. This is inevitable from the necessity under 
which the current is reversed by the valve, and consequently the stream is intermittent, and has a 
decided reaction on the supply-pipe. 

Diaphragm Meters. —In these meters the cylinder and piston are replaced by a flexible movable 
diaphragm. The measuring is done by filling and discharging water from the cavity formed by the 
movement of the diaphragm. In this class there is all the accompaniment of valves and the devices 

for moving the valves 
as in the piston meters. 
They are made with 
double and single dia¬ 
phragms after the style 
of the respective pis¬ 
ton meters, the valves 
in each class being ac¬ 
tuated in a similarman- 
ner as its respective 
class of piston meter. 

A good example of 
a diaphragm meter of 
improved construction 
is given in Fig. 4237, 
which represents the 
meter invented by Mr. 
William B. Mounteney 
of Chicago, Bl. Fig. 
4237 is a side eleva¬ 
tion, partly in section, 
and Figs. 4238, 4239, 
and 4240 represent de¬ 
tails not clearly showp 

in the first. The upper part of the meter-chamber receives the water from the supply-pipe, and con 
tains the levers that actuate the registering mechanism and the rotary valve C. The lower portion 
of the meter is divided into four compartments by a central rigid partition and the two flexible dia¬ 
phragms A, The latter are placed between concave metallic diaphragms a, which are slotted to insure 
the easy detachment of the rubber diaphragm, and to agitate the water so as to prevent the accumu¬ 
lation of sediment. The rubber diaphragms are connected with the arms of the rock-shafts and 
the latter extend into the upper or receiving chamber through a simple and effective stufltog-box, and 
are provided with arms which connect by links with a crank on the shaft of the valve C. The regis¬ 
tering mechanism at the top of the casing receives its motion from the crank on the valve-shaft, and 
accurately records the oscillations of the diaphragms, and consequently indicates the amount of water 
consumed. The entrance and eduction of water to all of the compartments are controlled by the rotary 
valve C, which is operated by the diaphragms through the medium of the shafts and levers already 
described. The water under pressure is alternately conducted to and allowed to flow from opposite 
sides of the pair of diaphragms, so that both diaphragms are made to traverse alternately backward 
and forward as the chambers are alternately filled with a measured quantity of water, which will be 
accurately indicated by the index and dial of the registering apparatus. ^ 

Rotary-Piston Meters. —This class is of recent design and introduction. Unlike all other rotary 
meters, the revolving pistons are used in duplicate, and interlock each other, so as to form a contiir 
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uous rerolving diaphragm or abutment between the inlet and outlet ports, in the same manner as the 
piston in a steam- or water-cylinder forms a complete dam or dividing abutment between the ports 
of the inlet- and exhaust-yalve. The moving parts acting both as valves and pistons, no separate 
valves or pistons are required. 

The rotary-piston meter is the invention of Benaiah Fitts, and manufactured by the Union Water- 
Meter Company of Worcester, Mass. Fig. 4241 represents the exterior of the apparatus, and Fig. 
4242 shows the working parts removed. The pistons are made in concentric circles and interlock 

with each other in revolving, in such manner that a free 
passage for the water through the meter is always as effectu¬ 
ally closed as is the passage through the reciprocating-piston 


4242. 


meter. The pistons turn on fixed centres, and are guided and controlled in their revolutions by 
elliptical gears attached to the part of the piston that revolves on the fixed shaft. The water, 
through the continuous movement of the pistons, passes through the meter in an unbroken stream. 
It is claimed that all reaction in the form of water-hammer or other disturbance in the service-pipes 
is prevented, and that the delivery is unaffected by the working of the meter. The apparatus is 
noiseless in its movement, delivering the same quantity of water as with the pipe to which it is 
attached, when the opening in the meter equals that of the service-pipe. The revolving pistons 
being made so as not to touch any portion of the case in which they are fitted, and the joint being 
left free, it is claimed that there is consequently no wear upon any portion of the moving parts, 
except on the step upon which the pistons are hung. The wear of the step is provided for by the 
use of a metal peculiarly adapted to withstand revolving abrasion. The durability of the meter in 
actual service, and the accuracy with which it retains its quality of measurement, are shown by the 
results of the accompanying recorded tests furnished by the manufacturers: 


RetvlU of TenU of Five-eiglUhi Rotary-Piston Meter No, 6019, after passing 638,802 Cubic Feet of 
Water = 4,030,238 Gallons, Tests made by I, P, K, Otis^ February 4, 1879. 

Pressare of Water on Meter, 66 lbs. per Square Inch. 


TIME. 

Cubic F«e« 
on Regiiter. 

Actoal Cnbie 
FMt Ran Into 
Tank. 

SlMOl 

Sln«n. 

TIME. 

Cubic r*at 
OB RogUter. 

Actml Coble 
FmI Roa into 
Tank. 

Slaeof 

Str«am. 

4 m. 40 a.. 

10 

10.20 

Full 

1 1 b. 18 m. 20 6... 

10 

10.40 

.08 

9 m. 40 •. 

10 

10. UO 

.20 1 

2 h. 

10 

10.80 

.06 

41 ID. 

10 

10.80 

.10 






IXFEBENTIAL Meters (measuring a fractional part of the stream passing a given pipe or a given 
orifice), —^These meters have been planned on the principle of the uniform flow of water through pipes 
and orifices under known conditions of pressure; the arrangement being to divert a certain propor¬ 
tion of the water passing in the main pipe, and, by measuring acctirately the small stream diverted, 
infer the larger quantity. The small quantities named in the patented devices have been one-six- 
tcenth, one-hundredth, and one-thousandth part of the whole. Meters of this class display much 
ingenuity in design and construction, but, according to Mr. Ball, no device has come to any extent 
into practical use. 

Miscellaneous Meters. —A few inventions have been arranged under this head, their form and 
parts being such that they do not belong to any one of the foregoing classes. In this division are to 
be found a few very singular devices. One is a flexible tube through which the water passes to the 
outlet, over which pass a scries of rolls, which as they pass press down the tube, the roll forming a 
kind of exterior piston and moving-valve combined. TTiis will produce very accurate results; but 
no substance can be found that will sustain the wear of the passing rolls for any great length of 
time. 

118 
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WATER-WHEELS. The work of water-wheels is done by the force of gravity acting on water. 
The total work in a fall of water is expressed by the product of the weight of water and the height 
of the fall; and in order that the whole of this work shall be realized by the wheel, the water most 
enter the machine without shock and leave it without velocity. There is, however, unavoidably a 

V* 

residual velocity, and the loss of work due to this is expressed by the equation, w — = to A', in which 

VO represents the weight of water, v the residual velocity, g gravity (see Dynamics), and h* the head 
due to the residual velocity, The part of the head expended in effective work and upon internal 

resistances is therefore h—K = A—to —, in which A represents the height of the fall.* There arc 

two classes of water-wheels: first, those which turn on a horizontal axis; second, those which turn 
on a vertical axis. To the first class belong undershot, overshot, and breast wheels; to the second 
class, the tub-wheel, the Barker and the Whitelaw water-mills, and the turbines. The last constitute 
at the present time the most efficient variety of water-wheel, and are probably the most numerous. 
They are therefore separately discussed under Water-wheels, Turbine. 

Wheels Turning on a Horizontal Axis. —Owing to the irregularities in the volume and velodty 
of streams at different seasons, and the loss of momentum by friction against their beds, it becomes 
necessary, in order to drive water-wheels, to store up water and to develop the power in a fixed posi¬ 
tion. This is obtained by constructing a weir or dam across the stream, and allowing the collected 
water to strike the wheel-buckets either from above, at the middle, or beneath. (See “ The Construc¬ 
tion of Mill-Dams,” Leffel, Springfield, 0., 1874.) The first variety is called the overshot, the second 
the breast, and the third the undershot wheel. 

The Overshot Wheel. —The general construction of this class of wheels is shown in Fig. 4243. The 
water is received into cavities formed by stout planks extending between the sides of the wheel and 

placed at an angle or curved toward the 
stream. These are buckets proper, and the 
wheels are sometimes called bucket-wheels. 
According to Clark, the chief causes of loss 
of head are, first, the relative velocity of the 
water when it enters the wheel, and second, 
the velocity w'hich it possesses at the mo¬ 
ment it falls to the level of the tail-race. 
Such wheels answer well for heads of from 
13 to 20 ft For heads of less than 10 ft, 
breast-wheels are pixjferred. The velocity 
of the buckets should not be less than 8 ft 
per second; it may be 6^ ft per second for 
small wheels, and 10 ft. for larger wheels, 
without sensibly affecting the efficiency. The 
efficiency at a low speed may rise to 80 per 
cent.; but ordinarily, with velocities of from 
3 to 6^ ft, the efficiency varies from 70 to 
76 per cent. The capacity of the buckets 
should be three times the volume of the 
charge of water; they may be 10 or 11 in. 
deep, and be placed 12 or 14 in. apart 
With a velocity of 4 ft. per second, 1 cubic 
ft. of water for 1 ft of breadth of wheel 
may be consumed per second. 

Breasi-Wheds. —When the height of the 
fall is considerably less than the diameter of 
the wheel, the term bre<i$t is used to express 
the relation. Such a wheel is represent^ in 
Fig. 4244, and, to denote that the water is 
received above the line passing horizontally 
through the axis, it is temn^ high-bread. 
B possible available upon the wheel, an arc 
is usually constructed of the same radius as that of the wheel, to confine the water, and prevent 
it from being spilt from the buckets before it has arrived at the lowest point of the run. In the 
example referred to, this arc is built of hewn stone; but sometimes it is constructed of timber, and 
not unfrequently of cast-iron plates'. 

In practice the efficiency of breast-wheels reaches 70 per cent, when the height of the fall ap¬ 
proaches 8 ft., and 60 per cent for a fall of 4 ft For a well-constructed w'heel, slow-moving, M. 
Morin found an exceptional efficiency of 93 percent. Sir William Fairbaim states that the efficiency 
of high-breast wheels is 76 per cent, when moving at the rate of 6 ft per second at the periphery. 
The usual velocity adopted by him for high and low falls was from 4 to 6 ft. per second ; for a mini¬ 
mum velocity, 3 ft. 6 in. per second for falls of from 40 to 46 ft; and for a maximum velocity, 7 ft 
per second for falls of 6 or 6 ft The water should be delivered to the wheel at a low velocity; or 
if the velocity is considerable, the delivery should bo at a tangent to the edge of the fioat. The most 



♦ From Clark's “ Boles, Tables, and Data," Ac. 
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suitable Telocity of floats is 4^ ft per second; the velocity should not exceed the limits of from 3 to 
6| ft per second. The depth of water over the sliding gate should be from 8 to 10 in. measured 



more. The depth of the buckets should be slightly over 2.3 ft. Normally the interior capacity be¬ 
tween two buckets should be nearly double the volume of water contained there. 
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Undershot These wheels move chiefly by the direct impulse of the fluid. In construction, 

they differ little from the bucket-wheel, except that the buckets are usually replaced by radial floats. 
Water is admitted to the wheel by a sluice, which should be placed as close to the wheel as possible. 
The retaining cheeks of the aperture inside of the sluice should be slightly contracted, answering to 
the natural contraction of the stream after passing through the orifice, in consequence of the resis¬ 
tance which it there encounters. The sides of the course on arc in which the wheel moves roust 
necessarily be parallel; but, immediately on passing the vertical plane passing through the axis of 
the wheel, the floor ought to deepen and the sides expand and leave the water as much space to dif¬ 
fuse itself over as possible. This arrangement is shown in Fig. 4245, as far as it is applicable with 
a sluice-framing entirely constructed of wood; but, when the construction is of iron, the confinement 
of the wat^r may be made much more complete. 

Ordinarily undershot wheels are made from 10 to 25 ft. in diameter. The floats are from 14 to 
16 in. apart at the circumference, and from 24 to 28 in. deep. The maximum effect is obtainable 
when the final velocity of the water equals one-half that of the initial velocity; it is then 60 per 
cent.; 40 per cent, may be taken as the maximum in practice. 

In Poncelet’s undershot wheel the floats are curved—usually in circular arcs—and so placed that 
the hollow of the curve is presented to the entering water, the edge of the float being set at an angle 
of 30® to the circumference of the wheel. There are 36 floats in wheels of from 10 to IS ft. diam¬ 
eter, and 48 floats in wheels of diameters of from 20 to 23 ft. If the water could enter the wheel 
without shock, tangentially to the floats, the velocity of the floats being half the velocity of the 
water, the water would ascend the float, and would then descend by the force of gravity and drop 
into the tail-race with a final velocity equal to zero. The efficiency under these circumstances would 
be 100 per cent. But the conditions of practice do not admit of a tangential entrance, and the effi¬ 
ciency is not more than 65 per cent, for falls of 4 ft. and less, 60 per cent, for falls of from 4 ft 3 
in. to 5 ft., and from 65 to 60 per cent, for falls of from 6 to 6} ft. These efficiencies are materially 
greater than that of the undershot wheels with radial floats; and the experience of the Poncelet 
float conspicuously demonstrates the essential importance of providing giadnated entrances and avoid¬ 
ing shocks, concussions, or eddies in the water. The most favorable ratio of the velocity of the floats 
to that of the water is 56 per cent. The distance between the inner and outer circumferences that 
limit the floats should be at least one-fourth of the head; Poncelet advises one-third. 

Cui'Ycnt- WkeeU ,—^These are a variety of undershot wheel. They are usually supported in frames 
or rafts, which may float on the stream, and are prevented from being carried away by suitable 
moorings. In other forms the frame simply swings over the current The most suitable ratio of 
the velocity of the floats of these wheels to that of the current is 40 per cent The depth of the 
floats should be from one-quarter to one-fifth the radius, and should not be less than 12 in. The di¬ 
ameter of the wheel is usually from 13 to 16| ft, with 12 floats. The floats on the under side of the 
wheel should be completely submeiged, their upper edges being not more than 2 in. under water. 

Wheels Turning on a Vertical Axis. —The Tub-Wheel, — The old-fashioned spoon-wheel or tub- 
wheel consists of a number of paddles fixed on a vertical axis, revolving within a cylindrical well of 
masonry, with very little clearance. The paddles arc slightly concave, and are struck on the hollow 
side by a horizontal current from a reservoir at a considerable head. The current enters the well 
tangentially, and, after having expended its force, falls between the open paddles to the bottom of 
the well. The maximum efficiency is calculated to be due to a velocity of the centre of the paddles 
when they are struck equal to onc-thii*d of the velocity of the current, and the efficiency is 80 per 
cent. In practice the efficiency varies from 15 to 80 per cent 

Barker's Mill consists of two hollow radial arms revolving on a central pipe, through which water 
under pressura passes to the extremities of the arms, and is ejected through an orifice at the end of 
each arm in opposite directions, thus producing rotary motion. 

Whitelaw's Mill is an improvement on the foregoing. The arms taper from the centre toward the 
circumference, and they are curved in such a manner as to allow the water to pass from the radial 
openings to the orifices, in directions nearly straight and radial when the machine runs at its proper 
speed, so that very little centrifugal force is imparted to the water by the revolution of the arms, 
and that therefore a minimum of frictional resistance is opposed to the motion of the water. A 
model 15 in. in diameter, measured to the centres of the orifices, with a central opening 6 in. in 
diameter, and two orifices of discharge each 2.4 in. by 0.6 in., was tested under a head of 10 ft, 
making 887 revolutions. The efficiency amounted to 73.6 per cent. At 824 revolutions the efficiency 
was 71 per cent. According to the results of tests of another model mill, the efficiency amounted to 
76 per cent, when the speed of the orifices was equal to that due to the height of the fall A water¬ 
mill on Whitelaw’s system 9.65 ft. in diameter, having circular orifices 4.944 in. in diameter, with a 
fall of 25 ft., was erected on the Chard Canal in 1842, for the purpose of hauling boats up an in¬ 
clined plane. The net work done by the machine represented an efficiency of 67.3 per cent, with the 
resistance of the gearing in addition. It was estimated that the actual duty of the mill amounted to 
75 per cent. 

Works for Reference .—The foregoing data relative to water-wheels arc mainly taken from “Rules, 
Tables, and Data for Mechanical Engineers,” Clark, London, 1876. Old methods of constructing 
water-wheels, determining power, etc., are fully detailed in “ Appletons* Dictionary of Mechanics,” 
1851. The various forms of water-wheels arc described in Ewbank’s “ Hydraulics.” See also Wtis- 
baeb’s “.AIcchanics of Engineering,” vol. ii.; “Hydraulics and Hydraulic Motors,” New York, 1877; 
“ Hydraulic Motors,” Bresse, translated by Mahan, New York, 1869. 

\VATER-WHEELS, TURBINE. Turbine wheels belong to the class of water-wheels which rotate 
on a vertical axis. The force of a head of water is applied to them by impact and reaction com¬ 
bined. By means of passages exterior to the wheel, the water is caused to impinge on the budccts 
or blades tangentially. These blades, and also the guide-channels which lead the water to them. 
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should be so curved as to receive the water with the least possible shock and discharge it with the 
minimum velocity. The size of turbines diminishes as the height of fall incites, and for falls of 
ordinary height they are very much smaller than the usual forms of water-wheels. Their smaller 
size gives necessarily a high velocity of rotation, which constitutes their most important advantage 
over the older varieties of wheel. It permits the adoption of lighter and less expensive machinery 
for transmitting power, dispenses with gearing, and gives greater regularity of speed and nearly 
equal efficiency under all heights of fall. The method of determining the efficiency of turbine wheels 
will be found treated elsewhere in this article. It is highest when their speed is between 0.5 and 
0.7 of that due to the height of fall. 

For designing turbines no special rules can be laid down. The most extensive investigations into 
the subject made in this country are probably those conducted by Mr. J. B. Franci.s, and fully de¬ 
scribed in ** Lowell Hydraulic Experiments,’’ Boston, 1855. From experiments on a Boyden out¬ 
ward-flow turbine Mr. Francis deduced the following rules: 

** The sum of the shortest distances between the buckets should be equal to the diameter of the 
wheel. 

** The width of the crowns should be four times the shortest distance between the buckets. 

The sum of the shortest distances between the curved guides, taken near the wheel, should be 
equal to the interior diameter of the wheel. 

“ The number of buckets is to a certain extent arbitrary. Asa guide in practice, to be controlled 
by particular circumstances, and limited to diameters of not less than 2 ft., the number of buckets 
should be three times the diameter in feet, plus 30. The number of the guides is also to a certain 
extent arbitrary; the practice at Lowell has been, usually, to have from a half to three-fourths of the 
number of buckets. As turbines are generally used, a velocity of the interior circumference of the 
wheel of about 56 per cent, of that due to the fall acting upon the wheel appears most suitable.” 

The method of laying out buckets and designing other portions of a turbine in accordance with 
the above rules is fully detailed in *^Appletons’ Dictionary of Mechanics,” 1851. A wheel con¬ 
structed after these plans was tested by Mr. Francis at the Tremont Mills in Lowell, Mass., and gave 
a percentage at full gate of .79. Formulas also based on these rules are given in ” Hydraulic 
Motors,” Mahan, New York, 1876. 

The data above referred to may be taken as guides for practice, but do not represent established 
proportions, for it is doubtful if any such exist. The whole subject is in its infancy, and present 
knowledge concerning it is not sufficient for the deduction of general conclusions. Every manufac¬ 
turer is more or less engaged in experimenting for himself, and between those who have experimented 
most the widest differences of opinion exist. Large numl^rs of tests of turbines have been made in 
this country, and extraordinary percentages of efficiency, reaching in some cases above 90 per cent., 
have been obtained. Such results arc not accepted by the majority of engineers. Prof. R. H. 
Thurston probably sums up in the following few words all that can be said in general terms on tur¬ 
bine designing: “The velocity of direct flow, or that with which the water passes through the 
wheel, is to be preserved as nearly uniform as possible, and the passages are to be given such form 
and magnitude of cross-scction as will insure that uniformity. The velocity of the whirl is made as 
nearly as possible equal to the rotary velocity of the wheel, and the water is thus passed upon the 
wheel without shock. It should glide over the buckets without sudden change of velocity, and 
should finally pass out with a spe^ opposite in direction and equal in magnitude to that of the 
wheel, thus dropping out of the wheel with the least velocity of flow, and with its original m viva 
transformed into mechanical energy.” 

Forms or Turbines. 

The turbine was introduced into general use by Foumejrron in France in 1827, and soon after by 
Fairbaim in England and by Boyden in the United States. Turbines are classed as outward-flow, 
inward-flow, and parallel or downward-flow wheels, according to the direction taken by the water in 
passing through Ibem. 

I. Octward-Flow Turbines. — The Fourntyran Turbine, —This wheel acts with an outward flow; 
that is to say, the water enters from above through a central opening, and is guided by curved blades 
to be discharged laterally at the base of a circular chamber, equally at all parts of the circumfer¬ 
ence, into the buckets or curved blades of the wheel. The wheel is annular and closely surrounds 
the circular chamber. When the supply of water is insufficient for working the turbine at its full 
power, the exit openings from the well are partially closed by a cylindrical sluice, which is lowered 
upon them to the required extent. The efficiency is reduced in proportion 
as the sluice is lowered, for the action of the water on the wheel is less 
favorably exerted. 

The Aiyden Turbine^ devised by Mr. Uriah A. Boyden of Massachusetts 
in 1844, is constructed on the same principle as the Fourneyron wheel, but 
differs from it in many important particulars, as follows: 1. The water is 
conducted to the turbine through a vertical truncated cone concentric with 
the shaft. The water os it descends acquires a gradually increasing ve¬ 
locity, together with a spiral movement in the direction of the motion of the 
wheel. The spiral movement is in fact a continuation of the motion of the 
water as it enters the cone. 2. The guide-plates at the base are inclined 
so as to meet tangentially the approaching water. 3. A “ diffuse ” or an¬ 
nular chamber surrounds the wheel, into which the water is discharged. This chamber expands out¬ 
wardly, and thus the escaping velocity of the water is reduced. A plan of the Boyden wheel is 
given in Fig. 4246. Fig. 4247 represents the modem method of its construction. is a quarter 
turn leading the water to the wheel; J?, the lower curb; (7, the disk carrying the guides; i>, the 
wheel with its guide-channels, shown with the guide-curves more clearly in Fig. 4246; A*, a disk coi^ 
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necting the wheel to the vertical shaft; and 0\ supporting-beams; the shaft; /, the sup¬ 

port for the bearings ; the driving-gear; and Ry the apparatus for moving the gate. 

II. Parallel or Downward-Flow Torbines. —Fimiainii Turbine .—In turbines constructed with 
the downward or parallel flow, the wheel is placed beneath an annular series of guide-blades. The 
water strikes the curved floats of the wheel, and falls vertically or nearly so into the tail-race. The 



water thus remains at a constant distance from the axis. This system of construction is sometimes 
termed Euler’s after the alleged inventor. The credit of its adaptation to practical use appears to 
be due to M. Fontaine of Chartres, France. The wheel is usually cased in so that it may be set at 
any point in the fall, utilizing the so-called suction of that part below it, as well as the pressure doe 
to the column above it. This last arrangement constitutes the chief peculiarity of the Jonval wheel, 
which is essentially the same as Fontaine’s. 

The Bedine-Jonval Turhinty manufactured by Messrs. Rockfcllow & Sleeper of Mt. Morris, N. Y., 
is represented in Figs. 4248, 4249, and 4260, and is one of the best modem forms of this class 
of wheel. Fig. 4248 shows the wheel removed from its case; Fig. 4249 shows the case and ar¬ 
rangement of gates; and Fig. 4260 shows a section of the wheel and guides. The wheel is cast in 
one piece, of iron or brass, and is held in position by a bridge-tree above and below, secured firmly to 
the case. By means of an adjustable step, the height of the wheel is regulated to the case so as to 


4Sm. 4250- 



prevent loss of water by leakage. The shape of the buckets is clearly shown in Fig. 4248. They arc 
placed between two cylinders, the inner one of which is connected with the hub by a web or disk. 
The gate is of the register pattern, as shown in Fig. 4249, being an annular plate with flanges pro¬ 
jecting upward at its edges, and the space betwen the flanges perforated with openings having radial 
sides and occupying a little less than one-half of the whole space, leaving the solid part of the nog 
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between the flanges of the same form as the openings. The upper edges around the openings are 
slightly rounded to lessen the contraction of the stream entering. The gate is opened and clo^ by 
a pinion, having a vertical shaft passing op through the top of the curb to a hand-wheel, which pinion 
works into a short rack bolted to the outer flange of the gate-plate. The guides are of cast iron, of 
the form shown in Fig. 4250, so spaced that the gate when open just covers the top of each guide, 
and when closed projects slightly upon each of two adjacent guides. 

This wheel is claimed to steely and evenly, and to free from leakage. From a report of 
tests nuide by Mr. Hiram F. Mills, C. £., at Lowell, Mass., in 1870, the mean maximum eflSciency is 
as follows: with full gate, 75.9 per cent of the power of the water; with three-quarters gate, 72 per 
cent.; with half gate, 61.S per cent.; and with quarter gate, 51.7 per cent. 

HI. iNwaRD-FLow Turbines. —^These wheels are surrounded by annular cases, in which are guide- 
passages which direct the water inward to the wheel-buckets. 

Tht SvBinn Wheels devised and constructed by Mr. A. H. Swain of North Chelmsford, Mass., was 
the first of this type. Mr. Swain^s invention consisted in the introduction of a double curve in the 
form of the inwardly disd^rging bucket, so that the dischaige is downward instead of inward, and 
the long double curve of the bucket retains the water until it has received a very large percentage 
of its i^tial power. These buckets are formed of sheet metal, either iron, steel, or bronze, stamped 
in dies, and having projecting tenons on their ed^, by means of which, when placed in a suitable 
mould, the connection between the bucket and the rims of the wheel, which are cast around the 
buckets, is made secure. 

The construction of the Swain wheel is shown in Fig. 4251. Fig. 4252 is a horizontal section just 
below the crown-plate, and partially shows the form of the bucket. Fig. 4253 is a development of 
a portion of the cylindrical surface of the wheel contiuning the outer edges of the buckets. The 



lower curb (7 is a strong disk of cast iron, with a short cylinder on which the rate moves, and an 
inner tube with diverging sides through which the water leaving the wheel is discharged into the pit. 
8 is the step, a cylinder of white oak. It is supplied with water by pipe /, and can be reached by 
removing the piece a. The screws i serve to adjust the wheel vertically. The gate O is made with 
two cylinders N and if, attached at their tops to a disk ft which forms an angle of 80® to the cylin¬ 
ders. The gate has 24 guides set to form an angle of 14®, with the tangent to the wheel passing 
through their inner edges. Outside of and in a line with the thick guides are placed three stands, 
one of which is seen at 0. These support the chamber E and the wheel-cover X, The lower disk 
of this chamber is slotted, so that the guides may enter the chamber when the gate is raised, by 
'means of the hoisting-rods which pass through the thick guides. Fig. 4251 represents the gate fully 
opened. The gate is opened by lowering, and closed by raising it; so that when the gate is first 
opened, the water is admitted into the wheel immediately under the crown, and the depth of the sec¬ 
tion of the stream passing through the guides is increased in proportion as the gate is opened. The 
lower edge of the chamber and the upper edge of the gate are finished so as to form a close joint 
when brought into contact. W is the wheel, having 26 buckets of bronze. According to tests of 
this wheel made by Mr. J. B. Francis in Lowell, Mass., in 1874, its efficiency from about two-thirds 
gate to full gate varies from 0.828 to 0.839. 

Following the Swain wheel came a great variety of wheels, containing the same features of an 
inward and downward discharge, but of a cheaper construction, being usually cast in one piece; but 
some of them have given, when tested by the Prony brake, such excellent results that we give 
illustrations and descriptions of several of the best. The general principle of them all consists in 
guides or chutes which deliver the water at right angles, or nearly so, to the lip of the bucket, and 
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in buckets whose area regularly diminishes to the mouth or point of discharge, and the enrre of 
whose sides receiving the fpree of the water is of a somewhat cycloidal form, so as to offer a con¬ 
tinual resistance, until the force or weight of the water is so thoroughly exhausted that it falls away 
from the bucket with only the velocity due to the rotation of the wheel. 

4254. The Risdon Turbine^ manufactured by Messrs. T. H. Risdon k Co. of Mt- 

Holly, N. J., is represented in figs. 4254 to 4267. Fig. 4254 shows the wbed 
proper, with a portion of the lower band removed to exhibit the form of the 
band and buckets. The band serves to strengthen the wheel and to make a 
suitably-shaped outlet for the water through the lower part of the wheel A 
vertical section of the wheel is shown in Fig. 4255, and a horizontal secdon 
in fig. 4256. The various parts are indicated by letters in Fig. 4257. At 
B are the stationary guides; C is the cylinder-gate; D, part of the gate pro¬ 
jecting between the guides; Y-shaped portions of the crown-plate rest¬ 
ing on stationary guide; Gy slots in pieces F to allow the gate to rise; A, 
spider or gate-arms; if, rack and pinion; Ny gate-stand; P, balance cyli^er 
or chamber, provid^ with water-passages to relieve it of internal pressure; 
Ry lower guide-rim; 8y draught-tube; Vy main water-wheel shaft; and Wy 
gate-shaft. The Y-shaped pieces F are cast on the crown-plate, and, as the 
gate rises in their slots, the crown-plate may be placed just above the wheel 
and within the cylinder-gate. On the plate is attached a ring of flexible material which bears against 
the inside of the gate; this is kept tight by the water-pressure, and leakage is thus prevented. 
From the centre of the crown-plate rises a long hub, to the out¬ 
side of which a spider is attached. The outer ends of the spi- 4257. 






dcr-arms are secured to the cylinder-gate, which is moved by 
means of a rack and pinion in connection with the spider, the 

long hub serving as a guide for the motion of the latter. On 
4258. the upper end of the spider is a fiat disk fitting within a small 

cylinder, and moving within the cylinder whenever the gate is 
moved ; this cylinder is open at the bottom and closed at its up¬ 
per end, and is fastened securely on the top of the long central 
hub. This moving disk has a packing-ring on its under side 
similar to the one on the top of the crown-plate, to prevent leak. 
From the upper side of this disk all pressure is removed by the 
passages (shown by heavy dark lines) allowing the water to es¬ 
cape down the central hub. The object of this device is to coun¬ 
terbalance the weight of the gate by upward pressure of the 
water on the under side of the disk. Fig. 4256 shows the posi¬ 
tion of the gate when fully raised, representing the lower edge 
of the gate coinciding with the upper part of the water-course 
through the wheel, showing the projections that are between the 
guides on the outside of the gate. These projections are more 
distinctly shown in Fig. 4257. It will be seen that the station¬ 
ary guides make a gi^ually converging passage on two sides; 
the lower guide-rim inclines upward as it approaches the wheel 
making the third side of the water-passage, and the under sides 
of the projections inclining downward as they approach the 
wheel make the fourth side, thus completing it of a form which 
the manufacturers claim offers the least resistance to the water. 
At a competitive test of water-wheels conducted at the Cen¬ 
tennial Exhibition, the Risdon wheel obtained the highest results, as follows: per cent, at full gate 
or discharge, 87.60; seven-eighths gate, 86,38; three-fourths gate, 82.62; half gate, 76.85. 


4255. 


4266. 
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The American Thtrbine^ manufactured by Messrs. Stout, Mills k Temple of Dayton, Ohio, Is repre¬ 
sented in Figs. 4258, 4269, and 4260. Fig. 4268 shows the wheel only; fig. 4259, the case; and 
Fig. 4260 is a plan view of the wheel and gates. The wheels and cases are made entirely of iron, 
with bridge-trees above and below. There are from six to twelve graduated chutes on each wheel, 
depending on their diameter. Each gate and chute is cast in one piece, and moves horizontally, the 



chutes being binged at a point near the inside of the case, or point of depiction. Thus, as the gates 
are opened or closed, it will be seen that the chutes move with the gates, as in Fig. 4260; the upper 
portion of the case is removed to show their form. The lines behind the chutes represent the 
guards, which are cast between the upper and lower plates of the case. These guards relieve the 
gates from the hydrostatic pressure of the head; consequently the gates are easily opened and closed 
by a ring and levers, operated with a segment and pinion. The gate-rod, on which the pinion is 
placed, passes up through the husk or floor, with a hand-wheel on the upper end for the purpose of 
operating the gates. It is claimed that, whether the gates arc fully or partially opened, the chutes 
are always adjusted to suit the amount of water admitted through the gates, in consequence of 
which a high percentage is obtained with partial gates. 

The following tabic, submitted by the manufacturer, shows results of test of this wheel made by 
Mr. James E. Emerson in 1873 (diameter of wheel, 48 in.; data for one minute): 


Tabic of Testa of American Turbine. 


Galt. 

Htad. 

Pvrctntagt. | 

Gate. 

Hoad. 

Porceatago. 

Goto. 

Head. 

Pnontago. 

Whole gate.. 

18.18 

82.84 

Three-fourths. 

18.41 

81.49 

One-half. 

IS.86 

69.64 

Seven-oighths 

18.13 

82.80 ! 

Five-eighths . 

18.46 

16.12 

One-fourth... 

19.28 

60.08 


4262. 


AlcotCa Turbine^ manufactured by 3Iessrs. T. C. Alcott k Son of Mt. Holly, N. J., is represented 
in Figs. 4261, 4262, and 4263. Fig. 4261 represents the wheel out of the cose; Fig. 4262 is a ver¬ 
tical section; and Fig. 4263 shows the outer case and 
cylinder, with the bridge-tree and wooden step which sup¬ 
ports the wheel in position. In Fig. 4262, A represents 
the interior lines of the wheel and indicates its concave 
rim; B is that portion of the chute comprised in the outer 

4261. 



case; C is that portion of the chute comprised in the 
register-gate; D is the pinion which works into a seg¬ 
ment upon the register-gate for the purpose of opening 
or closing the same. The arrows indicate the course of 
the water through the chutes or buckets of the wheel. 



The other parts are as follows; cross- 
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arms or bridge-tree; wooden step upon which the wheel revolves; bucket of the wheel; 
band surrounding buckets on outside; /, draught-tube; Jy gate-arms, supported at the centre, serving 
the double purpose of keeping the gate concentric with the guides without unnecessary friction, and 

bearing most of the weight at the centre where the friction 
is least; if, packing-box, which prevents leakage around 
the shaft; Z, dome, containing wooden followers at top; 
My crown or cover, overlapping outer casing; and Ny paA- 
ing-box for gate-shaft, to prevent leakage. The principai 
advantages claimed for the wheel are as follows: station¬ 
ary water-ways, by which the direction of the column of 
water entering the wheel is never changed or broken, or 
its velocity checked; an opening to each bucket of the 
wheel, all combined in one gate; and simplidty of con¬ 
struction. 

Bumham^B Standard Turbiney manufactured by Mr. N. 
F. Burnham of Richmond, Va., i» represented in figs. 4264 
and 4266. Fig. 4264 is a plan view, with horizontal sec¬ 
tions on the lines A By CD, and FF of fig. 4266, show- 
ing part of the buckets of the wheel, chutes or water-wajs 
in the curb, and ports in the gate-ring. fig. 4266* is a 
vertical section of the entire wheel on Ae line Y Y of fig. 
4264, showing the upper journal-box, with shaft of wheel, 
stuflSng-box, eccentric wheel, concave hub, and bucket, together with wood step and cross or bridge 
to support the step. 

This turbine is the latest of a number of inventions made by its manufacturer, the series begin¬ 
ning with improvements on the Jonval wheel. The principles of its construction are stated as fol¬ 
lows ; 1. Extending the inside part of the buckets down to correspond with the extended wall of the 
hub, and curving the lower part of them up to the original length at the periphery of the wheel; 2. 
Forming a water-tight groove for the upper projecting rim of the gate, to prevent sand or dirt from 


4265. 



being drawn into the working parts; 3. Operating the gate by an eccentric wheel instead of by cog¬ 
gearing or levers; 4. Supporting the upper bearing-box on brackets, the lower end of the latter rest¬ 
ing on the cover, directly over the body of the case, forming an upper bearing for the wheel-shaft; 
6. Placing a packing-box under the bearing, which prevents the forcing of sand into the joumal-boi 
by the water. For tests of this wheel see table at end of article. The manufacturer states that on 
trials at his testing flume a yield of 84 per cent, of power has been obtained. 

The Leffd Double lurhiney manufactured by Messrs. James Leffel k Co. of Springfield, O., while 
giving an inward and downward flow, differs materially in construction from other forms of turbine. 
It is described by its manufacturers as follows: There is in it a combination of two independent 
sets and kinds of buckets, one a vertical, the other a central discharge, each entirely different in 
its principle of action upon the water, yet each wheel or series of buckets receiving its water from 
the same set of guides at the same time; but the water is acted upon but once, since half the water 
admitted by the guides passes to one wheel, and the other half of the water to the other wheel; the 
water leaving both wheels or sets of buckets at the same time and as quickly as possible. T^esc 
two sets of buckets are so combined as to make really but one wheel; that is, both are cast in one 
piece and placed upon the same shaft. By this arrangement there is admitted the greatest possible 
volume of water, consistent with its economical use, to a wheel of any given size, and at the same 
time the greatest area for the escape of water is secured.’* 

Fig. 4266 represents the Leffel wheel in its casing and ready for attachment to machinery to be 
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together. A movable cap is provided, so that 
the wheel can be lifted bodily out. Above the 
cap is a bridge-tree carrying a broad oil-bearing 
for the support of the wheel-shaft, to which a 
clutch-coupling is attached. In the cover are stuffing-boxes through which the gate-rod and water¬ 
wheel shafts pass. 

The letters on Fig. 4268 correspond to the dimensions given in the following table. Two sizes of 
wheel, for purposes of illustration only, are here referred to. The measurements are in inches. 


driven. A section of the wheel showing its mode of construction appears in Fig. 4267. Fig. 4268 
shows the method of setting the Mrheel. Fig. 4269 represents the Leffel wheel attached to the ma¬ 
chinery of a mill, and also the arrangement of 
the wooden penstock. The wheel is here shown 
inclosed in LeffePs patent iron globe-casing, 
which consists of two hemispheres of iron bolt^ 
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Tabu showing Dimensions^ etc., of the Leffd Wheel, 




B 

C 

D 

E 

F 

O 


SIZE OF 
WHEELS. 

Dbrntor of 
of Whool ood 
Coalng. 

laloraol mnMn- 
•tou of Penstock. 

Height of 
8h«a from 
Floor of Pen¬ 
stock to Centre 
of ConpUng. 

Dinmeter of 
Bore la 
Upper Half 
of Conpling. 

Depth of PH 
from Floor where 
Wheel reels to 
Bottom of Pit. 

DInaMier of 
Hole in the 
Floor of 
Flmne for 
Wheel Cyl¬ 
inder. 

Distance 
from Centre 
of Onto-rod 
to Centre of 
Wheel-Shaft. 

Oaae-Soctlon or 
Slae of Entranoo 
for Water to 
Peaetock. 

No. 2... 
“ 18... 

114 

1G7 to 185 

52 to 60 

86 

86i 

«* 

2* 

62 to S3 

28 to 88 

9'* 

27 

52 

16* 

74 by 185 

40 by 60 


Settino Turbines. 
—^The method of set¬ 
ting the Leffel turbine 
shown in Fig. 4268 
will indicate the gen¬ 
eral mode of placing 
all wheels of this 
class. In Fig. 4270 is 
shown the arrange¬ 
ment of timbers used 
by Messrs. Leffel & 
Co. in the construc¬ 
tion of a plain wood¬ 
en flume. Fig. 4271 
represents a wheel of 
this type as construct¬ 
ed by Messrs. Poole k 
Hunt of Baltimore, 
fltted to a cast-iron 
penstock with cast- 
iron inlet-pipe. One 
side of a section of 
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Also, the water below or outside should not be within a 
foot of the crest of weir, so that it shall not impede the 
flow-over. And lastly, in taking the height of water on 
weir, it should be measured at a point far enough back 
or up stream to be above the curvature of the surface 
occasioned by the fall in height, as the water approaches the weir with increasing velocity, and this 
measuring point should not be more than one-third the length of weir back. The Hook gauge for 
taking this measurement should be located at this point; or else, if placed below the weir, in a can 
or vessel, this latter must be connected by a straight pipe, that has its up-stream end opening at the 
point mentioned. This will insure a correct reading of the head on weir. The formula given by Mr. 
Francis for determining the flow in cubic feet, which is the only one based on accurate experiment, 
and universally used, is as follows: Q = 8.33 {L — O.l nh) \ where Q = number of cubic feet 
per second, L = len^h of weir in feet, h = depth of water flowing over in feet, and n = number of 
end contractions. 

“ The flume, or penstock, may bo of wood or iron, securely braced, and tight in all the joints, and 
should have a firm, rigid foundation or platform, upon which the wheel is to be set. In setting the 
wheel, it should fit its case easily, so as not to bind when the weight of water is on it, and should be 
tight in the gate and stuifing-box, so that no leakage will take place, as no deductions should be al¬ 
lowed to a wheel for leaky gates, since the water leaking through bccoraos effective when the gates 


the pipe is detached in order that the wheel may be exhibited. This arrangement is especially com¬ 
mendable. 

Testing Tcumnes. —^The following practical suggestions are by Mr. S. S. Webber, C. E.: “ The mea¬ 
surement of the water flowing through the wheel is obtained by constructing a weir across the ^id 
of a tight tail-race or flume, which should be wide and deep enough to allow the water to become 
quiet and find a level after its rapid passage through the wheel; and in cases where the nature of 
the surroundings will not permit of this, a rack or strainer reaching to the bottom of the race, and 
fine enough to set the water back slightly, should be put in across the flume. This will even the flow 
beyond and break up any currents. This rack must be at least 15, and better 20 ft. back from 
the weir. The construction of the weir is the next step. It may be of any length, at least 8 ft., 
and for any wheel over 30 in. under 20 ft. head, 9 or 10 ft. is better; and the larger wheels require 
a weir long in proportion. It is usually made of plank, and the edge over which the water flows 
must be true and level, and the sides also true and at right angles to the top or crest. The up-stream 
edges must be sharp and smooth, and the down stream edges beveled off, so that the water will only 
come in contact with sharp up-stream edges; then, from the bottom of the race to the top or crest of 
weir, the height must be at least three times the depth of water that will flow over. A weir one foot 

deep should be two feet shorter than the width of tail-race, 
or else the full width; as in one case a deduction must be 
made in the calculation from the length of the weir for 
end contraction in the flow of water, and in the other none, 
as, the weir being full width, there is no end contraction. 
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are opened. But if there be any leakage through the flume, or at the joint of the wheel-case and 
floor of the penstock, this leakage, if flowing over the weir, may first be measured with the gauge and 
deducted from the whole when the wheel is running, as it is only the water actually acting on the 
wheel that should be 
charged to it. Having 
got everything tight, and 
the wheel to turn easily 
in its bearings, a friction- 
pulley with a smooth, 
accurately - turned face, 
and perfectly balanced, 
is keyed on the shaft. 

The diameter should be 
about 3 ft. by 12 in. face 
for small wheels, say not 
over 30 in., while a larger 
one is required for wheels 
of greater power. It is 
better to have the Prony 
brake made in halves, of 
metal lined with blocks 
of hard wood, and to in¬ 
close the entire pulley, 
except a narrow opening 
of a couple of inches, 
to allow for tightening 
up. The surface of the 
wooden blocks should 
be grooved or ‘herring¬ 
boned,* to distribute the 
lubricating water, which 
should be render^ a lit¬ 
tle greasy by dissolving 
soft soap in it. By hav¬ 
ing holes in the brake 
leading to the grooves, 
the soapy water can be 

made to give a perfectly even, regular friction at all speeds, while oil is likely to heat and gum, and 
giye a deal of trouble, and, even & mixed with water, it is not nearly so good as soap. Attached to 
the brake-casting is an arm or lever, at the further end of which is an eye-bolt with a knife-edge, to 
which the scale-beam of the weighing apparatus is attached. The distance from the centre of wheel- 
shaft or pulley to the knife-edge in the brake-lever is the radius of a circle, whose circunfcrence is 
the distance in feet the weight lifted is supposed to travel at each turn of the wheel. The scale- 
beam is either of metal and graduated to pounds, or is provided with a weight-pan hanging from the 
end, the weights being in all cases multiplied by the leverage used for the total effective weight lift¬ 
ed. To prevent jar and vibration, a rod and piston should be attached to the opposite end of the 
scale-beam from the weights, which works loosely in a cylinder or dash-pot filled with water. This 
arrangement, allowing the lever to work easily, prevents rattling or jarring; and the weight of the 
rod and piston, after being put in the dash-pot, should be counterbalanced by hanging an equal weight 
on the weight end of the scale-beam. This completes the weighing apparatus, which, with a speed- 
counter fastened to the wheel-shaft, to register the times per minute, completes the whole.** 

Hobse-Power of Turbines. —^To calculate the horse-power of a turbine wheel: Multiply the cubic 
feet of water discharged per minute by the weight of a cubic foot of water at average temperature. 
Multiply this product by the height of head, and divide by 33,fX>0. As no wheel can utilize 100 per 
cent, of the water, the quotient is taken as full value, and multiplied by the percentage lound to De 
utilized by experiment in order to obtain the net horse-power. 

Exxunfie .—What is the net horse-power of a wheel which discharges 8,168 cub. ft. of water per 
minute under 15 ft. head, utilizing 80 per cent, of full power of the water? Taking the weight of 1 
cub. ft. of water at 62^ lbs., we have 8,168 x 621- = 197,472. This multiplied by 15 gives 2,962,080, 
w'hich divided by 33,000 gives 89.76 as full value of water; and 89.76 x .80 (per cent, utilized) = 
71.8080 net horse-power. 

Works for Reference .—“ Lowell Hydraulic Experiments,** Francis, Boston, 1856 ; “ Steam-Engines 
and Prime Movers,** Kankine, London, 1859; “Hydraulic Motors,” Mahan, New York, 1873; “Hy- 
daulics,** Weisbach (“Mechanics of Engineering’*), New York, 1877. See also list of works under 
Hydrostatics and Mechanics. 

WELL-BORING. The Well-Auger. —The most expeditions means of sinking wells in clay, 
gravel, etc., is by the use of the well-auger, an improved form of which implement, as manufacturetl 
by the Pierce Well Excavator Company of New York, is represented in Fig. 4272. This is attached 
to a rod suspended from a rope which passes over a pulley at the top of a derrick, and thence is led 
to a wheel and axle. To the auger-rod is secured an arm or arms whereby the tool is rotated and so 
screwed down into the earth, by man- or horse-power. About eight turns cause the auger to become 
filled with soil, when it is lifted, emptied, and replaced. It is said that wells ranging in diameter 
from 6 to 30 in. can be bored with this implement, at the rate of from 40 to 60 ft. per day. The 
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auger used for boring quicksand is shaped similarly to the ordinary wood>boring tool, having a wide 
spiral thread. The shank is hollow, and is arranged with air-valves, so that when the auger is lifted 
no suction is produced. When the thread becomes loaded with sand, the tool is drawn up into an 
inclosing cylinder. This, in connection with leather valves near the end of the 
4271 auger, holds the sand in place until the implement is removed from the well 

and emptied. 

Abtesian Wells.—A general description of the processes of boring, tubing, 
and pumpng, as practised in western Pennsylvania, may best serve to illustrate 
the latest ^vances made in the methods of sinking artesian wells. Directly 
over the site of the proposed well a wooden derrick or open tower is erected, 
14 to 16 ft. square at the base, and 30 to 60 ft. high, the four comer-posts 
converging so as to form a square at the top 2^^ ft. in diameter, upon which 
rests a heavy framework for the reception of the pulley over which the drill- 
rope is to play. Near the bottom of the derrick, and in range with the band- 
wheei from which the power is derived, is a shaft of timber 6 or 8 ft long and 
about 8 in. in diameter, mounted on journals, and similar in character to the 
common hoisting windlass. Upon each end of this shaft is driven a large pul¬ 
ley called the bull-wheel; between these, upon the main shaft, the drill-rope, a 
cable of from 1^ to If in. in diameter, is coiled, the outer end passing from it 
over the pulley on the top of the derrick, and attached to the drilling tools. 
When these are to be lowered or withdrawn, it is done by means of power 
applied to the bull-wheel. In localities where the rock is some distance below 
the surface, it is customary to drive down, by the aid of a suitable weight and 
guideway, a heavy metal pipe, called the drive-pipe; this is usually of cast iron, 
from 6 to 8 in. in diameter 
and an inch in thickness; 
it is driven in sections of 
10 ft., and great care is 
needed that it be not bent 
or deflected, since it is to 
guide the drilling tools. 

The engine is so placed 
that its drive- or balance- 
wheel shall be from 20 to 
25 ft. from the centre of the derrick, and at 
one-half this distance is planted the sampson- 
post, a heavy hewn timber from 12 to 18 in. 
square and 12 ft. high, the top of which is fitted 
to receive the working-beam. This working- or 
walking-beam transmits and applies the power 
to the drills; it is of wood, 12 or 16 in. square, 
and of such a length that when balanced upon 
the sampson-post one end may stand directly 
over and connect, by means of a connecting-rod, 
with a crank attached to the shaft of the drive- 
wheel ; by the revolution of this crank, which 
has a radius of about 20 in., a redprocating 
movement is given to the farther end of the 
working-beam; on this is bolted an iron joint, 
to which may be attached the temper-screw 
when drilling, or the sucker-rods when pump¬ 
ing. The drilling tools consist of centre-bits, 
reamers, an auger-stem, jar, and sinker-bar. 

The centre-bit, Rg. 4273, is of 2i-inch wrought 
iron, 3| ft. long, and having a wedge-shaped 
cutting edge of steel, 3| to 6 in. on the face. 

The reamer. Fig. 4274, which follows this and 
serves to enlarge and trim out the hole, is very 
similar in shape, though about an inch broader 
on the face, which is also more blunt; the aver¬ 
age weight of each is about 75 lbs. The auger- 
stem, Fig. 4275, into which bits, reamers, and 
dislodging tools are screwed, is a wrought-iron 
bar about 20 ft. long. The sinker-bar. Fig. 

4276, a heavy rod of iron 10 ft. long, serves to 
increase the force of the blow; it is separated 
from the auger-stem by an ingenious contriv¬ 
ance called a jar. Fig. 4277, consisting of two 
links or loops of iron or steel, which slide in 
upon each other when the drill strikes bottom, thus, by a quick blow upon the top of the auger- 
stem, increasing the effect of the fall; and on the upward movement the sudden jerk or jar 
serves to loosen the tools, in case they become wedged. When connected, these tools weigh from 
800 to 1,600 lbs., as the hardness of the rock requires. The drill-iope is attached to the work- 
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!ng-beam by means of a temper-screw, Fig. 4278, suspended from it and made fast to the rope by 
a Bcrew-clamp. This temper-screw is about 3 ft. long, and is made with a coarse thread that 
works in a thin frame. At the lower end of this screw is a wheel, by which it is let down after each 
stroke, whereby the tension is regulated and the drill properly guided. The rope-socket. Fig. 4279, 
is for attaching the sinker-bar to the drill-rope. The tools are lifted and dropped by the rocking 

motion of the working-beam, and lowered or 
withdrawn by aid of the bull-wheel and shaft. 
The sediment and battered rock arc removed by 
means of a sand-pump. Fig. 4280, which is a 
heavy metal tube, slightly smaller than the well¬ 
bore, and about 6 ft. long, with the lower end 
closed by a simple valve opening upward; this is 
lowered and withdrawn by a light rope, and the 
well-man by an examination of its contents is 

4288 


informed of the progress and prospects of his 
work. The pump is used after each drilling of 
6 to 12 in. Fig. 4281 represents the working of 
the boring tools in the Pennsylvania oil region. 
The tubing of a well consists of a heavy iron 
pipe lowered in sections, the joints of which are 
flush both inside and out. At the lower end of 
the first section is a simple ball-valve pump, the 
piston of which is connected with the working- 
beam by jointed poles or metal rods. When it is desirable to exclude all water from a^ve a given 
point, it is effected by binding around the tubing a leather bag of flax-seed before driving it down; 
the swelling of this closes the space between the main wall and the tube. The steam-engines^ in use 
in western Pennsylvania range from 6 to 20 hoise-power, one of 8 horse-power being sufficient to 
bore a well 900 ft. deep. Artesian wells have been sunk, though very slowly, by the aid of two 
men and an old-fashioned spring-pole, Fig. 4282. 

Among the accidents liable to occur in the boring of artesian wells are the breaking of the drills, 
or their detachment from the auger-stem, and the loss of the sand-pump or the whole boring-gear 
by the wearing away of the drill-rope. At times the di ill enters what is 
known as a mud-vein—a thin stratum of mud or quicksand, which often 
flows in so rapidly as to inclose and bury the drilling tools. There are 
many ingenious contrivances for the removal of these obstructions, and 
the forms of several of the less complex are here shown. Fig. 4283 is 
designed chiefly for removing detach^ or broken pipe or rods. It is low¬ 
ered down the well-bore until the rod passes up above the ends of the two 
arms, when by an upward movement the two catches, being pressed for¬ 
ward by springs, take hold of the rod and grasp it the more firmly the 
greater the resistance. Fig. 4284 is of service mainly in removing a de¬ 
tached drill or reamer; the shorter arm acts as a guide, while the hook 
at the end of the larger one passes below and takes bold of the lower 
edge of the drill. Figs. 4285 and 4286 are also designed for removing 
broken rods. In Fig. 4285 the rod passes through the metal cylinder, 
and is prevented from falling back by the drop-catch and spring. Fig. 

4286 consists of an angular claw placed at right angles to the rod by 
which it is lowered; this is twisted under the shoulder of the rod, thus 
securing it as in a wrench. Fig. 4287 is the ordinary lazy-tongs, and is 
of very general service, as its construction indicates. 

In addition to the contrivances above mentioned, the French engineers 
have introduced certain improved drills, pumps, etc. The drill invented 
by M. Goulet-Collet consists of a cylinder of sheet iron 6 ft. long, sus¬ 
pended by a chain, and armed at its lower end with an annular cutting- 
head of steel, in which two knives or chisels are inserted at right angles across the opening. These 
chisels serve to cut the rock, which when finely divided rises with the water through the opening; these 
may be provided with valves, the instrument thus serving the double purpose of drill and pump. The 
method of boiing by means of the diamond-drill is essentially different from that dcscril^ above. 
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When a well fails to yield a fair amount of oil or water, an increase in the flow is often effected 
by means of the Koberts torpedo. This is a thin water-tight cylinder of metal or paper, 4 to 6 ft. 
long and 2 or 3 in. in diameter, charged with powder, guncotton, or uitro-glycerine. It is lowered 
to the bottom of the well, or to a depth that will bring it opposite the desir^ stratum, and the well 
then flooded. The charge is exploded by a cap or electric spark, and the explosion often dean 
away the obstruction from the oil or water vein. Wells yielding only 5 barrels of oil per day have 
been increased by this means to 75 or 100 barrels. 

Negative artesian wells are those which serve to convey away surface waters into some absorbing 
stratum. They are of service about manufactories from which large quantities of impure liquids are 
discharged, the flow of which upon the surface would prove a nuisance. For boring of mining and 
other shafts, sec Minf Aptliancxs. 

Driven Wells. —^The process of driving tube-wells resembles pile-driving, but with this distinction, 
that, while piles receive the blows of the monkey on their heads, the tub^ are not struck at all, the 
blow being communicated by the clamp, which receives the blow near the ground. The tube-well, as 
oidinarily used, is not intended for piercing rock or solid stone formations, but it is quite capable of 
penetrating very hard and compact soils, and can also be successfully driven through chalk, break¬ 
ing throu^ the flints which may obstruct its passage downward. When solid masses of rock or 
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stone are reached, special means of drilling have to be provided for it. When coming upon rock or 
stone, the best plan is to pull up the tube and try in another spot. This applies also when deep 
beds of clay are driven into; for, by going a little distance off and testing again, in many cases water 
will be found. The mode of operation is as follows: The first or pioneer tube A, shown in Fig. 
4288, is furnished with a steel point of bulbous form, and perforated with holes varying from one- 
eighth of an inch to one-quarter of an inch, extending from 16 in. to 3 ft. upward from the point 
The enlargement of the point serves to clear a passage for the sockets by which the tub^ are 
screwed together. On to this tube the clamp B is fastened by two bolts at about 8 ft, from the 
point; the clamp is of wrought iron lined with steel, and screwed internally so as to form teeth to 
grip the tube. Next, the cast-iron driving-weight or monkey C is slipped on to the tube above the 
clamp. The tube thus furnished is stood up perfectly vertical in the centre of the tripod or shear- 
legs i) i> 2), in which it is retained by the latch E. The feet of the tripod should be looked to, 
in order that they be firmly planted, and do not slip or sink during work. The whole being now 
arranged in position for work, the ropes FF are made fast to the monkey and pass^ over the pul¬ 
leys of the tripod, and driving is commenced by two men pulling the ropes and allowing the monkey 
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to fall on the clamp. At this point particular attention most be paid to frequently tighten both the 
bolts equally as the driving proceeds, for the clamp must not on any account be allowed to slip, 
otherwise the blow of the monkey is in a great measure lost, the result being no good to either clamp 
or tubes, besides wasting time. As soon as the clamp reaches the level of the earth by dint of 
repeated blows, the motmey should be raised, and one man, taking a turn of his rope round one of 
the legs of the tripod, holds the monkey, suspended, while the other loosens the bolts of the clamp 
and raises it about 18 in., and tightens the bolts again as at the commencement. If the ground be 
very soft, the clamp can be raised 2 ft. or more, as it saves the frequent readjustment; if very hard, 
not more than 1 foot. In this manner driving is continued until the top of the tube comes below 
the hole in the tripod head, or top plate. Immediately it reaches this point the lengthening-bar. Fig. 
4289, is brought into requisition by dropping its small end into the top of the well-tube. The object 
of this lengthening-bar is to keep the tube steady, and to enable the operator to have a temporary 
guide for Uie mo^ey to slide on, until the well-tube has been driven into the ground to within a 
foot of its entire length. A hollow iron plumb is lowered into the tube, so as to ascertain whether 
water has been reached, or whether earth of any kind has got into the tube. This indicates what 
depth of earth or water stands in the tube. If neither is present, the iron plumb will strike plainly 
on the bottom of the tube; should earth be present, by allowing the plumb to strike on it once or 
twice, some will adhere to the bottom, and thus indicate the nature of the soil. 

When the accumulation in the well-tube is of a loose, sandy nature, if wet, it can best be with¬ 
drawn by means of the pun^, which, with the redudng-socket, can be coupled on to the top of the 
cleaning-out tubes. When this is the case, before screwing on the pump, the funnel, Fig. 4290, 
should be screwed on the top of the well-tube, so that, if necessary, water can be poured down the 
well-tube, when, by pumping, sand and mud will be pumped up; and by continuing to pour fresh 
water down the tube, and pumping up through the small tubes, all the earth can be removed. 

When water is struck, and stands several feet in the tube, the pump. Fig. 4291, can be applied. 
Fig. 4292 shows a well-tube that has been driven, and the soil disintegrated around the perforations. 
Fig. 4293 shows the mode of driving the tube without use of supporting standards. 

The process is not by any means confined to well-sinking purposes. Iron piles can be driven most 
effectually, particularly where there is a great depth of water, it being quite practicable thus to drive 
piles 60 ft. or 100 ft. below the surface of the water. On a smaller scale the plan is also well 
adapted for driving telegraph-posts with rapidity for military or permanent purposes, as well as 
tabular posts for wire or other fencing. The uses to which the smaller sizes of tube-wells are adapt¬ 
ed are very various; to a great extent they supply an important want of the present day in famish¬ 
ing pure water for domestic use, and thus replace the old dug wells, which in most rural districts are 
found contiguous to cesspools, and with few exceptions are more or less contaminated by sewage. 
In numerous instances, by driving one of these tube-wells some 16 ft. or 20 ft. below surface 
springs, a pure supply can be obtained, for these tubes are found to perfectly shut off all communi¬ 
cation from the impure water in the upper seam. To give an instance out of many hundreds, at 
Brandeston Hall, in Suffolk, England, the dug well which supplied the household being found to be 
impure, thereupon a tube was driven, and, after passing a very compact bed of clay some 20 ft. 
thick, chalk was met with at 36 ft, and an abundant supply of perfectly pure water obtained. 
The smallest-sized wells are advantageous for manufacturing purposes, for supplying moderate-sized 
boilers with feed-water, not only in rural districts, but in towns suppli^ by water-works, thus saving 
heavy water-rates. Many are thus in use for similar purposes, even in the very heart of London 
and New York, springs being found to exist in many spots where it might have been expected that 
deep sewers h^ drained away all the land-springs overlying the London clay. As it is not uncom¬ 
mon for a l^inch tube to yield from 600 to 600 gallons per hour, constant pumping, contractors, in 
erecting large buildings, find them very useful both for supplying their engines and for mixing 
mortar, and on the completion of the contract they are taken up ready for use elsewhere. This 
feature of being readily transportable from place to place renders them invaluable for railway con¬ 
tractors, and especially so for exploring expeditions. Sir Samuel Baker and others having employed 
them in Africa and elsewhere for that purpose. Another use to which they are daily put is for testing 
ground to ascertain how deep water lies below the surface, to test the quality and quantity obtain¬ 
able before sinking larger permanent tube-wells. It will readily be seen how valuable such a rapid 
means of obtaining such data becomes, as, before purchasing land for any purpose, the primary ques¬ 
tion of water-supply can thus be settled. (See Enginter^ xliv., 1143.) 

The depths of some of the principal artesian and other wells of the world are as follows: Speren- 
berg, Prussia, 4,170 ft.; Passy, France, 1,913 ; brine well, Kissingen, Bavaria, 2,000 ; Chicago, Ill., 
700; County Buildings, St. Louis, Mo., 3,236; Belcher’s sugar refinery, St Louis, Mo., 2,197; 
Charleston, ^ C., 1,260. Artesian wells in the ^hara Desert average about 200 ft. 

WINDMILLS.* Windmills can be divided into two general classes according to the inclination 
of the shaft: 1. Horizontal mills, in which sails are so placed as to turn by the impulse of the wind 
in a horizontal plane, and hence about an axis exactly vertical; and, 2. Vertical mills, in which the 
sails turn in a nearly vertical plane, i. e., about an axis nearly horizontal 

Horizontal Windmills. —On account of the many disadvantages connected with the horizontal 
windmill, it is but seldom brought into use, being employed only in situations in which the height of 
the vertical sails would be objectionable, and this is liable to occur only in extraordinary cases. In 
this kind of mill six or more sails, consisting of plane boards, are set upright upon horizontal arms 
resting upon a tower and attached to a vertical axis, passing through the tower at its middle part. 
If the sails are fixed in position, they are set obliquely to the direction in which the wind will strike 
them. Outside of the whole is then placed a screen or cylindrical arrai^ement of boards intended 
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to revolve, the boards being set obliquely and in planes lying in opposite courses to those of the saQi. 
The result is, from whatever direction the wind may blow a^nst the tower, it is always admitted by 
the outer boards to act on the sails most freely in ^at half of the side it strikes, or from whidi the 
sails are turning away, and it is partly, though by no means entirely, broken from the sails which in 
the other quadrant of the side are approaching the middle line. 

The great objections to the horizontal windmill are: first, that only one or two sails can be effec¬ 
tually acted upon at the same moment; and, secondly, that the sails move in a medium of nearly the 
same density as that by which they are impelled, and that great resistance is offered to those sails 
which are approaching the middle. Hence with a like area of sails the power of the horizontal is 
always much less than that of the vertical mill. Smeaton estimated the former at one-tenth only of 
the latter; but Sir David Brewster, showing that in this he overlooked the loss in vertical milla of 
one component of the wind’s pressure, concluded that the ratio is no less than 1 : 3 or 4. 

Wind as Moixvt-Power .—When the density of air is uniform throughout, the atmosphere remains 
at rest; but, as soon as this equilibrium is destroyed, a movement results which takes the name of 
wind. If in one part of the atmosphere the air becomes more dense, it rushes toward that part 
whose density is less, in the same manner that the air compressed in a pair of bellows escapes by its 
orifice. These currents of air are caused directly or indirectly by differences of temperature at dif¬ 
ferent times and localities, giving rise to changes of density and varying the production and conden¬ 
sation of watery vapor. The variations in the velocity and pressure of the wind are considerable 
even within a brief time, and sometimes sudden and extreme. Winds of immense velocity and 
pressure are on record. A veiy violent gale in Scotland registered by an excellent anemometer a 
pressure of 46 lbs. per square foot. During the severe storm at London on Feb. 6, 1867, the ane¬ 
mometer at Lloyd’s registered a pressure of 36 lbs. to the square foot. The gauge at Girard College, 
Philadelphia, broke under a strain of 42 lbs. per square foot, a tornado passing at the moment within 
a quarter of a mile. At the Central Park Observatory, in the middle of March, 1876, a wind was 
recorded of 28.6 lbs. per square foot pressure. 

The tables from which ^e pressure corresponding to a given velocity of wind is generally ob¬ 
tained are not trustworthy, as they do not take into account the effect of temperature. Mr. Alfred 
B. Wolff, M. E., was the first to compute a table in which the effect of temperature received its due 
consideration, and of which the following is a summary: 


Tabu sluivdng Vdociiy and Pressure of Wind. 


VaLOOITT OF WIHD. 

PBKasuax 

Ur POUW08 PKK BQUARX FOOT OF PLAlfX BITBFAOB WTHSW P = 
TKMPBaATirBB OF WIHD = 

2116.5 AMD 

MIIm 
per Hoar. 

Feet 

per Second. 

0* F. 

»• F. 

40* F. 

M* F. 

80* F. 

IW F. 

1 

1.4ff 

.00&8T1 

.005147 

.004940 

.004750 

.004574 

.0(V1410 

2 

2.984 

.021482 

.02o586 

.019761 

.019001 

.016294 

.017641 

8 

4.8i>4 

.048885 

.046818 

.044466 

.042751 

.041166 

.039694 

4 

6.661 

.085980 

.082845 

.079048 

.0760(« 

.078185 

.070668 

6 

7.8S4 

.184271 

.128668 

.128514 

.118759 

.114855 

.110267 

6 

8.80 

.198854 

.185287 

.177867 

.171017 

.164675 

.158784 

7 

10.261 

.268186 

.252206 

.242112 

.282760 

.224148 

.216140 

8 

11.784 

.843767 

.829428 

.816228 

.804060 

.292n4 

.282265 

9 

18.20 

.486>88 

.416945 

.400248 

.8S4828 

.870555 

.857805 

10 

14.664 

.587189 

.614772 

.494151 

.476121 

.457498 

.441195 

11 

16.1P4 

.650086 

.622908 

.597955 

.574928 

.558600 

■568815 

12 

17.60 

i .778645 

.741867 

.711656 

.684244 

.658865 

.685801 

18 

19.061 

.909020 

.870122 

.886260 

.808085 

.778296 

.745689 

14 

20.634 

1.053166 1 

1.010206 

.968770 

.981449 

.896879 

.864814 

15 

22.00 1 

1.209087 

1.168616 

1.112190 

1.069847 

1.029670 

.992MI 

16 

28.464 

1.875799 

1.818854 

1.265528 

1.216768 

1.171621 

1.129707 

IT 

24.084 

1.558278 

1.49S425 

1.42S7S6 

1.878721 

1.822751 

1.27M29 

18 

26.40 ! 

1.741556 

1.668-89 

1.5<U951 

1.540180 

1.488066 

1.429470 

19 

27.864 

1.940684 

1.869596 

1.786056 

1.716260 

1.652571 

1.698489 

20 

29.804 

2.150516 

2.060706 

1.978095 

1.901868 

1.881270 

1.7657-fO 

25 

86.664 

8.862250 

8.221749 

8.092521 

2.978261 

2.662857 

2.760859 

80 

44.00 

4.845284 

4.642662 

4.456811 

4.284844 

4.125157 

8.97^871 

86 

61.884 

6.600829 

6.824565 

6.070498 

5.886055 

5.619046 

5.417590 

40 

6^.664 

8.680851 

8.268791 

7.986807 

7.627948 

7.845581 

7.082012 1 

45 

66.00 

10.98^V22 

10.476877 

10.0N5156 

9.666070 

9.805975 

9.971746 

50 

78.884 

18.618265 

12.950&S5 

12.428668 

11.947179 

11.501614 

11.086085 

60 

88.00 

19.525804 

13.702998 

17.947145 

17.260C17 

16.605025 

16.006591 1 

60 

11T.8^4 

84.951530 

88.497800 

82.18892 

80.87715 

29.71502 

28.868716 | 


In making these computations attention was paid to the facts that the pressure depends upon 
both the velocity and the density of the air, and that this density depends ui>on the temperature, the 
barometric pressure, and the pressure due to the motion of the air. This table is for the average 
height of barometer, and for any other barometric pressure the figures in the table must simply be 
multiplied by the ratio of this barometric pressure reduced to its value for temperature of air 
(32* F.) to 2il6.6. Thus, letting p» = barometric pressure at any absolute temperature ^ then ^ = 

p» X t p 

-, and the tabic must be multiplied by-* 

491.4 2116.6 

Examples, —1. Let the velocity of wind = 16 miles per hour, the barometric pressure = 14.9 lbs, per 


square inch (2145.6 lbs. per square foot), and temperature of wind = 80* F. 


Then p =- = 

491.4 
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2145.6 X (469.4 + 80) 

-——-= 2365.2. From the table we find the pressure of wind corresponding to a 

velocity of 15 miles per hour, and at a temperature of SO"* F., to be equal to 1.029670. This quan- 
p 2865.2 


tity must be multiplied by - 


Therefore the pressure of wind corresponding to a 


2116.5 2116.5 

velocity of 16 miles per hour, barometric pressure 14.9 lbs. per square inch, and temperature 80® F., 
1.029670 X 2366.2 

equals-= 1.145797 lb. per square foot of plane surface. 

2116.5 

2. Let the velocity of wind = 20 miles per hour, the barometric pressure = 14.2 lbs. per square 

/>! X ^ 

inch (2044.8 lbs. per square foot), and temperature of the wind = 40® F. Tlien p =-= 

2044.8 X (489.4 + 40) 

-- - -= 2078.1. From the table we find the pressure of wind corresponding to a 

velocity of 20 miles per hour, and at a temperature of 40® F., to be equal to 1.978096. Therefore 
the pressure of wind corresponding to a velocity of 20 miles per hour, barometric pressure 14.2 lbs. 

1.978C9J X 2078.1 

per square inch, and temperature 40® F., equals-2116 6-~ 1.422480 lb. per square foot 

of plane surface. 

WiNDKiLLS—The building of a vertical windmill is an ordinary tower of wood or stone, 
the latter commonly in the form of a frustum of a cone. The principal parts of the mill are: 1. 
An axle in the top of the building, inclined (as observation has shown that the impulse of the wind 
is veiT commonly exerted in lines descending at such angles) to the horizontal at angles from 10® 
to 15 , and on which are the sails; 2. The sails, consisting of frames with canvas stretched upon 
them, which, if four in number, are fixed in positions at right angles to each other, and are generallj 
SO to 40, and sometimes 60 ft in length; 8. A large toothed wheel upon the horizontal axle, th« 
teeth of which engage with those of a pinion upon—4. A vertical shaft, from which motion is im¬ 
parted to the machinery. 

Several methods are in use for bringing the axis of the windmill in the line of the wind, so that 
the sails may receive the most direct impuLM from whatever point of the compass it may come. The 
early mills were immovable, and could only work when the wind was in one quarter. The first im¬ 
provement was made by setting them on a fioat which could be turned around so as to catch every 
wind. German or post mills were formerly employed when the mill was of timber and of small 
size. The tower was fixed upon a strong column entering its base, which was sufficiently elevated 
to allow the turning of the tower as desired, by means of a long and stout lever projecting from it 
below, and pushed by a person on the ground. On account of the manual labor required, and the 
superiority and automatic action of the Dutch mill, the former kind has now gone out of service in 
Europe. In Dutch mills the dome only is turned, carrying the axle and sails with it into the required 
position, while the vertical toothed wheel merely travels about the pinion, and the connection is not 
broken. In order to allow the dome to turn, and at the same time to secure it in position, it is most 
usual to construct the tower open at the top, this opening being strengthened by a wooden rim run¬ 
ning completely around it; and on the upper surface thus exposed is a groove in which small circu¬ 
lar metallic casters or rollers are placed to turn on horizontal axes. The dome is made with a cor¬ 
responding groove on its under side, so as to rest upon the rollers and turn on them; while it has 
also a flange projecting downward, surrounding the rim of the tower, small vertical rollers being here 
also usiially fixed between the two. Thus the dome can be turned with a slight effort into any re¬ 
quired position, and by appropriate means can be fixed if desired. The turning of the dome was 
formerly done by the employment of a toothed wheel, engaging in a rack on its inner side, and 
turned by means of an endless cord; but at the present time either of the following methods is em- 
ploved. 

Method» of R^gttUUion of the Wheel, —Cubitt^s method consists of a set of small vanes placed in 
an upright position, upon a long arm or frame projecting in the same line with the horizontal axis, 
but on the opposite side of the dome, the vanes nearly in the direction of the axis at right angles to 
the plane of the sails. By their revolution, the vanes turn a shaft and pinion, and findly act upon 
teeth surrounding the exterior of the dome, moving it until the wind no longer strikes the set of 
vanes, when the sails will be exactly in their best position to receive the impulse of the wind. A 
meth<^ much more simple and just as effective is found in the use of a large, strong, and flexible 
vane or “ rudder,** projecting opposite the axis and sails, the plane of the rudder being vertical, so 
that the wind, however shifting, acts directly upon this to bring the sails into the required position. 
The variations in the intensity of the wind being considerable, often so within a brief time, and sud¬ 
den and extreme, it becomes necessary to have means provided for regulation, as the motion of the 
machinery must be uniform to perform a constant quantity of work. One method formerly em¬ 
ployed was the use of a friction-strap applied to the outside of the wheel on the horizontal shaft; 
but this has entirely given way to the means of regulation by change of extent of surface offered to 
the wind, by increase or decrease of the amount of cloth of the sail. The latter was formerly effected 
by having a rope attached to each sail, or having the canvas made in three portions, controlled by 
separate ropes; and much trouble and delay were occasioned, as the mill required to be stopped, and 
a man had to ascend the sails separately to take in or let out canvas. In 1780 Mr. Andrew Meikle 
devised, for reefing the sails when the mill was in motion, a most ingenious application of the cen* 
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trifugal governor, namely, a sliding piece which operated upon rollers placed tranversely with the 
arms, and wound up or reefed the canvas sails when the sails attained too great a velocity; and the 
unfurling of the sails or increasing their speed was accomplished by a wei^t, which actuated a rod 
passing through the centre of the main axle, operated centrifugally on the sliding frames, and then 
unwound the canvas when the motion of the sails was too much retarded. This automatic reefing 
apparatus imparted to the windmill a precision of motion little inferior to some of our modem steam- 
engines ; and by varying the weights for unfolding the sail, the power of the mill could be increased 
or diminished with facility. In the early part of the present century Sir William Cubitt devised a 
mode of reefing the sails of windmills by introducing movable shutters on the sails of the mill, 
which shutters are closed by a governor, like that of a steam-engine, operating upon a rod passing 
through the centre of the main axle. These shutters are suspended on pivots fixed about one-third 
of their breadth from one side, and when the wind is blowing too strong it opens the shutters and 
allows a portion of the wind to pass through them, and so che<^8 the velocity of the mill. 


4m. 



American Windmills differ from those of European eonstruetion essentially in the form of wheel 
receiving the impulse of the wind. There are two methods in operation to regulate the extent of 
surface offered to the wind, viz., that of the centrifugal governor, and that of a ** side vane,” which 
is nearly in the plane of and directly behind the wheel, and attached to the bearing of the shaft 
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The latter, the more recent method, has given great satisfaction, while the former answers well when 
care is taken in the design that the momentum of the moving parts is properly counterbalanced. 

Construction of Windmills. — Cenirifugal-Oovtmor MilU ,—The construction of a Corcoran mill, 
having a solid wind-wheel 12 ft. in diameter and sidc-vane regulation, is represented in Fig. 4294. 
The parts are as follows: wind-wheel, UK; side-vone, N; flexible rudder, M; weighted lever, 
26; connecting link, 10; slide, 24—all concentrated in iron frame 1. 17 is the supporting piece, 
fac^ on top and bored out to receive the frame 1, having a flange on top to hold lubricating com¬ 
pound, and being secured to the mast by four bolts. A flange also extends half way over the top of 
the mast. At 18 is an additional support bored out to flt 1, and secured to the post by two bolts. 
The main frame of the mill consists of a piece of hydraulic tubing, with a bearing to support the 
wrind-wheel shaft resting on an anti-friction washer; it is held in place by a cap, 16. The object of 
this tubing coming down the mast as far as the windmill arm / is to give the main frame of the 
windmill equal leverage, with the strain brought upon the arm, and thereby 
prevent any rocking motion of the mill on the mast in unsteady winds. At 
27 is the rudder-bar, and at 28 the truss-rods, which support the rudder-vane. 
At 10 is a wrought-iron connecting link with ends babbitted to flt pins on the 
crank-wheel and slides 26 is a wrought-iron lever bolted to the piece 19, 
which works on a stud-pin on the rear of the frame. The chain 86 is con¬ 
nected to the stop-rod 26, which is secured to a small lever on the mast near 
the ground. By bearing down on the lever the wheel is brought around par¬ 
allel with the rudder, thus presenting only the ends of the slats to the wind. 
The arms I are bolted to a centre-piece 4 as shown. The wind-wheel is of 


4296. 



the “ rosette ” pattern, and runs independent of ;iny 
other part of the machine. In high winds, the increased 
pressure on the independent side-vane N causes the 
wind-wheel gradually to turn round away from the wind, 
and raises the weighted lever 26. It is claimed that a 
uniform rate of sp^ is thus maintained, proportioned 
to the position of weight 18 on the lever. 

A form of rosette wheel of the centrifugal-governor 
type is represented in Figs. 4296 and 4296. The wind- 
wheel consists of radial arms bolted to a cast-iron centre 
or hub. Upon these arms are hung fan<like sections 
made of thin slats of wood, which in the inner sections 
are set at an angle of 46'*, and in the outer sections at 
an angle of 86° with the plane of the wheel, the varia¬ 
tion being made to allow for the difference in velocity 
on account of greater or less distance from the centre 
of the wheel. Fig. 4296 is a side view of the windmill 
secured to a tower, showing the vane A, by which the 
wind-wheel is held in position to receive the wind, with 
its supporting rods, and also the levers and (7, by 
which the sections are turned to take more or less wind. 
Fig. 4296 shows a portion of the wind-wheel, consisting 
of the central hub to which are aflSxed the radial arms 
EEE, Upon these are hung by boxes and adjustable gudgeons the fan sections FF, The section- 
bars are also shown in the margin, turned so as to exhibit the angle at which the slats are placed. 

The operation of the mill is easily seen. As the wind strikes the sections, the angles at which the 
slats are placed allow the wind to pass them after first imparting a rotaiy motion to the wheel. 
Should the wind be so strong as to give too high a velocity to the wheel, the governing balls O Gy 
acting through the rods R R and levers BBy will turn the sections upon their axes FFy so as to pre¬ 
sent a less surface to the wind; but as soon as the motion decreases, the counterweight W will draw 
the sections again into position to receive the wind. The speed of the mill is thus regulated, as is 
seen, by the reciprocal action of the governing and counterbalancing weights. The latter can bo 
adjusted so as to vary the speed of the mill to some extent. The motion ^us given to the seif-regn- 
lating wind-wheel is communicated to other machinery through the horizontal shaft Ky one end of 
which is sustained between friction-rollers and the other in a babbitt-metal bearing. If the motion 
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desired to be conveyed is rotary, it is transmitted through gearing as represented in Fig. 4295. But 
if, as is most usual with windmills, it is desired to give reciprocating motion for pumping, a crank is 

4m 




fixed to the end of the shaft. The crank-pin when on its upper and lower centre must be in a line 
perpendicular to the centre of the turn-table and the support-casting, upon which the mill is carried 
on friction-rollers. From this crank-motion is conveyed by a pitman with a universal or 
■ --I ball joint to levers and rods below working the pump. On all mills below 30 ft diame¬ 
ter the main or horizontal shaft is placed level; in larger mills the shaft is indined at 
-' about 15** to the horizontal. 

H eature of the centrifugal-governor type of mill represented in Fig. 4297 
mt of its regulating gear, consisting of the sliding head i>, elbows )' 
;ions. The inner end of each elbow is connected to the sliding head bj 
the connections from the extremities to the sails being made by means 

of “ regulation rods B ', on the oat- 
* er ends of which arc secured the 

governing balls W\ 

Vane-Oovfmor Mill .—The Kewa- 
I nee mill, represented in Fig. 4298, is 

I one of the best forms of the solid- 

p wheel mill using a vane-governor. 

I P vTI /yd wheel, the slats of which arc 

X ^ placed at equal distances apart, coro- 

I municates motion to a crank. The 

» ^ _ f/X / crank-shaft has a bearing on each 

" y ' Tj Bide of the point at which the work- 

“TH • strain is applied. The plun^- 

k V works direct from the connection 

V-' ' around the crank, and 

^ is always in the same position, no 

\ swivel being required. The govem- 

^ ing vane is held normally in a perpen¬ 

dicular position by its own weight 


The effect of wind-pressure is to raise it to a horizontal position, as shown in Fig. 4298. When so 
placed the vane, by means of the connecting-rod By turns the wheel edgewise to the wind. The 
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adjustable weight C on the vane>arm allows of the resistance of the vane being nicely regulated, so 
that the vane will not become horizontal until the wind attains a force likely to injure the wheel. 
The wheel can be turned edgewise to the wind by hand through the rod which is suitably con¬ 



nected with it. To this rod a chain is attached, which after passing over a pulley leads down to a 
lever near the ground. 

Experiments on Windmills. —^The most trustworthy experiments to determine the best shape of 
sail for a given area of surface are those made by Mr. John Smeaton. These have led to the estab- 


4299. 
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and one-sixth reckoning from the centre is called 1, the extremity being denoted 6. No. 1, 2, 3,4,6, 
6 angles with the axis 72®, 71®, 72®, 74®, 77i®, 83® angle with the plane of motion (angle of weather); 
18®, 19®, 18® middle, 16®, 12^®, 7® extremity.” These angles are those quoted in text-books and 
engineering pocket-books, as the hast angles of impulse and weather as determined by Smeaton; but 
it must be expressly understood that Smeaton does not term them the hesi angles of impulse, but 
simply says they arc as good as any (probably any that were in existence at the time); and even this 
statement is too general, and must be taken with due allowance. Mathematical considerations show 
conclusively that the angle of impulse depends on the relative velocity of each point of the sail and 

V 

the wind, the angle growing larger as — becomes greater. It will be noticed that Smeaton’s angles 

c 

do not fulfill this condition, the angle of impulse at No. 2 being less than at No. 1, while the Telodty 
is twice as great. 

Coulomb’s experiments consisted in the accurate determination of the work actually performed by 
a windmill of given dimensions with a certain velocity of wind, and would serve as an excellent 
standard to test the results obtained by calculations ba^ on theory, had proper care been taken to 
determine the velocity of the wind at the same time that the mecha^cal effect was being measured. 
Since, however, the method by which the velocity of wind was determined could not exclude a slight 
error, and the velocity of wind obtained may have differed somewhat from that with which the wind 
struck the mill, no anemometer being employed, the experiments unfortunately lose the great value 
wliich they would have otherwise possessed. 

Mr. Wolff has developed the theory involved in the construction of windmills, in a series of papers 
published in the Engineering and Mining Journal^ September and October, 1S76. The diagram, 
Fig. 4299, showing the best ”angles of weather” and ”impulse,” is a graphic representation of the 
conclusions reach^ by him. In this figure, the ordinates represent the best angles of weather and 
impulse expressed in degrees, the abscissas, and the ratio of the velocity of the wind to the velocity 
of the windmill sails. Thus, assuming the velocity of the wind to be 31.416 ft. per second, the diam¬ 
eter of the wheel to be 35 ft, and the number of revolutions per minute to be made to equal 30, the 
velocity of the wind-wheel at a point 2| ft. from the centre of the shaft will be 7.854 ft. per second; 
at 5 ft. from the centre, 15.708; at 7i ft., 23.562, etc.; and the ratio of the velocity of the wind to 

V 

the velocity of the sail — will at 2^ ft. from centre of shaft equal. 25 ; at 5 ft., .50; at ft, .75, eta 

c 

The best angle of weather, i. e., the angle which the sail makes with the plane of motion of the 
wheel, equals therefore, at a distance 2^ ft from the centre of the shaft, 37* 69'; at 6 ft. from the 
centre, 31® 43'; at 7^ ft, 26® 34', etc.; and the best angle of impulse, i. e., the angle with which the 
wind strikes the sail, equals at a distance of 2^ ft. from the centre of the shaft 52^ 1'; at 6 ft from 
the centre, 68® 17'; at 7i ft, 63® 26', eta 

WIRE, MANUFACTURE OF. The ’first operation in wire-making is that of rolling a rod from 
the solid bar, which is usually from 1^ to If in. square. The bars, if of iron, are heated in a fur¬ 
nace to a welding heat; if of steel, they are brought to a bright cherry-red, and are then passed 
through the rolls a number of times, the size at each rolling becoming reduced and the len^ in¬ 
creased,. until the dimensions arc suitable for the size of wire to be pr^uced. Each rod, or rather 
coil^ in turn is then brought to a forge, where one end is heated and hammered to a point by hand. 
If the wire to be made is to be of fine gauge, necessitating several drawings, the metal is softened 
by annealing in a suitable furnace, after which it is cleaned. The cleansing process consists in 
dipping the coils in vats containing dilute sulphuric acid until the surface is sufficiently attacked. 
The further action of the acid is arrested by dashing a mixture of lime and water over the coils as 
they lie upon the ground. After diying in a large oven, the wire is ready for the drawing process. 

The draic-plaie is simply a piece of very hard steel, which is firmly affixed to the table or bench. 
From the flat side of this plate (at which they have their larger extremity) to the opposite side 
(which is not necessarily a truly flat surface) several conical holes are pierced, their smaller ori¬ 
fices being carefully finished to the sizes they are respectively intended to give to the wire drawn 
through them. The holes in each plate are made successively smaller by minute gradations, so 
that the reduction of the wire and the effort required shall be, at the successive drawings, as 
nearly uniform as possible. The draw-plate is usually about 10 in. long and li in. thick, and it 
is made with great care. In France it is formed by repeatedly fusing and hammering, to insure their 
complete union, the two lateral parts of a compound bar, one part being of wrought iron and the 
other of a sort of steel called potin^ previously obtained by melting to a paste fragments of cast-iron 
pots with white-wood charcoal, throwing this into cold water, and repeating the melting and sudden 
cooling ten or twelve times. When the union of the two parts is complete, the plate is reheated and 
extended; and it is then several times heated and punched with successively smaller punches to 
secure tapering holes; though these, which are of course smallest at the steel or hardest side, are left 
to be finished in the cold plate by the wire-drawer himself. For extremely fine wire, the draw-plates 
are sometimes made of the hardest precious stones. With a plate having a hole pierced through a 
ruby of 0.0033 in. diameter, a silver wire 170 miles long has been drawn so nearly uniform that 
neither the micrometer nor the weighing of equal lengths at the two ends showed any difference in 
size. Generally, however, for steel-wire draw-plates, a very hard steel, known as savage or wild steel, 
and made out of pig metal, is employed. 

Wir€~Drawing.^l:\iQ workmen stand before a bench on which are a number of cylinders. These 
are heavily built, and are rotated by vertical shafts which extend under the bench. Just below each 
drum is a cam which acts upon the pivoted lever. To the end of this lever is fastened a chain 
which is attached to nippers or to a dog. Having thrown his coil over a reel, the woriunan inserts 
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the pointed end as far as possible through the proper hole in the draw-plate. Then, with the dog, 
he grasps the extremity which protrudes through, watching his chance to do so as the cam in turn¬ 
ing allows the nippers to be moved to the right. As soon as a firm hold of the wire is obtained, the 
cam in its revolution acts upon the lever with great power, and thus the wire is dragged through the 
plate for several inches. The nippers are loosed, and a fresh grasp is obtained close to the plate; 
and this is repeated until a sufficient length of wire is made to allow the end to be carried to the 
cylinder and there secured in the vise provided for the purpose. The cylinder, meanwhile, is out 
of action; but as soon as the wire is fastened to it, the workman presses a treadle, a clutch connects 
the cylinder and shaft, and the latter slowly rotates, thus drawing the wire continuously through 
the plate. Should the wire break, the machine is stopped, the end repointed, and the operation 
already described begun again. T^ continues until the rough rod is all drawn down to a neat 
cylindrical wire, which, however, is yet considerably too large in diameter. To reduce it, a second 
drawing through smaller holes is required; and if the wire is to be very fine, sometimes as many as 
24 drawings are had, annealing in such case taking place between each drawing. 

Instead of the apparatus described, wire is sometimes drawn on the old-fashioned draw-bench, for 
which see Coining Machinebt. The immense quantities of steel wire used for the East Kiver Bridge 
(see Bridges) were made in the manner above detailed. 

Oalveminng Wire ,—Galvanizing (or more properly zinking) wire is done as follows—the descrip¬ 
tion relating to the wire used in the construction of the East River Bridge, between New York and 
Brooklyn: ^e wire is led over rollers into a bath of dilute muriatic acid heavily charged with zinc. 
The acid bites a clean surface, and it is supposed that some zinc is precipitated on the wire, which bet¬ 
ter insures the deposition of the melted ^c, through a large bath of which the wire is subsequently 
led. The zinc covering of course protects the wire from oxidation and effects of the weather. The 
wire is next led to large reels, whereon it is made into coils, each containing 840 ft., weighing 60 lbs. 
and measuring some 4 ft. 6 in. in diameter. All the wire is required to be straight wire; that is to 
say, when a ring is unrolled upon the floor, the wire behind must lie perfectly straight and neutral, 
without any tendency to spring back in the coiled form. In order to produce this straight wire, the 
patented process of Col. \V. H. Paine, assistant engineer of the bridge, is used. The wire is led 
from a point within the galvanizing trough in a straight line, under considerable tension, to a guide- 
sheave or winding-drum, located at such a distance as to permit the wire to be cooled and set before 
it is coiled thereon. The size of the drum is such as to cause no permanent bending of the wire. 

Utilizing Waste ,—There is an interesting process in the way of utilizing waste connected with 
this wire manufacture, which may well be noted here. Of course, in cleaning large quantities of 
wire, very large amounts of sulphuric acid are needed, and the vats need constant replenishment, as 
the acid becomes charged with impurities. There is, besides, in a factory of this kind, a great deal 
of waste metal and scrap of all sorts. In order to utilize both varieties of refuse, the acid is turned 
into a huge vat and there boiled by steam down to a proper density. Into it the scrap metal is 
thrown, and the whole is heated together. Then the green resulting liquid is run off into tanks and 
allowed to cool. The acid and iron both disappear; but instead, on pieces of wood suspended for 
the purpose in the cooling tanks, appears a copious deposit of sulphate of iron (copperas), a sub¬ 
stance of commercial value. 

For sizes of wire, see Gauge, Wire ; for strength of wire. Wire Rope. See also WiRE-roRViNO 
Machinery. 

WIRE-FORMING MACHINERY. Apparatus for straightening, cutting, or bending wire into 
various forms. 


4300. 



RoU Wire-Straightener, —Fig. 4800 is an apparatus for straightening wire by rolls, which are 
adjusted by means of thumb-screws to bear heavily on the bends of the wire as the same is pulled 
through. The device is designed for attachment to another machine. 


4301. 



Rotary Wire-Straightener, —Fig. 4301 is a sectional view of another device for straightening wire, 
Aking the same directly from the coil or bundle. The engraving shows the method of adjust!^ the 
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dies. Those at the ends (1) are set with their wire grooves central with the holes where the wire 
enters and leaves, and the central die (2) a little out of line. The machine, being properly adjusted, 
is made to revolve at a speed of 8,000 or more revolutions per minute, according to the size of the 
wire, which is then pass^ through; the jerking motion produced by the central die being set out 
of line has the effect of straightening out curves and crooks in the wire. 

AtUomaiic Wire-Slraiffhteninff and-Cutting Machine. —^Fig. 4302 represents a macdiine for straight¬ 
ening and cutting wire, so made that the outer end of the wire is prevented from sagging or bending 

before the piece is divided. The wire 
enters through a rotary straighten- 
er, passes through feed-rolls, and is 
impelled by them through the bash¬ 
ing die and against a gauge or stop 
on the cut-off lever. The part serv¬ 
ing as a fulcrum-pin for this lever 
extends in the form of a shaft to 
about the length that the machine 
is intended to cut. The guide-bar 
above and forward of this shaft is 
also connected with the cut-off le¬ 
ver, and has a groove of about the 
size of the wire to be cut along its 
entire length. An adjustable gauge 
at its outer end is connected by a 
wire with a clutch on the cam¬ 
shaft; this shaft does not revolve 
until the wire, passing through the 
Btraightener feed-rolls and bushing die into and through the groove in the guide-bar, strikes the 
gauge and pushes it out a little, thereby pulling the wire and throwing in the clutch, when the mo¬ 
tion of the constantly rotating balance-wheel is communicated to the cam-shaft, and the cut-off 
lever is made to work. The simultaneous motion of the long shaft or fulcrum-pin, by means of 
the small levers and springs above the guide-bar, throws a cover off the groove, and the wire that is 
cut off drops into the forked receptacles below. These are mounted on a longitudinal piece of 
wrought tubing fastened in the body of the machine, and those nearest the ends have upward exten¬ 
sions of the rear prong, affording bearings for the long shaft and supports for the device for uncov¬ 
ering the groove. The handle on the small shaft above the guide-bar is for use in case the last end 
of any coil of wire should not be long enough to reach the gauge, in which case it will remain in 
the guide-bar, and a depression of the handle will cause the cover to be lifted off the groove, when 
the piece can be taken out. Wire can be cut on this style of machine very rapidly, one intended for 
cutting three-eighths and smaller wire in lengths of 16 ft. or less having cut six such lengths per 
minute while running at a moderate speed. 

Automatic Machine for Straightening^ Cutting^ and Milling Wire. —^Fig. 4803 represents a ma¬ 
chine for cutting wire in short lengths, and preparing one or both ends for use as butt-pins, bolt- 



4808 . 



shanks, and similar articles. The wire enters through the roll straightener, and is carried forward 
by the gripper-feed to the cutter-head, when a cam in the middle of the main shaft raises a cutting 
tool just sufficiently to hold it in place while the milling tool produces a point or shoulder, according 
to its design, when the continued action of the middle cam raises the cutting tool still farther and 
cuts the piece off. At the same time the newly cut end is pressed against a die above, bending, flat- 
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tening, squaring, or nicking it, according to the shape of the tools. The slide carrying the milling 
derioe is moved by a third cam on the long shaft, the tool receiving motion by means of a small 
pulley; and as soon as the operation above describe is complete, the milling attachment slides back, 
the cutting tool returns to its previous position, and the feeing carriage retires to bring up a fresh 
supply of wire. This ma* 
chiim cuts wire of three- 
eighths of an inch or less 
diameter in lengths of 8 in. 
or shorter, and finishes the 
ends as described above at 
the rate of 30 per minute. 

Automalic Wire-forming 
Fig. 4304 rep¬ 
resents a machine that 
straightens wire, cuts it in 
suitable lengths, and forms 
it in various shapes, such 
as common rings, buckle 
frames and tongues, hog- 
rings, etc., according to the 
nature of the forming tools 
or dies used. The machine 
may have three or more 
forming motions, operated 
by cams set on shafts whose 
bearings are fastened on the 
sides of the bed of the ma¬ 
chine, and motion is com¬ 
municated from the one car¬ 
rying the driving-pulley to the others by bevel-gears at the comers. Articles like those mentioned 
above arc turned out at one operation at the rate of 125 and upward per minute. 

Fig. 4305 represents another and simpler form of this machine, adapted only for the production 
of such articles as shear-point and pointless staples, coffin-handle wires, some kinds of fence-barbs, 
etc. The wire is straightened and carried by feed-rolls through a tube into the place where it is 
to be formed. Here a gauge regulates the length, and a slide carrying a forming tool with cutter 

attached, the whole operated by a cam on the 


4805 . 


shaft of the driving-pulley, comes forward and 
cuts off the wire, and forms it in shape accord¬ 
ing to the nature of the tool, pressing it against 
a suitable die. A cam on the end of the driv- 


4306 . 


ing-wheel shaft, operating on a lever beneath, produces a varying pressure on the feed-rolls, causing 
an intermittent feed, which stops when the wire is fed out to the gauge, and begins again as soon as 
the wire is cut off and formed. Articles such as those mentioned above are turned out at the rate of 
200 or even more per minute. 

Cold-RoU Pointing Machine. —^Fig. 4306 represents a machine for producing round, square, fleam. 
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Automatie Barbed-Staple Machine. —Fig. 
4308 represents a machine designed for mak¬ 
ing barbed staples. The wire is cut to a suit- 
aMe length, and bent in shape over a former 
at one motion, by tools carried bj the up¬ 
right slide, which is moved by a lever connected with the large cam on the left, in front. As soon 
as this is done, the slide carrying the barbing tool, operated by the large cam on the right in front, 
forces the staple against a corresponding die in the rear, pn^ucing barbs on both sides of both 
prongs at once; and the elbow-lever at the left of the machine, operated by the small cam at the 
end of the shaft that carries the balance-wheel, drives a small plunger inward from the rear and 
pushes the completed staple off its former, when it drops below. I^ese staples are produced by 
this machine at the rate of 250 or more per minute. 

We are indebted for the engravings and descriptions in this article to the manufacturer and inven¬ 
tor of the machines, Mr. John Adt of New Haven, Cornu 

WIRE ROPE. There are two kinds of wire rope commonly manufactured. Ropes with 19 wires 
to the strand are more pliable, and are generally used as hoisting and running ropes. Those with 12 
or 7 wires to the strand are stiffer, and are best adapted for guys, standing ropes, and rigging. Wire 
ropes are made with 6 strands, with a centre of hemp or wire, the former being more pliable, and 
wearing better over small pulleys and drums. Wire rope is as pliable as new hemp rope of the 
same strength; and the greater the diameter of the sheaves, pulleys, and drums, the longer the rope 
will last. For safe working load, allow one-fifth to one-seventh of ultimate strength, according to 
speed and vibration. It is better to increase the load, as speed increases the wear. Steel ropes are 
to some extent being substituted for iron, especially where lightness combined with strength is re¬ 
quired ; but the object in using steel in place of iron is to decrease the wear rather than reduce the 
size of the rope. Steel ropes are 50 per cent, stronger than iron. Numerous machines hare been 
devised for wire-rope making; but in this countiy most leading manufacturers have special appara¬ 
tus which they carefully keep secret. 

Varietiee of Wire Rope .—The following table contains a list of the varieties of wire rope made, 
and the purposes they are usually applied to: 


or chisel points on rivets, wagon, hinge, and picture nails, staples, etc., by passing them between a 
pair of dies, the matrix of each being so shaped as to form one side of the kind of point wanted, 
and the dies set each in one of a pair of rolls, which are geared so that at each revolution the dies 
are brought together. The work can be supplied to the machine by hand, or by a semi-automatic 
feed. The operator places the nails or other articles one by one in the blank-holder, which car¬ 
ries them to the dies. This kind of work has been commonly done by blacksmiths, who heat the 
articles to a welding heat, and the operation is slow at best. The peculiarity of this rolling process 
is that a perfect point is produced by drawing the metal down without heat, which cannot generally 
be done by the hammer without splitting the metal. 

AutomeUie Shear-Point Staple Machine. —Fig. 4307 represents a machine which cuts wire not ex¬ 
ceeding three-sixteenths of an inch in size in pieces of suitable length, forms ** shear ” or ** tack ” 
points on them, and bends them into staples, at the rate of some 600 per minute. The wire enters 
from the left, between a pgir of feed-rolls which are driven by the small pulley in front, and are 
adjusted for different sizc^ by the hand-wheel at the top. A cam on the shaft that carries the drir- 
ing-wheel operates a cutter, and an enlargement of the same shaft carries a forming tool or 

bender.** Two staples are made at each 
revolution of the balance-wheeL Different 
sizes of wire and lengths of staples are pro¬ 
vided for by slight changes in the make-op 
and adjustment of the tools. 


« 4806 . 
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Table thawing Varieties and Uses of Wire Rope. 


No. 

No. of Stnuub. 

No. of Wim to 
Stnud. 

Contra. 

Total No. of 
Wim. 

FUBPOSS USBO poa. 

1. 

6 

7 

Hemp. 

42 

Hoisting, transmission, and rigging. 

2. 

7 

7 

Wire. 

49 

Standing rope and bridge cablre. 

8. 

6 

6 

Hemp. 

86 

Hoisting ond transmission. 

4. 

6 

18 

Hemp. 

72 

Hoisting, transmission, and rigging. 

6. 

6 

19 

Hemp. 

114 

Hoisting. 

6. 

7 

1» 

Wire. 

119 

Hoisting. 

I. 

6 

42 

Hemp. 

852 

Hoisting and steering. 

8. 

6 

49 

Hemp. 

894 

Hoisting and steering. 


Rope Nos. 7 and 8 is made b'y using rope Nos. 1 and 2 as strands, and twisting six of thesft around 
a hemp centre, making a rope very strong and pliant. The hemp centre is provided both for the 
greater degree of pliability It imparts to the rope, and because of the lessened wear upon the wire by 
abrasion in passing around a drum or sheave, the centre forming an elastic cushion between the 
strands. Rope of 19 wires to the strand is more pliable than rope of 7 wires to the strand, and 
hence better suited to hoisting where small drums are required; they are made both with solid and 
with hemp centres. Nos. 8 and 4 are seldom made. Wire rope is manufactured so as to be of in¬ 
definite length without splicing of strands, as commonly practised, the only joints being those of 
single wires at different points, and the joint being so made as to be stronger than the wire itself. 

Plat wire rope is also made in limited quantities for hoisting purposes in mines. The various sizes, 
in comparison with fiat hemp rope, are as follows: 


Table showing Flat Ropes of Equal Strength, 


BTKEL 

wns. 

CBABOOAL 

laOH WIIUB. 

HZMP. 

Wotbiaf Strain. 

Siio. 

Wolght par Foot. 

Sbo. 

Wolflit par FooL 

Siao. 

Waight par Foot 

iMbot. 

Lba. 

Inchot. 

Lba. 

Inehat. 

Lba. 

Tont. 




1.8 

4-11 

8.8 

8.8 


.... 

*1-1 

8.2 

5-11 

4.0 

8.8 


.... 

*1-4 

2.5 

61-14 

4.8 

4.5 


1.7 

8 -4 

2.7 

54-11 

4.7 

4.7 


1.8 

81-1 

8.0 

6-11 

5.0 

5.8 


84-4 

8.8 

7 -14 

6.0 

6.0 

iu 

'2.2 

84-4 

8.7 

81-24 

6.7 

6.7 

8.5 

4-4 

4.2 

84-21 

7.5 

7.5 

8 -4 

2.7 

44-4 

4.7 

9 -21 

8.8 

8.8 

8M 

8.0 

41-4 

5.2 

9i-2f 

9.2 

9.8 

8*-4 

8.8 

444 

5.7 

10 -24 

10.0 

10.0 


It Is advisable to use a larger factor of safety with flat rope than with round rope of equal strength, 
so that the proportion between their weight for equivalent working strength is about as 7 to 6 in 
favor of round rope. The following formula, for proportionate dimensions of flat-rope hoisting 
drums, is one that practice has approved: D = (12 d — 3.15 R^ t)-*~ 37.7 /?, in which J) = the di¬ 
ameter of the drum in feet, d = the depth of the shaft in feet, = the number of revolutions of the 
drum in descending, and t = the thickness of the rope in inches. 

Wire Rope for /^ips* Cables. —The use of wire rope in marine service is being constantly extended. 
The advantages are evident from inspection of the following table, showing the comparative dimen¬ 
sions and weight of wire rope, hemp rope, and iron chain cables: 

Table showing Ropes and Chains of Equal Strength. 


anas, in incubs, fos equal btbsnotb. 

atxbaob wbtgut pbb foot. 

Workiaf 

Strain. 

Credbla 
Stoal Bopa. 

Cbonool 
Iron Ropa. 

HanpRapa. 

IiM Chain. 

star! Ropa. 

Iran Rapa. 

Hamp Rapa. 

Iron Chain. 

CIr. 

CIr. 

CIr. 

Din. 

Lba. 

Lba. 

Lba. 

Lba. 

Tam 

.... 

1.00 

*4 

s 



0.14 

0.84 

0.50 

0.8 


1.18 

8 




0.21 

0.46 

0.65 

0.4 

i.66 

1.89 

C4 

1 


o.ii 

0.28 

0.67 

0.91 

0.6 

1.26 

1.67 

41 



0.25 

0.88 

0.75 

0.06 

0.6 

1.45 

1.77 

^4 


p 

0.80 

0.45 

0.88 

1.89 

0.8 

1.57 

1.97 

5 



0.&5 

0.57 

1.16 

1.76 

1.0 

i.n 

2.19 

64 

i 

t4 

0.45 

0.70 

1.20 

2.20 

1.8 

1.96 

2.86 

64 


r 

0.69 

0.98 

1.60 

2.68 

1.5 

2.C6 

2.75 

f4 


1 

0.85 

1.09 

8.00 

4.21 

8.8 

2.75 

8.14 

74 

1 

\ 

1.10 

1.48 

2.65 

4.98 

8.1 

8.95 

8.58 

e4 


\ 

1.28 

1.80 

8.85 

6 75 

8.9 

8.14 

8.98 

H 



1.45 

8.80 

4.00 

7.50 

4.8 

8.58 

4.82 

1C4 



1.83 

2.94 

4.92 

9.88 

6.9 

8.98 

4.71 

714 

It 

h 

8.88 

8.56 

5.88 

10.6 

7.0 

4.82 

5.10 

124 

ij 


2.98 

4.00 

6.20 

11.9 

8.3 

4.71 

5.60 

144 

ll 

r 

8.53 

4.80 

8.70 

14.5 

9.5 

4.81 

5.60 

151 

ll 


8.65 

6.60 

9.00 

17.6 

11.0 

5.10 

6.28 

154 

11 

\ 

4.04 

6.80 

10.1 

20.0 

12.6 

5.89 

7.07 

IT* 

l] 

\ 

6.65 

7.95 

13.7 

22.8 

15.9 

6.85 

7.85 

1*4 

ll 

\ 

6.50 

9.81 

16.4 

24.8 

>»•* 
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Wire rope is now extensively used for the standing rope in ships* rigging, having been adopted by 
the United States Navy Department, after thorough tests, in 1868. More recently attention has been 
given to the advisability of its use for hawsers and anchor*cables. Experiments recently completed 
by the English Government have been largely in favor of its adoption upon large vessels. Accord¬ 
ing to official report, the saving in weight would be as the following fibres indicate: The 25-inch 
hemp rope in use weighed 7.8 tons; 2^-inch (diameter) equivalent chain cables would weigh 16 
tons; 8-inch equivalent steel-wire rope would weigh 2.6 tons. The report was also largely in favor 
of wire rope as to case in handling. The cost of the three is about in the proportion of 38 for wire 
rope, 86 for hemp rope, and 80 for iron chain cables. The objection has been raised against its 
use for anchor-cables, because of the rapid corrosive action of salt water upon it. By the use of 
galvanized wire rope, and by a proper protective coating, and care in stowing away after using, this 
may be reduced to a very small item, which the large balance to its favor in first cost and weight 
more than compensates. When not galvanized, wire rope is protected by coating it with raw linseed 
oil, or with a paint composed of the oil with Venetian red. ^ 

Material for Wire Eope, —The best material for wire rope depends in a measure on the use it is 
to be subjected to. In general, however, a tough, pliant material is better than one of high tensile 
strength alone. In rope for hoisting purposes, where it is subject to shocks or sudden strains, and 
where the factor of safety is large, this is particularly the case. The same is also true for rope used 
in transmitting power. For standing rope and tramways this is not so imperative. 

For suspension bridges, the beet material should be used, combining the highest degree of both 
qualities; but, because of the repeated shocks and vibrations the cable is subject to, it is safer to 
lean in the direction of toughness and elasticity than toward that of high tensile strength alone. 
The specifications for the steel wire composing the great cables of the “ East River Suspension 
Bridge** required a wire with a tensile strength equivalent to 160,000 lbs. per square inch, with a 
modulus of elasticity between the limits of 27,000,000 and 29,000,000, an ultimate elongation at 
breaking of 8^ per cent, in foot-length tests, and with a diminution at the point of fracture equal to 
about 8 per cent of its diameter. The strength per square inch of wire section laid in place in the 
rope is stated to be about as follows: Crucible cast steel, from 100,000 to 120,000 lbs.; Bessemer 
steel, from 93,000 to 107,000 lbs.; iron, from 70,000 to 80,000 lbs.; galvanized charcoal iron, from 
72,000 to 76,000 lbs. The strength per square inch of rope section is about 63 per cent, of an equal 
section of solid metal of the same tensile strength per square inch. 

The foregoing is abridged from a pamphlet on “ The Manufacture of Wire Rope,” written by Mr. 
J. B. Stone, C. E., 1879. For transmission of power by wire rope, see Belts ; for wire-rope towage 
on canals, see Canals ; for wire-rope propulsion on street railroads, see Railroats, Street ; for 
wire-rope submarine cables, see Telegraph. 

WOOL MACHINERY. The various operations of the woolen manufacture are as follows: The 
material is first sorted with reference to its weight, softness, fineness, strength, color, and cleanness, 
and the various qualities are separated in order to avoid unevenness in the working and in the fabric. 
The technical terms for the various kinds of wool are as follows: The first and finest quality is 
called picklocks ; second, prime ; third, choice ; fourth, awper. These are wools of the best kinds; 
while the remainder are i^erior, and have the following designations: fifth, head-wool^ or the riiief 
of the inferior division; sixth, downrights ; seventh, seconds^ which is that grown on the throat and 
breast; eighth, an inferior kind to the last, called abb ; ninth, livery^ the long coarse wool about the 
belly; and tenth, short coarse^ from the breast of the animal. 

B^uring follows in washing machines, the object being to remove suint and grease. Alkaline 
water is first used, and then clear water. The wool then passes to the drying machine, where it is 
subjected to a blast of dry air, either hot or cold; and thence it is taken to the willowing or dusting 
machine, in which teeth, fixed on revolving cylinders, disentangle the locks, while a blast of air from 
a fan removes the dust and drives the wool through in a flocculent state. Most wool contains burrs 
(seed-vessels of plants), which become attached to the sheep while grazing; these are removed by a 
burring and picking machine, which is also often constructed to extract dust and other impurities at 
the same time. In order to prevent felting of the fibres during subsequent operations, the wool is 
oiled with some thin, clear vegetable oil, such as olive, rape, cotton-seed, etc. An ingenious oiling 
apparatus, constructed by Messrs. Charles G. Sargent*s Sons of Granitcville, Mass., predpitates the 
oil in a finely atomized state upon the evenly-spread wool as it passes the feeding rolls of the carding 
engine. Usually the oil is mingled with water, the proportions for the above machine being about 
one part of oil to four of water, and the quantity of oil applied vaiying from one quart to ten quarts 
per 100 lbs. of wool, to suit the work in progress. 

Scribbling is a preliminary carding in order to disentangle the fibres. The regular carding opera 
tions which follow leave the wool in the shape of fleece, slivers, rolls, or rovings, as the case may be 
The drawing and spinning processes are not materially different from those used in ootton-cloth 
manufacture. Wcaving woolen goods is described under Looms ; and the various finishing operations 
are detailed under Cloth-finishing Machinery and Fulling Machines. 

The manufacture of felted cloth from wool has been brought to such perfection, that for many 
purposes the cloth rivals woven fabrics in utility. The washed and cleaned wool is first carded, and 
thus transformed into a sliver several feet broad, but not much thicker than a cobweb; and this is 
received and wound on a roller, until a sufficent length has been obtained. Then a number of these 
rollers are placed in another machine, in which they arc made to unwind the slivers and deposit them 
one over another, until a lap of the required thickness is formed, this being often an inch, neces¬ 
sitating a great number of slivers. This lap is then made to pass through a series of wooden and 
tin rollers, arranged so that the upper rollers of wood are partly between the pairs of the lower tin 
rollers. The upper ones are of solid wood, the lower of tin, hollow and filled with steam, and all 
placed in a long, shallow, but broad trough of hot water. The lower rollers simply revolve on their 
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axes, but the wooden ones, besides this motion, have a slight movement from side to side, which causes 
them to rub the lap of slivers, and induces the fibres of wool to combine and felt together as thej are 
carried along by the revolutions of the two sets of rollers, the heated water greatly helping in the 
operation. In the end, what went in as a thick sheet of wool, like wadding, comes out a oompact 
thin cloth, in some instances as fine in appearance as a kerseymere, which, after being dyed or 
printed, is tentered and pressed, and is then ready for sale. This process admits of very inferior wools, 
and the noils of wool or even of flax, being mixed and made into low-class cloths for druggets and 
other coarse fabrics. 

The manufacture of wool hats is described under Hat-uaking Machixebt. The principal ma¬ 
chines used in the woolen manufacture arc detailed hereafter. 

Tht Wool-washing Machine ,—The first machine used in the process of the woolen manufacture is 
the wool-washing machine. An example of this apparatus, as made by Messrs. C. G. Sai gent's Sons, 
Graniteville, Mass., is represented in Fig. 4309. This machine consists of a series of stationary 
rakes, or racks, alternating with movable ones, which are actuated by a crank-motion, and arranged 
in a long box partially filled with scouring liquor. The wool is placed on the feed-apron, winch 
carries it forward, and drops it into the box back of the first stationary rake. The rakes are sus¬ 
pended on pivots at each end and allowed to swing a short distance freely. The wool remains behind 
this stationary rake until the first moving rake comes forward, passes its teeth between the teeth of 
the stationary rake first mentioned, seizes a portion of the wool, and carries it forward to the action 
of the second rake. By the time the wool has arrived at the fourth rake (if that number is used), 
it has become thoroughly saturated with the liquor, the dirt, grease, and all foreign matter loosened 
ready for removal by the squeezing rolls. It remains to conduct the wool out from the liquor. By 
means of the last rake in the bowl the wool is carried upon the convex table and left, where it is held 
by a series of projecting teeth fixed in the face or top of said convex table, until the baclgward move¬ 
ment of the rake, which is connected by a connecting-rod to the swing-carrier, draws said carrier 
back, and, by means of the link-connection with the rear end of the carrier, lifts said lower or rear 
end of said carrier and teeth up, and passes it down over the wool on the convex tabic, ready for the 
return movement, which carries the wool up to the squeeze-rolls; the teeth in the carrier—being 
jointed, and free to swing upward in its backward movement—^lift and slide over the wool without 
disturbing the same; when the motion is changed the teeth fall back against a stop, which holds 
them in a perpendicular position, so that in their upward passage they sweep and carry all the fibre 
upward to the squeeze-rolls, as l^fore described. The advantage of this is that the wool is carried 
to the squeeze-rolls in an evenly distri'buted mass like a web. The more evenly the wool is delivered 
to the squeeze-rolls, the more perfectly the water is extracted or squeezed out. When more than one 
box or “ bowl" is used, the liquor in the first box soon becomes dirty and is drawn off, and the liquor 
from the second box is forced back into its place by means of an injector attached to the side of the 
machine, and the second box Is filled up with fresh liquor. 


4310. 



WooUDrier .—^From the washing machine the wool is taken to the “drier,” shown in Fig. 4310, 
which can be used either as a hot- or cold-air drier by reversing the direction of the fan. The fan, 
being put in motion, sucks the air down through the top of the air-box (which is open), passes the 
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steam-pipes, and is heated in its passage to the fan, which forces it forward into the drier under the 
wire netting supporting the wool. The pressure of the air forces it up through the wool, and in its 
passage absorbs the moisture contained in the fibre. The air-box and coil can be placed under the 
floor, and take the air from the room below, if more convenient. In warm, diy weather, the steam 
can be shut off from the coil, and simplj cold air used, or suflicient steam admitted to do the amount 
of work required. 

The various parts are as follows: end view of drier-frame; air-box; C, coil of steam-pipe 

in the air-box; 2), door that opens into the air-box for the purpose of examining the pipes, etc.; 
doors in the air-box opening into the fan, for oiling, etc. 

Wool-Picking and -Burring .—From the drier the wool is taken to the wool-picker, which is a very 
simple machine, consisting of a pair of feed-rolls, which deliver the wool to the action of a toothed 
cylinder, or set of beaters armed with steel teeth, and supported at the end of radial arms attached 

4811. 
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to a central shaft. This cylinder or beater is usually 86 in. in diameter and from 80 to 86 in. wide, 
and revolves from 600 to 700 times per minute, detaching the fibres of the wool from the clotted 
masses in which they are left by the washer, and preparing them for the card. Where wools con¬ 
taining many burrs are used, the form of picker represented in Fig. 4811 is used, as built by Messrs. 
C. 6. Argent’s Sons of Granitevillc, Mass. In this machine, the wool taken from the feed-rolls by 
the picker-cylinder is carried by it to the burr-cylinder, which is composed of a series of circular 
saws, very similar to those of the cotton-gin, bolt^ together on an axle, and separated from eacli 
other by thin washers, which admit of the entrance of the wool between the saws, but not of that of 
burrs or other foreign substances. This cylinder is sometimes formed by winding a saw-toothed 
wire, with a flange on the edge opposite to the saws, in a spiral direction around a solid cord, in¬ 
stead of using circular plates. The wool, which is received by this from the picker-cylinder, is 
carried round with it, passing between the teeth of the saw, while the burrs and other foreign matters 
adhering to the wool arc knocked off by a revolving beater, the blades of which just clear the tecih 
of the saws, as shown at H and 7. A revolving brush and fan clears the wool from the teeth of the 
burr-cylinder and delivers it to the wool-burr, in readiness for the cai*d. 

The parts of this machine are as follows: In Fig. 4811, .d is a side view of the perforated screen; 
B shows the back girt of the screen, seen in section in Fig. 4312; C indicates the front girt of the 
screen. 7), Fig. 4812, also shows the screen. E shows the front girt and register of screen A, This 
120 
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register, or alr-paseagcs, can be opened or closed by a slide which regulates the draught under the burr- 
cylinder H and guaid I. F shows the picking cylinder, which takes the wool from the feed-rolls L 
and M and carries it forward, combing it into the burring cylinder H, O shows the rack under the 
picking cylinder F, H is the burr-cylinder, on which the burrs are separated from the wool by the 
guard /, the burrs dropping through the fingers of rack K. J is the brush which keeps the burr- 
cylinder constantly clear, moving all cleansed wool, passing it out from the machine through spout 
R as indicated by arrows. A!' is an adjustable rack, of which a front view is seen in section in Fig. 
1813, removed from the machine. L indicates the top feed-roll, and M the bottom feed-roll, both 
of which are filled with cockspur teeth. N shows the apron-roll O represents the feed-apron, 
which carries the wool into the feed-rolls. P indicates the fan, which sudes off all light impurities, 
dust, etc., liberated from the wool being cleansed by the currents of air passing under the feed-rolls 
L and if, and under the guard /, up through screen A into the fan, as shown by arrows. Q shows 
the pipe through which the light dust is carried out. 

Wool-Cardinq. —^The wool-cards shown in Figs. 4816 and 4816 are fair types of the form of 
machines in common use in the United States, and are taken from drawings furnished by the makers, 
Messrs. Davis & Furber of North Andover, Mass. The wool is weighed out by the tender, and 
spread on the feed-apron from which it passes between a pair of f^-rolls at A and b delivered 
by a licker-in ” to the main cylinder ( 7 , from which it is lifted by the strippers 2), and passed to 
the “ workers ” by which it is again returned to the main cylinder. It is then loosened from the 
cylinder by the “ fancy-roll ” F^ wWch is clothed with long straight teeth, and is finally taken from 
the cylinder by the doffer f?, from which it is in turn removed by the doffing comb and passes 
through the drawing rolls //, to be wound into a roving or sliver on the balling roll j. This rov- 

4815 



ing or sliver is then transferred to the second breaker-card in some cases, and in some directly to 
the fimsher, either by setting up a sufficient number of spools or bobbins of the roping to fill the 
width of the card, or, by what is known as the “ Apperly feed,” delivered continuously by a diagonal 
motion to the feed-apron, so as to form a continuous lap. A traveling tube or trumpet receives the 
sliver as delivered from the first card, and is traversed by a screw forward and back along a slide- 
rod in a diagonal direction to the feed-apron, carrying the roving with it, and distributing it so as to 
form a sheet upon the apron. A spring-catch at either end of die slide holds down the roving as de¬ 
livered, till it is taken up by the feed-rolls, which deliver it to the card-cylinder as before. The 
operation of the second breaker and finisher cards is the same as that of the first breaker; but the 
doffing is very different, there being two doffing cylinders as seen in Fig. 4816, with narrow strips of 
card-clothing so arranged upon them as to receive the wool from alternate zones on the main cylin¬ 
der. The narrow strip of wool-sliver or roving thus received is taken from the doffer by the rota¬ 
tion of a roller covered with leather, seen at C in Fig. 4315. An under roller geared to and revolv¬ 
ing with this carries the roving forward to a second pair of “ rubbers,” so called, and these deliver 
it to another pair. Each of these pairs of rubbers receives a vibratory motion in the direction of 
its axle, from a crank-shaft at the opposite end of the frame from that shown, acting in oppo¬ 
site directions on the top and bottom rollers of the pair, so as to condense and roll the loose sliv¬ 
er into a spongy roving, in which form it is received upon the spools and taken to the spinning 
jack or mule. 

Metallic waste-cards are used for working or reducing yam, thread-waste, and soft flannels to 
wool. These machines in principle are a carding machine, clothed with strong, sharp-pointed, steel 
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WRENCH. 



teeth, BO adjusted as to work on the twist of yam or thread-waste, combing or teaseling out gradu¬ 
ally the twist holding the fibre of wool together, and forming it into a thread. This gradual remoT- 
ing of the twist, by the combing or carding process, leaves the fibres of wool composing the thread- 

waste long and strong, with nearly the 
original len^h of staple. 

The Woden-MuU .—The operation of 
this machine is very similar to that of 
the cotton-mule, except that the deliveiy 
of the roving is not continued for the 
whole length of time occupied by the 
carriage in “drawing out,” the motion of 
the feed-rolls being arrested before the 
carriage has completed its stretch. By 
this action the yam is made more even, 
as the twist, which at first tends to run 
into the finer parts of the roving, and 
which is continued during the whole 
length of the draught, also holds these 
parts from yielding when the delivery 
from the rollers is stopped, and permits 
of the stretch of the coarser and more 
spon^ portions, which, as they are re¬ 
duced and elongated, also take up their 
proper share of the twist. The other 
motions are very similar to those of the 
cotton-mule. 

Wool-warping Machine ,—^The prepara¬ 
tion of woolen yams for weaving differs 
from that of cotton yams. Fig. 4317 
represents the wool-warping machine 
built by Messrs. Davis & Furber of 
North Andover, Mass. The yam is first 
wound on spools A, which are placed in 
a proper frame or “ creel ” in such num¬ 
ber as may be needed to form a section 
of the warp, and the yam is taken from 
them through the size-rolls dried over 
the copper cylinders C, and wound upon 
the reel D. This reel is mounted in a 
frame, which travels longitudinally on a 
railway JS* fixed in the floor so that 
when one section is filled the reel can 
be moved so as to bring another division 
opposite to the centre of the dresser. 
This plan affords great facilities for pre¬ 
paring the particolored wai*ps so com¬ 
mon in woolen goods, and admits of the 
repetition of the necessary pattern for 
shawls, plaid, cassimeres, etc., until the 
reel is filled to the width necessary for 
the goods to be produced. After the reel 
is filled, the belt connecting it with the 
dresser is removed, and yam is trans¬ 
ferred from it on to the loom-beam in a 
continuous sheet. S. W. (in part). 

WRENCH. A tool used by hand to 
turn or rotate other tools, nuts, or bolts. 
A solid wrench is form^ of a single 
piece of metal, having a notch or opening 
of suitable shape and size to fit on the 
objects to be grasped. It is specifically designated according to the shape of the recess or aperture 
ns a squaic wrench, hexagon wrench, etc. If the opening is at one end, it is termed a smglc-ended 
wrench ; if it is in the middle, a double-ended wrench. If the recess is open, it is termed an open- 
ended wrench; if closed, forming an aperture through the metal, a box-wrench. A solid wrench 
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having an angular recess notched on its sides, so that any nut or bolt which will enter the jaws can 
be grasped, is called an alligator wrench, and is one of the most convenient forms. To illustrate. 
Fig. 4318 is a double-ended square wrench; Fig. 4819, a single-ended square wrench; Fig. 
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aa open-ended wrench, sometimes termed a “spanner;” Fi". 4321, a box hexagon wrench, shown 
in two views. Ratchet-wrenches, used for turning drills, are dcscrib^ under Drills, Metal-Bori.nq. 
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Screw or monkey wrenches are those which have a movable jaw, so that the tool may be adjusted 
to fit any sized nut within its compass. An immense number of such wrenches have been devised. 



Fig. 4322 represants one of improved form manufactured by Messrs. L. Coes k Co. of Worcester, 
Mass., which will serve as an example of the class. The construction of this wrench, which is 



) 


simple and strong, will readily be understood from the engraving, parts being broken away to show 
the connection between the screw and jaw, and the method of firmly securing the shank in the 
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handle. The rotation of the screw by the milled cylinder shown causes the movement of the jaw 
along the shank. 

Fig. 4323 represents a tap-wrench, for holding taps (see Screw-cutting Taps and Dies) during 


the cutting of inside threads. The jaws A and J? have rectangular notches, which unite to form a 
square opening, which may be enlarged, while always retaining its shape, by the movement of the 
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adjusting screw shown. Fig. 4324 is another form of tap-wrench, made by the Wiley k Russell 
Manufacturing Company, in which the tool may be quickly adjusted and secur^ by the collar shown. 

Fig. 4826 is a wrench made by the abore-nam^ firm, and especially constructed for taking off 
and putting on nuts in places difficult of access, such as on tire-bolts inside of carriage-felloes. 



Fig. 4326 represents an improved form of combination wrench manufactured by the Bemis k 
Call Company of Springfield, Mass. The lower jaw is operated by a screw, and the device is adapted 
to grasp cither nuts or pipes. 

WRINGING MACIIINE. See Laundry Machinery 
WRITING MACHINE. See Type-Writer. 

ZINC FURNACE. See Furnaces, Metallurgical. 
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Car-replacer.II 648 

Carriage, gun.11 492 

Carriage, steam.li 844 

Cars, railroad.il 644 

Cars, street.il 659 

Carton Pierre . 1 827 

Cartridge Machinery . 1 82T 

Carring machine, stone.II 820 

Carring machine, wood.ii 469 

Carring T(x>ls (woodt. 1 880 

Car-wheel boring machine. 1 498,496 

Casting . I 881 

Casting, glass.il 45 

Casting, ordnance.ii 501 

Casting, plaster. 1 887 

Casting, steel.11 804 

Casting of bells. 1128 

Castings, chilled.11 451 

Celling joists. 1821 

Cement. 1 876 

Cement, chucking in.11 254 

Cement mill.11416 

Centering Machine . 1 888 

Centre-bit. 1 189 

Centre of gravity.11 798 

f'enfre-Punch . 1 8^ 

Centres, shaper or planer.il 756 

Centrifligal force. 1517 

Ontrifugal machine.11 845 

Contrlftigal pump.il 607 

Centrifugal wringer.il 276 

Chain . i 8^ 

Chain, kinematic.U 874 

('hain. weldless. 1 841 

Chain-brakes. i 217 

Chain cables, construction of... 1 889 

Chain-making machine. i 840 

Chains, jewelry. 1 841 

Chain-towage on canals. 1 809 

Chair, railroad.ii 685 

Chamber of cannon. .. li 478 

('hamfering.i 328; il 465 

Chamfering machine. 1 125 

Change-wheels, lathe.ii 287 

Charcoal . 1 842 

Char-house.11 847 

Charge, blast-furnace. 1878 

Ch,iser.U 266 

Chasing lathe.11 286 

Cheese-press. 1 442 

('heese-vat. 1 441 

Chimes. 1 128 

Chimney . 1 846 

Chimnev, gas-furnace. 1 914 

('hi Me/.'. . 1850 

Chisfls, carring. I 881 

Chisels, ice.li 129 

ChiSfls, stone.II 821 

Chisels, turning.11 261 

(Chlorinating Machinery . 1 852 

('hoke-bore. 1 788 

Chondrinc.il 58 

Chromium alloys. 1 58 

C’lironogmph. 1 564 

Chroriometric governor.11 69 

ChronoscojK*. i 668 


Chuck, aectiooal.tl \ 

Chuck, shaper.H 1 

Chucks, lathe.ii \ 

Chums . I I 

Ciule . IJ 

Chute, mining.ti 4 

Cider-mllL. i 

C-^amming Machine . IJ 

Clamp . i i 

Clarifier.fit 

Clay, brick. IS 

Clay crucibles. 14 

Cleaning silk.11 ; 

Clepsydra, electric. i ! 

Clinker-brick. IS 

Clock,’ alarm. I 

Clock-makers’ turning tool.US 

Clocks.U S 

Clod-crusher. i 

Cloih-ctiUing Machine . i S 

Cloth-Jinidting Machines . if 

Clovcr-huller. 1 

Clutches.i 4 

Coal.i 1 

Coal-crusher. i 5 

Coal-cutting Machines . i i 

Coal-dust, burning. i 1 

Coal, experiments on. 11 

Coal-gas. IS 

Coal-mines, blasting in. i 1 

Cobalt, electroplating with.1 i 

Cobalt alloys. i 

Cocked bead.i S 

Cockeye.ii •( 

Cockhead.ii 4 

Cocks.ii ? 

Coffer-dam. if 

Cogging. If 

Coining Machinery . if 

Coins, counterfeit. if 

Coilor-finishing machine .ii i 

Combustion. i 1 

Combustion in chimneys. i 1 

Compass, mariners’.il f 

Compass brick. IS 

Compasses .if 

Compressed-air foundations.... i t 

Compressed-air locomotive_ii f 

Compressive stress.il ; 

Gimpressors, air .i 

Concentrating Machinery {pee)\ f 

Concretes and Cements . If 

Concussion ftise. if 

Condenser, electric. i ' 

Condenser, gas. i S 

Condenser, pump.ti ( 

Condensers . if 

Cone-plate.US 

Cone-pulley. 11 

Cone-winder.HI 

Conformator .If 

Connecting-rod, crank-angles 

for.1 428; li: 

Connecting-rod, locomotive_ii f 

Converter, Beasemer.ti f 

Cooking stove.11S 

Cooling water.i 1 

Cope.fl 4 

Coping.ti S 

Copper, electroplating with_ 15 

Copper alloys. I 

Copper-bit.il 1 

Copper-mill.H 4 

Corwling.il f 

Corder.li ^ 

Cores.IH 

Cork-cutting Machinery . IS 

Cornice.U 8 

Com-sheller.i 

Cotter.li ^ 

Cotton, steam-compression of.. 11 ^ 

Cotton-Gin .18 

Cotton-mule. 14 

Cotton-press..U 564, fi 

Cotton-spinning Machinery.. 1 8 

Countersink.15 

Couple, galvanic. 15 

(Muplings and Clutches .14 

Cow-catcher.ti 3 

Cracker machinery. 12 

Crackle-glass.ti 

Crandidl.ti ^ 

Cranes and Derricks . 14 

Crank .1 4ii7; tt < 

Crank, proportions of.. 18 

Croton Aqueduct..1 
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Orown-glftM.11 48 

Crozliig machine. 1 125 

Crucible, ghM.. i 87S 

Crucible machine. 1 487 

Crucible prooesa, steel.11 804 

CrueibUt. . i 4^ 

Crusher.. . 1 2^ 

Crystal.U 49 

Crystallization of castings.1885 

Cultivators.. 1 18 

Culverts.11 CM 

Cupellation. 1 104 

Cupola fhmace. 1 874 

(Cupola (hmace, charging. 1 883 

Curd-agitator. 1 442 

Curd-knife. 1442 

Curd-scoop. I 442 

Current-wheels .H 916 

Currying.11 286 

Curve-turning tool.11 268 

Curves, railway.11 881 

Cut-off. 1 684 

Cutter, feed. 1 82 

Cutter, milling.11 401 

Cutter, moulaing and cairvlng.. 11 470 

Cutting, railroad..11 682 

Cutting diamonds. 1 445 

Cutting flies. 1 765 

Cutting gloss.U 52 

Cutting machine, coal. 1864 

Cutting machine, cloth. i 855 

Catting machine, fla.x. i 808 

Catting machine, fhr.11 99 

Cutting m%chine, paper..11 528 

Cutting machine, shingle.11 758 

Cutting machine, sole.li 760 

C'uttlng machine, stone.tl 82t 

Cutting machine, sugar.li 845 

Cutting machine, wire.11 938 

Cutting tools (slotting machine) 11 781 

Cycloid. 11 16 

Cylinder, D’Aubulsson's. 1 155 

Cylinder, mllUng.11 410 

Cylinder, printing-press.11 574 

Cylinder, steam-engine, boring. 1 496 
Cylinder, steam-en^e, design¬ 
ing:. 1 689 

Cylinder, steam-engine, mould¬ 
ing. U452 

Dairy ApparatuM . i 489 

Dam . I 116 

Dam, mining..11 485 

Damper . 1 442 

Damper-regulator. 1 192 

DamseL.li 419 

Dandy-roU.II 528 

Dash-chum. 1 853 

D'Aubuisson's cylinder. 1 l'>5 

Dead-eye. 1 146 

Deckle..11 522 

Defecator.11 889 

Deflagrmtor. 1 569 

Deml-crystal.II 48 

Density. . I 518 

Dephlegmator. ! 418 

DerriciC hydraulic.it 448 

Derricks. 1 426 

Devil, paper.ii 520 

Devil, rubber. ii 148 

Diagram, crank. 14 8 

Diagram, Indicator.11 ]r>8 

Diamond . 1 448 

Diamond mlllstone-drcsser_ii 421 

Diamond drill.il 682 

Diamond saw.11 711 

Dio, envelope. 1 724 

Dies, ore-stamp.11 7^9 

Dios, screw-cutting.il 730 

Differential pulley. 1 146 

Differential Screw. . 1446 

Digger, steam. 1 738 

Dipping-wheel.li 277 

Dlsintegiator.11 413 

Disk, signal.11 764 

Disk and roller. 1 895 

I^tUling Apparatus . 1 446 

Ditcher. 1 82 

Ditch-mining.il 485 

Dividing Marine . 1 450 

Diving {urmoT) . 1 455 

Divlng-beU. 1 458 

Docko . i 455 

Dog, lathe.ii 256 

Doors. I 828 

Dongh-mixer. i 282 


Dovetail brick. 1 256 

Dovetailing. 1 817 

Drag. 1 472 

Drag-saw.11 707 

Drainage . 1 466 

Drainage of Haarlem Lake.11 588 

Drain-pipe machine. 1 258 

Draught, chimney. 1 845 

Draught, millstone.ii 417 

Drou^t, pattern.Il 459 

Drawback.11 447 

Draw-fliing. 1 770 

Draw-plate.ii 986 

Drawing-frame, cotton. 1 896 

Drawlng-ftame, flax. 1 810 

Drawing-Knije .. I 472 

Drawing-press.ii 566 

Dredging Machinery . 1 472 

Dress, mUlstone.il 417 

Dresser, cotton. 1 41:9 

Dresser, millstone.li 427 

Drift of projectiles.ii 5^4 

Drifting pick.11 421 

Drifts . i 484 

Drill, flexible. 1 14 i 

Drill, grain. 1 11 

DriJl-j^nding machine. i 503 

Drill-holder.il 260 

Drill-scow.ii 678 

Drill-stock. i 5«i6 

Drilling and Boring Machines i 485 

Drilling and punching.il 625 

Drilling tools, lathe.ii 258 

Drills^ Metal-boring . i.fO*) 

Drills, rock.ii 674 

Driven wells. ii 028 

Driver, Clement's.ii 2.’G 

Drop-box.i! 854 

Drop-forging.il t>7 

Drop-hammer.;.II 85 

Dram, hols tic g.ii 426 

Drying machine, cloth. 1 856 

Dualln. i 752 

Damp-car.ii 422 

Duster.ii 520 

Dynamics . 1 509 

Dynamite. 1 752 

Dynamo-electric fuse. I 894 

Dynamo-Electric Machines. .. 1 518 
Dynamometer . 1 529 

Eccentric.ii 775 

Eccentric circle. 1 427 

Edge-moulding..ii 469 

Elasticity, oocfflcient of.ii 880 

Electric Bells . 1 f88 

Electric candle. . I 549 

Electric clepsydra. 1 564 

Electric clock .ii 908 

Electric condenser. 1 558 

Electric engine. 1 589 

Etectric Engraving Machine . I 540 

Electric fhse. 1 142, 898 

Electric Gae-Lighter . 1 540 

Electricity . 1 541 

Electricity, power transmitted 

by. I 590 

Electric Light . 1 548 

Electric Loom .I 558 

Electric machines. d>'namo-.... 1 518 

Electric Machines^ static . 1 554 

Electric machines, tests of..1 561 

Electric organ.11 6'>7 

Electric Pen . . ! 562 

Electric signals.ii 770 

Electro-Ballistic Machine<*. .. 1 562 
Eleetro-Onlmnic and Ther¬ 
mic Batteries. . 1 566 

Electro-magnetic brake . i 219 

Electro-Magnet . I .576 

Electro-Metallurgy . i 578 

Electrometers av^ Ga I ra nom¬ 
eters . I 586 

Electromotors . 1 .V89 

Eleetpophorus. I .556 

Electroplating. i 582 

Electroplating glass.ii 58 

Electro-semaphore.ii 768 

Electroscopes . I 591 

Electrotyping. 1 585 

Element, galvanic. 1 5^*7 

Element, mechanical.ii 794 

Elevators and LJJts . 1 592 

Elevators, Grain . 1 608 

Elevators, Ice.1! 180 

Embankment, railrosd.11 682 


Embossing press.11 569 

Emery, grades of.. 1 6l2 

Emery-Grinding . 1 blO 

Emery-wheels. I 611 

Energy. 1 61 j 

Engine, beating. li 522 

Engine, binary vapor. 1 618 

En^e, caloric. 1 e;6 

Engine, chemical fire. 1 8uu 

Ent^ne, dividing. 14. 0 

Engine, electric. 1 o- 9 

Engine, Kntherfurd's ruling ... 1 452 

En^ne lathe. See Lathes. 

Engines, Airo-Stiam and Bi¬ 
nary Vapor . I 616 

Engines, Air . i 616 

Enidnes, blowing. I ^ 

Jingines, rive . I fio 

Enipnes^ Gas and Vapor . 16 2 

Engines, Heat . I 637 

Jingines, Solar . i 642 

Engines, Steam, Designing qf. 1 t23 

Engines, Steam, Uouiin/j. 

1648; ii 428 

Engines, steam, locomotive.... ii 818 

Engin<s, Sitam, Marine . i 646 

En^nes, steam, multicyKnder.. i 707 

Engines, steam, oscillating pis¬ 
ton. 1 707 

Engines, Steam, Portable and 

Semi-portable . 1 672 

Engines, steam, proportions of. 1 639 

Endues, steam, pumping.11 586 

Engines, Steam, ikationary 

(Reciprocating) . 1 682 

Engines, Steam, Stationary 

(Rotary) . 1 704 

Engines, steam, semi-portable . 1 672 

Engines, steam, spiral cam .... 1 707 

En^nes, steam, three-cylinder. 1 €64 

£n^ne^ steam, traction. 1 678 

Engines, Steam, Unusual 

for ms of. . 1 706 

Engines, Water-Pressure . i 708 

Engraving . 1 7l8 

Engraving, aquatint. 1 788 

Engraving, copper. i 719 

Engraving, glass.11 58 

Engraving, rosin-ground. 1 785 

Engraving, steel. 1 719 

Engraving, wood. 1 721 

Engraving machine, electric.... I 540 

Engraving perrotine blocks.... 1 2.5 

Engraving tools. . 1 721 

Envelope Machinery . 1 728 

Epicycloid.11 15 

Epitrochotdal curve.11 15 

Equiilhriam.11 794 

Erie Canal. 1 801 

Escapement . 1 728; 11 905 

Etching . 1 728 

Ether ice-machine.11 184 

Euphroe. 1 146 

Evaporation, factors of.. 1 157 

Evener, cotton. I 891 

Ercavating Machines . 1 786 

Excavation, data of. 1 740 

Excavation, railroad.11 682 

Excavator, pneumatic. 1 4^*2 

Exhaust-nozzle.1188; 11 812 

Exhauster, gas. 1916 

Expanders, tube. 1 218 

Expansion, Mariotte's law of... ii 158 

Expansion experiments. 1 6'^4 

Expansion gear.. 1 682: 11 775 

LCrpansion of Steam and 

Gases . 1 740 

Exploder. I 898 

Explosives . 1 751 

Extingnlsbers, fire. 1 799 

Extractor.11 276 

Eyelet machine.II 747 

Eyeletting machine.11 762 

Face-gearing.II 82 

Face-plate.ii 248 

Facing-sand.11 446 

Factor of safety. 1 380, 8:14 

Fairiio locomotive.ii 887 

Fanchero.11 429 

Fan-blower . 1 149 

Fannlng-mill. 1 81 

Feed, four-motion.U 785 

Feed-cntter. 1 82 

Feed-water heater. 1 176 

Felt cloth..U 942 
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FUe-bolder. 1 7«7 

FU€9 . i 7(H) 

FUing . 1 768 

Mllng-block. i 770 

FiUixig-frame. 1 401 

Fiiien . 1 776 

Filters, bag.il 844 

Filters, chs^al.ii 846 

Finery.il 181 

Fire-alarm. i 64 

Fire-alarm telefn^ph.ii 866 

Fir^ArrM^ CoiuAmction and 

TriaU < 2 ?.. I 780 

Fire-brick. 1 244 

Fire-damp alarm. I 56 

Fire-engine, chemical. i 799 

Fire-H^in^ishetB . i 799 

Fireplace heater.ii 828 

FIrmer-chisol. i 852 

Flank of teeth..il 6 

Flask..ii 447 

Flask, carbonic-acid gns. i 897 

Flattening.ii 287 

Flatting-iron.ii 40 

Flatting-stone.ii 41 

Flcue-Spinning MacJUmry ... 1 808 

Flesbing-knife.ii 286 

Fleshing-machine.ii 282 

Flint-glass.ii 46 

Floats.. i 760 

Floors. i 818 

Flue boilers. il61 

Flues, blast-fkimace. 1 871 

Flume.il 488 

Fluting gouge. i 881 

Flux.U 782 

Flying machine. i 58 

Fly-WheeU . i 816 

Folding machine, book. i 216 

Folding machine, newspaper... ii hll 

Footings.ii 888 

Foot-poimd.ii 81*0 

Force. i 518 

Forge . i 817 

Forging . .. i 818 

For^g chain. 1840 

Forging files. I 766 

Forging 3/a<Jiinee . i 827 

For^ng8,drop.ii 87 

Forked heading. 1 821 

Fork, hay. 1 26 

Forming (laundry).il 2T7 

Forming machine (hat).ii 100,108 

Found. 1 761 

Foundntione. . i 886 

Foundations, nir-compressors 

for. i 89 

Foundations, buoy. i 2^2 

Foundry. i 831 

Foundry crane. i 417 

Foundrj’ latlle.11 222 

Fountain, carbonated water.... i 900 

Fourdrinier machine.ii 522 

Fralsing machine.ii 402 

Framer chisel. 1852 

Framing buildings. i 817 

Freezing mixtures.11 141 

Freight-car.ii 652 

Friction . i 846 

Friction-brake. 1 534 

Friction-clutch. i 412 

Friction-gear.il 86 

Friction let-off.il 870 

Friction-pu! ley.il 86 

Friction-roller. i 8M 

Friction-shafting.ii 758 

Friezing machine.ii 469 

Frog, railway.ii 640 

Fuel. i 155 

Fuel in blast-furnaces. i 867 

Fuel in boilers. i 161 

Fuel In combustion under high 

chimneys. i 847 

Fuel in cupola fiimace. 1 832 

Fuel in locomotives.il 825 

Fu It iyig Machinery A 854; ii 100, 108 

Fulminates. i 758 

Fur-cutting machine.11 99 

Fur hats, manufacture of.il 99 

Furnace, flashing.il 48 

Furnace, osmund.ii 175 

Furnace, Pernot..ii 811 

Furnace, petroleum. i 868 

Furnace, reverberatory_I 331, 859 

Fnrnnceft . i 8.58 

Furnaces, assaying.i 104,106 


Fwmaces, Bkut . i 864 

Fumaces^^ler. I 178 

Furnaces, brick. I 248 

Fumacee, Oupola . i 874 

Furnaces, gas.1 861; ii 189 

Furnaces, gas-retort. 1 904 

Fumacee^ (Jlam-nuuting .I 878 

Fumsces, besting (iron).ii 197 

Fumaoee, heating and warming ii 827 

Fumao^ Metallurgical .i 886 

Furnaces, puddling.ii 184 

Furnaces, regenerating.li 186 

Furnaces, silver and gold. i 8d6 

Fumsces, steel.li 608 

Furnaces, stone. i 889 

Fumsces, straw-burning.i 675 

Furnaces, water-jacket. I 890 

Furnaces, zinc-roasting. I 888 

Furnaces for burning powdered 

ftieL. 1 862 

Furrow, millstone. ii 417 

Furrow, plough. i 8 

Fuse, eiectarical. i 149 

Fuete . i 895 

. I 891 

Fusible metai. . i 57 

Gaining.ii 468 

Galvanic batteries. 1566 

Galvanizing wire.ii 987 

Galvanometers. 1 666 

Galvanoplasty. i 678 

Gang-saws. U 707 

Gae^ Carbonic Acid . i 895 

Gas, delivery of. I 981 

Gae^ lU'uminating^ Apparatus 

for Manttfacture . .. 1 900 

Gas^ Jlluminating^ DUtribu- 

Hon of . i 929 

Gas^ Illuminating^ Macliinec 

for producing . 1 985 

GaSy Illuminating^ Processes 

Manufacture ef. . 1 988 

Gas, puddUng by natural..... il 189 

Gaa, purification of. i 901 

Gas-burners. i 927 

Gas-check.li 484 

Gas-engine.1 682 

Gases, expansion of.1 740 

Gas-flues, blast-fUmace. 1871 

Gas-ftimace. 1 861 

Gas-generator (chlorination)... 1 858 

Gas-lighter, electric. 1 540 

Gas-meter. 1 922, 988 

Gasometer. 1 928 


Gotd-mortar. li 7>8 

Goniomettr .U 61 

Googe.ii 266 

Gouge, engnyer'a. 1722 

Gouge-bit. I 189 

Governor, gaa.. 1 924 

Governor, gaa-ligfat.i 928 

Governors (steam-engine).ti 61 

Grade-line, railroad.ii 682 

Gmllle. i 761 

Graining.11 289 

Groining machine.U 2?4 

Graln-n^.li 407 

Grain-miUing.ii 888 

Gramme machine. 1 524 

Grape-shot.584 

Graphite, .iJ 69 

Graphite cradble. I 418 

Graphite mill.ii 416 

Grapple, ice.il 129 

Grate, locomotive.li 8C6 

Grate-bars, boiler. I 175 

Graver.tl 262 

Gravl^. i M2 

Gravity, centre of.fl 7W 

Grarity^ Specie .li 70 

Grinding, emery. i 610 

Grinding calender-rolls. i 991 

Grinding drifis. i 506 

Grinding tods.li 78 

Grindstones. .fi 72 

Grizzly. 11 405,442 

Groins.U 209 

Grooving.ii 465 

Gun, sir.i 47 

Gun, life-saving.li 291 

Gun-cotton. i 792 

Gun-metal. i 61 

Gunpowder. i 764 

Gunpowder pHe-driver.ii 544 

Guns, heavy.ti 477 

Guns, machine.li 496 

GuD^, shot. i 789 

Guns, shot, manuflurture of.... 1 797 

Guita-Per^a .li 75 

Gyroscope .ii 7S 

Hackle. i m 

Hackling machine. i e<*4 

lUnimer, drop.li 85 

Hammer, gola-heateFs.li 59 

Hammer, miner's.fl 421 

Hammer, pneumatic.11 88 

llammeiing. 1820 

Hammers, Hand .fl 19 


Gas-retorts. 1 9(8 

Gate^ lock. i 806 

Gatling gun.ii 496 

Gauge, trammel.il 888 

Gaugs, Wire . i 946 

Gauges, Mechanical . 1 949 

Gauges, railroad.li 688 

Gauges, sewing-machine.ii 750 

Gauges, steam..i 186; il 810 

Gauges, track.il 636 

Gauges, water. il88 

Gear-cutting Madiines . i 955 

Gearing .11 1 

Gearing^ Frictional .1! 86 

Gearing, wagon.il 898 

Gear-wheel moulding machine. U 466 

Generator, carbonic-acid gas... i 896 

Geneva Stop .Ii 87 

Gib.1 641; il 87 

Gig, ice.Il 180 

Gig-mill. 1 858 

Gilding on gloss.ii 68 

Gimlet. 1 189 

Gin. i 416 

Gin, cotton. I 886 

Girders, timber. I 819 

Glass, Iridescent.ii 58 

Glaes^ Manufacture qf. .II 88 

Glass, ornamenting.Il 50 

Gloss, pressed.il 54 

Glass, stained.11 63 

Glass, tempered. i 8S4 

Glass-cutting.11 59 

Glass-pot. i 878 

Glass- Wore, Mamfacture U 68 

Glue .il 66 

Gold, amalgamation of. i 78 

Gold, electroplating with. 1 668 

Gold alloys.1 64 

O* 11-Beating .fl 69 

Gold-miU.il 404 


Hammers, piano.no 

Hammers Poster .fl 

Hammers tSteans, IHreet-ad- 

ing .fl 

Hammers, stone.II 6 

llammeiw, trip.fi 

Hand-car.11 814,6 

Hanger . li 

Hardening maciiine (leather)... fl 2 

Hardening metals.6 6 

Harmoninm.US 

Harness, loom.ii 8 

Harrows. I 

Harvesters..1 

Hat-making Machinery .li 

Hay-fork.. I 

Hay-loader. I 

Hay-rake.1 

Hay-sweep. I 

Hay-tedder. i 

Bead (barrel) machinery. i 1 

Header.Hi 

Heading. IJ 

Heading machine (cartridge)... i I 
Heat, distribution of in boiler., i 1 

Heat, cqnivalent of.. IS 

Heat-eni^es. I ( 

Heat utilized In ftimace. 1 i 

Heater, feed-water. II 

Heating apparatus, designing.. ii 1 
HeaHng oy Steam and Hot 

Water .HI 

Heck-box. i i 

Ileddle ..II I 

Heel-bumlshing mad:ine.H * 

Heel-tool.HI 

Heel-trimmer.fl 1 

Hemmer.tt ^ 

Hob.HI 

HMo-mlll.Ill 

Hide-reel.US 
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Hoist, blost-ftiniace. 1 872 

Hoist mining.ii 428 

Hoisting en^nes:. i 848 

Holder, slotting-machine tool., il TdO 

Holland drainage of. i 467 

Hollander.U 521 

Hook, ice.il 129 

Hook, safety.ii 428 

Hopper-boy.ii 895 

Horse-Power .11 117 ; i 687 

Horse-power, strength of. i SI 

Horse-shoe forging machine.... i 888 

Hose. India-rubber. i 150 

Hot blast. 1 865 

House-drainage. 1 470 

Housing. i 828 

Howitzers.11 4S5 

HuUers^ Coffee and Rice .ii 119 

Hulling machine, clorer. i 29 

Human strength. i 82 

Hurdy-gurdy.11 448 

Hydraulic accumulator. 1 1 

Hydraulic brake. i 219 

Hydraulic capstan. i 812 

Hydraulic cement. 1878 

Hydraulic crane. 1420 

Hydrauiic derrick. ii 448 

Hydraulic engine. See En- 
oiNU, Water-Pbessubb. 

Hydraulic forging. 1 885 

Hydraulic foundations . i 837 

Hydraulic Jack.il 206 

Hydraulic lamp.ii 280 

Hydraulic main.. .1 914 

Hydraulic mining.ii 484 

Hydraulic press.li 564 

Hydraulic punching machine., ii 629 

Hydraulic ram.ii 664 

Hydraulic riveting machine.... 11 678 

Hydraulic screw dock. 1 462 

hydrodynamics .11 120 

Hydro-electric machine. i y>5 

Ih/drometer^ or Areometer, li 122,71 

Hydrostatics .il 128 

Hypocyclold.ii 17 

Tec-HartetHng Apparatus... il 127 

Ice-house.ii 181 

Ice-making Machinery .11 132 

Ice-Yac\t .11 142 

Impnlsoria.11 IIS 

Inch, miners'.li 485 

Inclined plane.ii 7i)6 

Inclined plane, canal. 1 808 

Inclined Plane (railroad).il 145 

Increment-cut file. i 767 

Incubator. 1 .38 

India-Rubber .li 143 

IndicaAor (steam-engine).il 151 

Indicator, gas-pressnre. 1 925 

Indicator, speed. 1 161 

Induction coll. i 560 

Ingots, steel .11 8il 

Injectors .U 161; I 87 

Inspirator, the Hancock.li 170 

Insulator, telegraph.li 856 

Interlocking signals.ii 765 

Involute teeth.il 11 

Iridium al](^. 1 67 

Iron, loss or in melting. i 888 

Iron, strength of.il S80 

Iron alloys. i 67 

Iron-casting. 1 888 

Iron-making Processes .ii 178 

Iron-making Processes—Pud¬ 
dling .il 1S8 

Iron-vxtrking Machinery .il 195 

Ironclad vessels. i 96 

Ironing machines That).ii 107 

Ironing machines (laundry).... il 278 

Isinglass.ii 53 

Jacket .il 204 

Jack, screw.U 206 

Jack-plane.ii .345 

Jacks .11 204 

Jacquard apparatus.il 857 

Jamaica train.li 840 

Jetty .li 206 

Jig. i 872 

Jig-aaw.il 706 

Jigger-block. 1 146 

Jmnery bead. I .322 

Joint, m-maln. 1980 

Joint, Buckie. ii 475 

Joint, masonry.li 857 


Joint, pin.ii 475 

Joint, pneumatic tube.ii 561 

Joint rail.li 685 

Joint riveted. 1 210 

Joint universal. 1411 

Joint wiped.li 784 

Joints and Ihstenings. 1 818 

Journals .ii 209 


Keeper.U 878 

Kerf..ii 218 

Keys .U 213 

Keys, piano. .... li 510 

Keys, pnllev.li 6S5 

Key way chisel. . 1 851 

Key ways, filing. 1 774 


Kibble.il 422 

KUn .U 214 

Kiln, bone block.11 847 

KUn, brick. i 248 

KUn, charcoal. i 812 

KUn, Ume. 11 215 

Kilogrammeter.li 890 

Kind-Cbandron process.U 428 

Kinematic elementa.ii 874 

Knitting MactUnery. .U 218 

Knuckle-joint.U 475 


Ladles .li 222 

lagging.il 228 

Lamps .11 228 

Lamps., Safety .11 280 

Lantern, goa.... f 929 

Lapping. 1 815 

Lap of slide-valve.U 776 

Lapper, cotton. 1 891 

Lathe, axle.U 242 

Lathe, Blanchard's.il 247 

Lathe, boring.11 244 

Lathe, change-wheels for.il 237 

Lathe, chasing.li 286 

Lathe, cylinder-birring.U 245 

Lathe, duplex.U 241 

Lathe, cn^no.ii 240 

Lathe, foot.il 282 

Lathe, gap. ..il 242 

Lathe, gun-boring.li 502 

Lathe, hand.il 232 

Lathe., Metal-working .li 282 

Lathe, potters’.ii 562 

Lathe, rifle-stock. i 795 

Lathe, scrateh-brnsh. i 5S1 

I.Athe, self-acting.li 288 

Lathe, spinning in.U 786 

Lathe, universal .ii 247 

Lathe, watchmaker’s.U 904 

Lathe, wheel-turning.li 244 

Jxithe., Woitd-worldng .li 245 

Lathe-Chucks .ii 248 

LaVie-Dog .li 256 

Lathe for turning irregular 

forms.U 217 

Lat'ie-Tool Holders.. 11 257-267, 278 
Lathe- ToolSyBoring and Drill¬ 
ing .li 258 

Lathe- Tools. Hand- Thiming.. ii 260 

Latlie-tools, power for.II 274 

Lathe- Tools, Screw-cutting... U 266 

Lathe-Tools (Slide-Rest) .ii 268 

Lattice bridge. 1 269 

Launch, tor^o.ii 8''! 

Laundry Machinery .ii 274 

Lawn-mower. 1 28 

Lay-boy.ii 624 

Lead. I 829 

Lead of slide-valve.U 975 

Lead Pencils, Manufacture qf il 281 

Leather-belting. 1 180 

Leather-working Machinery . il 2S2 
Leather-working Tools—Cur- 

riHng .II 2S6 

Lo t»errier.11 291 

L’espingole.li 291 

Let-off .U 818, 869 

Level, spirit.il 789 

Lever.Il 794 

Leyden jar.. 1 559 

Life-Boats .Il 2S8 

Life-buoy.il 291 

Life-car.il 292 

Life-Preservers .il 290 

LJe-saclng Apparatus .Ii 291 

Lift. I 592 

Lighthouse lamps.il 229 

Lighthouses, Construction of.. 11 298 
Lime-kiln.ii 215 


Lime-purifier (gas).1 920 

Linkage.II 874 

Link, infinite. 1 428 

Link-motion.U 8i6 

Links, chain. 1 889 

Liquids, resistance of.U 121 

Lithofracteur. i 752 

Load, Uve.il 876 

Loader, hay. 1 26 

Loading machine (cartridge)... 1 880 

Loadstone.U 878 

Loam-moulding.U 446 

Lock, canal. 1 8o4 

Lock, gun. 1 780 

Lock-l^der. 1 796 

Lock-nuta.il 414 

Locks .11 298 

Locomotive .U 808 

Locomotive, compound.U 844 

Locomotive, compressed-air... ii 846 

Locomotive, consoUdation.U 888 

Locomotive. Description (j 

Parts ffthe . il 804 

Locomotive, flreleas.U 847 

Locomotive. Internal Disturb¬ 
ing Forces of the . i 822 

Locomotive, Mogul.U 888 

Locomotive, mountain.U 887 

Locomotive. Proportions qf^ U 828 

Locomotive, road.. 1 678 

Locomotive, standard.li 888 

Locomotive, street-car.Il 845 

Locomotives, adhesion of.U 827 

Locomotices.Class{fi4Mtion and 

Forms qf. .li 882 

Locomotives, dimensions of.... ii 841 

Locomotives, European models 

of.U 887 

Locomotives, freight.U 888 

Locomotives. Inspection and 

Driving qf .ii 848 

Locomotives, mine.U 844 

Locomotives, tank.U 883 

Locomotives, traction of.U 827 

Locomotives, train resistance to U 827 

Locomotives, weight of .U 841 

Loom, electric. I 6^ 

Loom, positive-motion.U 868 

Looms. Construcliou and Use 

qf. .li 851 

Looms. Power .ii 862 

Louchotto. i 478 

Lubricants .U 870 

Lubricators .U 878 


Machine Construction. Prin¬ 


ciples qf. .il 874 

Ma^tzine rifle. 1 784 

Magnetism, laws of..ii 880 

Ma^eto-electric machines. i 510 

Magnets .II 877 

Main, gas. 1 929 

Malleable castings. i 334 

Man, strength of. t 82 

Mandrel.li 85.5 

Mandrel expanding.ii 856 

Manganese alloys. 1 63 


Mangle.U 278 

Mangle, water. 1 290 

Manometer . 1 183 

Marine engines. i 646 

Marine glue.11 59 

Marine governor.U 69 


Marver. .U 48 

*• Mary PoweU,” performance of I 651 

Masonry .U 882 

Masonry, lighthonsc.ii 294 

Masoniy blist-fhmaco. i 865 

Masonry chimneys. 1 845 


Mass. i 618 

Measuring machine. i 951 

Mechanical elements.U 794 

Mechanics .U 888 

Meiler. 1 848 

Melodcon.U 511 

Melting, loss of iron in. 1 888 

Mercury amalgam. i 68 

Mercury gauge. 1 189 

Metaline.li 870 

Meter, gas. 1 922 

Meter, gas, consumer’s. t 988 

Metre.il 889 

Metric System .il 8^ 

Micrometer calipers.1 299 

Microphone .U 8j0 
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Middlin{/9-PurifierB . 

li 899 

Needles, knitting-machine. 

li 219 

Picking machine, wool. 

.. h 945 

Mllk-can. 

. i 489 

Netting, torpedo. 

ii 888 

Picking-stick. 

.. U 853 

Milk-pan. 

1 440 

Nickel allovs. 

i 68 

Picking-stick loom. 

.. U 864 

Milker, cow. 

1 83 

Nickel-plating.;... 

Nltro-glycerine. 

1 588 

Plcrate. 

.. i 758 

Mill, Barker's. 

ii 916 

1 751 

Pile, screw. 

.. 1 840 

Mill, buUet. 

ii 415 

Nose-bit. 

1 189 

Pile, sheet... 

.. i S41 

Mill, gig. 

Mill, hide. 

1 358 

Notching. 

1 812 

Pile, voltaic.!. 

.. i 563 

ii 2S2 

NoweL. 

il 447 

Pile-driving machine. 

.. li 540 

Mill, powder. 

Mlil-hopper alarm. 

1 754 

Nozzle, exhaust. 

ii 814 

Pile foundation. 

... i 888 

1 55 

Nozzle, bvdrauUc mining. 

Nut-lbrging machine__ 

ii 440 

Pile lighthouses. 

.. ii 297 

Mining^ Grain... . 

ii 898 

i 829 

PiUow-hlocks. 

.. ii 529 

Milling cutter. 

li 401 

Nut-tapping machine. 

Nuts, cold-punched. 

il 714 

Pilot, locomotive. 

.. H 830 

MiWng Mach ine . 

ii 897 

U 626 

Pinning.. 

... 1814 

MiUing machine (coining). 

t 868 

Nuts, hand-forging o£. 

1 822 

Pinnlng-out machine. 

.. U 101 

Milling machine (wire). 

MUl-pick. 

ii 988 

Nuts, hot-pressed. 

li 626 

Pin-wheels.. 

...ii 10 

li 419 

Nuts, lock.. 

U 474 

Pipe, glass.. 

... ii 54 

MUl-splndle. 

Mills, WU. 

ii 419 
li 414 

Kuts and Bolts . 

U 478 

Pipes, air. 

Pipes, aqueduct. 

... i 47 
... ii 487 

Mills, cider. 

i 88 

Odoniograph . 

ii 475 

Plpea, moulaing. 

.. ii 450 

Mills, copper. 

il 406 

Ohm. 

i 667 

Pipes, organ. 

... ii m 

Mills, crushing. 

11 416 

Oil, lubricating. 

11 m 

Pipe-stocks. 

... ii 733 

Mills, curd. 

Mills, fanning. 

i 442 

Oil-car. 

11 654 

Pipe-threads. 

... a 729 

i 81 

Oil-cup. 

il 872 

Pipe-vise. 

... li 855 

Millsj fdlling. 

i 854 

Oil-gas. 

1 944 

Pistons . 

... a 544 

Mills, gold . 

il 404 

Oll-mUl. 

U 415 

Pitch, circular and diametral 

.. a 19 

MilU, Grain . 

li 407 

Oil-Stones . 

11 476 

Pitch-circle. 

... a 5 

Mills, grain, cylinder. 

ii 410 

Oil-wells. 

ii 926 

Pltch-Burlhcc. 

... a 1 

Mills, grain, disintegrating. 

U 418 

Opener, cotton. 

1 889 

Plane, ice. 

... a 138 

Mills, grain, performances of.,. 

11 414 

Ordnance, Construction qf... 

li 477 

Plane, inclined. 

... a 756 

Mills, grain, roller . 

ii 411 

Ordnance, foreign. 

ii 491 

Plane, inclined, on canals... 

... i 

Mills, Ophite . 

MillSy Grinding (J'or Various 

il 415 

Ordnance — Gun-Carriages .., 
Ordnance, life-saving. 

, 11492 
ii 291 

Plane, inclined, on railways. 
Planes . 

... il 145 
... a 545 

Purposes) . 

ii 414 

Ordnance—Machine Guns.... 

li 496 

Planing Machines, Metal.. 

... a 548 

Mills, oil. 

U 415 

Ordnance, Manufacture qf... 

il 500 

Piet tiing Machines, Wood. 

... a 658 

Mills, saw. 

li 708 

Ordnance, star-gauge for. 

i 954 

Plnnlng-machine tools. 

... il 55S 

Mills, silver. 

11 405 

Ore, amalgamating. 

1 70 

Planing out of wind. 

... a 465 

Mills, stamp. 

li 787 

Ore-concentrator. 

1872 

Planometer . 

... a 558 

Mills, sugar. 

ii 887 

Ore-mill. 

U 405 

Planter, potato. 

... 1 18 

Millstones . 

li 416 

Ore-rolls. 

. 1 285 

Plaster-rating. 

... 1 887 

Mine Appliances . 

il 421 

Ore-separator. 

1 872 

Plates, bolting. 

... a 475 

Mine-bluting. 

i 145 

Ore-stamp. 

, U 787 

Plates, piano. 

... U586 

Mine locomotive. 

ii 844 

Organ, electric. 

ii 506 

Plates, straightening. 

...a 84 

Mine-sinking. 

ii 428 

Organs, Pipe . 

li 604 

Platinum alloys. 

... 1 69 

Miners' inch of water. 

ii 435 

Organs, Hied . 

ii 511 

Pliers. 

... 1 821 

Mining . 

li 428 

Ori^zine. 

U T74 

Plinth. 

...a 8h8 

Mining, Hydraulic . 

ii 484 

Oven, Berdan's. 

i 281 

Ploughing (wood-working). 

... ii 467 

Mining pumps. 

11 612 

Oven, charcoal. 

1844 

Ploughs. 

... 1 3 

Mint assajing. 

1 105 

Oven^ revolving. 

Over^ot wheel. 

i 288 

Ploughs, Ice. 

...a 12S 

Mirror. 

Mirror galvanometer. 

ii 56 

1 588 

li 914 

Plug-tap.:.. 

Plumbago. . 

...a 781 
...il 69 

Mitering. 

ii 465 

Packing, asbestos. 

1 101 

Plumbers' solder. 

... a 784 

Mitrailleuse.. 

ii 406 

Packing-rings. 

Paddle- Wheels . 

li 544 

Plunger. 

... a 544 

Mitre-box.. 

ii 706 

11 517 

Pneumatic caisson. 

... i 844 

Mixer, dough. 

1 282 

Palladium alloys. 

1 68 

Pneumatic clock. 

...a 50S 

Mogul locomotive. 

ii 838 

Pan, amalgamating. 

I Tl 

Pneumatic Dispatch . 

...il 561 

Mole, marine. 

i 458 

Pan, milk. 

i 410 

Pneumatic excavator. 

... 1 483 

Molvbdenum allovs. 

i 68 

Pan, sugar. 

ii 840 

Pneumatic foundations. 

... 1843 

Momentum.!. 

i 514 

Pan, vacuum. 

11 845 

Pneumatic foundations, com- 

Money-drawer alarm. 

1 55 

Paneling. 

. i 8 28 

pressor for. 

... i 89 

Monitor. 

1 99 

Panel-r^ing. 

ii 465 

Pneumatic hammer. 

,...a 89 

Moon-knife. 

11 286 

Paper, asbestos. 

, 1 100 

Pneumatic sewerage.. 

... i4» 

Mortar. 

1 878 

Paper, Marnfacture qf. . 

ii 520 

Pneumatic telegraph, compress- 

Mortar (ordnance).... 

il 486 

Paper, materials for. 

il 526 

or for . 

i 86 

Mortar (ore) . 

MortiHng and fetioning Ma¬ 

U 788 

Paper, names of. . 

Paper-cutting Machines . 

11 529 

11 628 

Pneumatic torpedo. 

Pocket alarm. 

... ii 8^0 
... i 55 

chines . 

il 444 

Paper machine, qrllnder . 

Paper machine, Fonrdrinler. . .. 

11 525 

Poles, telegraph. . 

... a 856 

Mosaic glass. 

ii 50 

ii 528 

Polishing rifle-barrels. 

... i 794 

Motor, air. 

1 45 

Paper presses. 

ii 566 

Polishing-wheels, emerv. ... 

... 1614 

Motor, electro- . 

1 589 

Paring machine . 

11 779 

Poll-pick. .. ’ _ 

...a 421 

Motor, street-car . 

il 845 

Partitions . 1 817, 821 

Ponv planer . 

. ..U 557 

Mould, metal-spinning . 

ii 766 

Paste, glass . 

U 52 

Popoffka . 

... i 99 

Moulders' tools . 

li 446 

Pattern-making . ii 447-459, 461 

Porcelain-moulding machine. .. fl 563 

Moulding . 

li 446 

Peat . 

i 156 

Positive-motion loom . 

...a866 

Moulding, electrotvpe . 

i 585 

Pedestals. . 

11 629 

Pot, glass . .. 

... 1 878 

Moulding, hollow .* . 

ii 452 


li 580 

Potato-digger . 

... 1 ® 

Mouidinir. notterv . 

ii .562 

Pegger . 

ii 760 

Pot-metaC". 

... i 61 

Moulding, propeller . li 725, T26 

Pen," electric. 

1 562 

Potters' lathe. 

...115© 

Moulding, statue. 

U 457 

Pen, fountain. 

li 580 

Pottery -/canning Mtxchinery.. li 

Moulding, sweep. 

ii 454 

Pen-making . 

ii 580 

Pottcrv kiln . 

...11219 

Moulding-cutters . 

il 470 

Pencils, lead . 

11 281 

Pouncing machines . 

...a 105 

Moulding machine, porcelain. .. 

ii 562 

Pendulum, ballistic . 

1 563 

Power . 

... 1 687 

Moulding machine;, sole . 

MouUiing Machines, Wood- 

U 760 

Penlng . 

Pcrcussionlfhse . 

ii 82 

1 892 

Press, arming . 

Press, bookbinder's . 

... 1 94 
...U5« 

irorking. . 

ii 461 

Perrotine . 

1 295 

Press, cheese . 

... i 443 

Mould-making m.achine . 

ii 455 

PeiTOtine blocks, engraving _ 

i 296 

Press, coining . 

... 1869 

Mountain locom<itives. 

il 887 

P^trisseur . 

1 281 

Press, glass . 

...a M 

Mowers . 

i 15 

Petroleum ftirnaco . 

i 868 

Press, ^npowder . 

... 1756 

Mowers, lawn. 

i 23 

Pewter. 

i 69 

Press, 'Hydraulic. . 

...af« 

Mule, cotton. 

1 408 

Phonograph . 

ii 531 

Press, seaming. 

...U6» 

Mule, wool. 

ii 943 

Phosphor-bronze. 

i 63 

Presses . 

...a566 

Muley saw . 

11 707 

Phosphor-bronze tuyeres . 

Pianoforte . 

i sn 

U 582 

Presses, haling . 

Presses, cloth . 

...as® 

... i8» 

Kails and Kail Machinery .. 

il 470 

Pick, mill . 

ii 419 

Presses, cotton . 

USM,™ 

Narrow-gauge railroads . 

li 688 

Pick^ stone . 

il 820 

Presses, drawing. .. 

... a w 

Nautilus . 

i 458 

Pick-axe . 1 108; 

11 421 

Presses, hat . 

1107,119 

Navvy, steam . 

1 787 

Picker . 

. ii 853 

Presses, Printing . 

. .a879 
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Presses for printed paper.11 566 

P^lng. 1 207 

Priming machine.. . i 82S 

Printing, calico. i 202 

Printing presses..li 570 

Printing telegraph..ii 851 

Mtushine .ii 582 

PnAtetiUi, .li 5S8 

ProjecUles, Ufe-saving.ii 202 

Proof-staff.ii 418 

Propeller, screw.li 719 

Pacelias. ii 54 

Puddling iron.ii 188 

Pugging. 1 819 

PnUey-block, differential. I 145 

Puiley-fHction..ii 86 

.U 585; 1 181; U 795 

Pulp, paper.ii 520 

PuUometer.ii 618 

Pump, sir. I 47 

Pump, diring. i 455 

Pump, fire-engine.ii 608 

J*ump, m-compressing. i 896 

Pump, hydraulic press.li 564 

Pump, siphon.ii 614 

Pomp, lama.11 224 

Pumping Engines .ii 586 

Pumps .II 600 

Pumps, air-compressing. 1 84-44 

Pumps, centrlfiigal.ii 606 

Pumps, centrifh^l, dredging by 1 4S0 

Pumps, condenser for.ii 621 

Pumps, drainage. i 467 

Pumps, hand and power.Ii 600 

Pumps, locomotive.li 811 

Pumps, mining.ii 612 

Pumps, rotary.li 608 

Pump%^ Steam .ii 614 

Pomps, steano, compound.11 628 

Pumps, vacuum.ii 618 

Punch, centre. i 888 

Punch, spiral..li 625 

Punching and Shearing Ma¬ 
chinery .11 624 

Punching, hand. 1 821 

Punching bear. 1 127 

Punching machine.ii 624 

Punching machine, leather.ii 762 

Punty.ii 54 

Puppet-valve.ii 892 

Purifier, gas. 1 919 

Pyrometer .ii 681 


Qnannet. 1 761 

tjuarrying Machine .11 681 

Quartered partitions. i 821 

Quarta-plck.11 421 

Quay. i 456 

Quirked bead..... i 8*22 

Quoins.li 888 


P^abbeting.ii 465 

Rabble... . ii 194 

Bock and wheel.il 8 

Rack-rail loconu>tive.il 339 

Radiators. 11 114 

Rag-cutter.li 520 

Railroad .li 632 

Railroad angle-bars. ... ii 616 

Railroad ballast. ii 634 

Railro<id Care ..tl 64<J 

Railroad cars, heating of.il 116 

Railroad cars. Journals of.li 210 

Railroad chairs.. ii 685 

Railroad crossings.ii 639 

Railroad culverts..ii 634 

Railroad excavation... ii 632 

Railroad fish-plates. li 636 

J^ilmad ftrogs. ii 640 

Railroad gauge.11 638 

Railroad inclined plane.li 14.5 

Railroad resistances..ii 632 

Railroad rood-bed. ... 11632 

Railroad signals.11 763 

Railroad sleepers.Il 634 

Railroad spikes.U 6:}6 

Railroad switches. .. Il 641 

Railroad ties.11 634 

Railroad track-bying.11 685 

Railroads, atmospheric.11 660 

Railroads, ebvated.11 664 

Railroade^ Mountain . . 11 660 

Railroads, permanent way of.. li 688 

Railroads^ Pneumatic or At¬ 
mospheric .il 660 

Railroads, Portable . il 661 


Railroads, Street.’. .il 

Railroads, undeigrouiid.ii 

Bulb (railroad).11 

Rails, defats of..ii 

Rails, fkstenings of.li 

Ralb, Joints of.il 

Rails, manufacture of.ii 

^ils, rock.11 

Kails, testing.li 

Ram^ Hydraulic .il 

Ram. pile-driving.U 

Rammer.il 

Rand-forming machine.il 

Range.II 

Rasp. 1 

Ratchet- Wheel .li 

Reamers .ii 

Reapers. I 

Redstaff.11 

Reeding. 1 

Reeds, organ. ii 

Reel, flax.. 1 

Reel, flour.11 

Reel, hide.il 

Reel, slik.li 

Refining, sugar.11 

Bofi*igerator, milk. i 

Refri«*rator cars.Il 

Refrigerators .11 

Regenerating fUrnace. .. i 

Regenerator.11 

Regulator, damper. 1 

Begubtor, electric-light. i 

Regubtor, gas... I 

Kegubtor, pumping-engine_ii 

Regulator, water-ppessure. 1 

Repeating rifle. Bee Magazine 


gtin. 

Resawing machine.11 

Reservoir, storage.ii 

Resilience.ii 

Resistance to locomotive.ii 

Resultant.ii 

Retort ftimaco (iron).ii 

Retort-house. 1 

Retort-stoking machine..1 

Retorts, amalgam. 1 

Retorts, distilling. i 

Retorts, gas. 1 

Retting flax.i 

Revolver. 1 

Revolving cannon.ii 

Rheostat. i 

Rhodium alloys. 1 

Rlfller. i 

Riffling tool. I 

Rifle-guns, breech-loading.ii 

Rifles, manufacture of. 1 

Rifling cannon.ii 

Rifling machine.1 

Rlngofen.li 

Riveting Machines .ii 

Rivets, strength of. i 

Rock-Drills .Il 

Rocker. 1 

Rocker, hide .il 

Rocket, life-saving.ii 

Roller, calico-printing. 1 

Roller, ground. 1 

Roller, leather.il 

Roller, printers.11 

Roller-mill. II 

Rolling, cold. Iron.11 

Rolling machine, leather....... ii 

Rolling mill, iron.ii 

Rolling mill, rail.il 

Roils, calender. i 

Rolls, coal-crushing. i 

Rolls, coining. i 

Rolls, gun-barrel.1 

Rolls, India-rubber.ii 

Rol^ ore. I 

Rone, hoisting.il 

KofKj, strength of,.ii 

Rope, wire.ii 

Rope belting.. 1 

Rose-bit.il 

Rounding machine, iron.ii 

Roand-no*>ed chisel. i 

Roving frame, cotton. 1 

Roving frame, flax. i 

Rubber, file. i 

Rubber, metallurgical. I 

Rubber, scam.ii 

Rubber belting. I 

Rubble.il 


661 

668 

685 

637 

685 

685 

639 

660 

688 

664 
541 
446 
7(i0 
825 
766 

665 
668 

19 

418 


815 

895 

282 

774 

84-3 

489 

651 

670 

861 

188 

448 

545 

924 

598 

709 


702 

485 

888 

827 

798 

183 

914 

918 

78 

446 

903 

893 

791 
497 
583 

68 

764 

881 

483 

792 
479 
794 
215 
671 
211 
674 
874 
2s2 
298 
293 

10 

759 

577 

411 

204 

285 

197 

203 

291 

236 

367 

798 

143 

2;» 

427 

836 

mo 

183 

670 

201 

851 

399 

810 

768 

74 

761 

130 

886 


Rub-stone.li 287 

Buffer. 1 808 

Kuffler. 11 761 

Rule .Ii 687 

Ruling machine. i 452 

Bun-ont.ii l8l 

Bafe-locks.ii 800 

Safes .U 687 

“Safety”. 1 608 

Safety, flictor of.11 880 

Safety-cage.li 42 

Safety-hook.il 428 

Safety-switch.11 642 

Safety-Valce .ii 810; 1 178 

Sand-Blad .li 6W 

Sand-box.Il 821 

Sand-moulding.ii 446 

Sapping machine.ii 757 

Sash-making machine.ii 445 

Saw-Gummer and Saw-Swage il 698 

Saws .il 694 

/Nates, Rand .ii 696 

/Nates, Circular .Ii 700 

Saws, cylinder. I 122 

Saws, gang.il 707 

Saws, mill...11 708 

Saws, shingle..il 757 

Sates, Reciprocating or 

Straight . Ii 706 

Saw-teeth.il 694 

Scale, pbnoforte. .il 588 

Scales. i 108 

ScM-fing. i 816 

Scheelo's curve. i 850 

Scouring.U 288 

Scouring machine, leather.ii 288 

Scow, blasting.i 144 ; ii 678 

Scraper .li 711 

Scraper, ice.li 127 

Scraper, turning.il 266 

Scraper, wood-carviug. i 881 

Scraping dredger. 1 478 

Semteh-brnsh. i 5i>l 

Screw.U 797 

Screw, differential. 1446 

Screw, ice.ii 180 

Screw and rack.ii 82 

Screw-auger. i 140 

Screw-bolts, forging. .. I Ibl 

Screw-cutting bthe, change- 

wheels. il 287 

Screw-cutting Machines .ii 712 

Screw-cutting tools...ii 266 

Screw-dock. 1 462 

Screw-driver.ii 714 

Screw-finishing machines.il 717 

Screw-forging machine. i 829 

Screw-gearing.11 27 

Screw-giU. i SIO 

Screw-pfcck.li 206 

Srew-mating Machines .ii 714 

Screw-piles. i v8S9 

Screw-plate.Il 782 

Screw-J*ropeller .ii 719 

Screw-propeller engines. i 656 

Screw-slotting machine.il 717 

Screw-Thread .li 729 

Screw-Threading Taps and 

Dies .li 780 

Screws, wood, manolm’ture of., ii 718 

Scribing. i 828 

Scribing-Block .il 788 

Scroll-saw. 1 707 

Scrubber. i 917 

Seam-rubber. 11 761 

Seam-trimmer.11 7.^2 

Seaming press.ii 569 

Seed-drllf.. i 11 

Semaphore signals.ii 764 

Semel brick. 1 256 

Separator, bran. 1 80 

Separator, ore. 1 372 

Setting tools.ii 477 

SetUer. 1 72 

Sewers. i 469 

Sewing machine, bog.ii 749 

Sewing-Machine Attachments W 750 

Sewing Machines .ii 733 

Sewing machines, book .11 749 

Sewing machines, buttonhole.. 11 746 

Sewing machines, eyelet...-ii 747 

Sewing machines, shoe... i-ii 745 

Sewing maebiness wax-thread., ii 744 

Shades, lamp.ii 229 

Shaft, flexible. I 141 

Shalt, mining.U 429 
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Bhaft-oonpling. 1 411 

Shifting .U 752 

Shaping Machines Jor Nttal. U 754 

Bluve, hook.il 7 b 4 

Bh»vlDg.II 2b7 

Bluviiig machine.li io 2 

Bheaf-binder. I 21 

Bhears.I 415 ; u 62» 

Shearing machine, cloth. I 859 

bhearing machine, metal.ii 680 

Shearing strew.Ii 888 

Bheet-metal press.Ii 666 

Sheetpile. I 841 

Shell.il 6t4 

Shell-bit. I 189 

Shell calipers. I 299 

Sheller, com. ... l 88 

Shingle Machinery .li 757 

Ship, air. I 48 

Ships, flre-exttngolsher for. 1 8l»0 

Shirring, India-rubber. II 151 

Shive. I 445 

Shoe, ore-stamp. 11 789 

Slu>e^\aking Machinery .Ii 759 

Shoe-sevring machines..II 745 

Shooting. I 828 

Shot.II 584 

Shot, life-saving. 11 291 

Shot-guns. 1 788 

Shrinkage of castings.I 886 

Shroud. i 848 

Shuts. I 824 

Shuttle, loom.ii 848 

Shuttle, Sewing-machine.il 788 

Side tools.il 2 W, 272 

Sieve, gunpowder. i 757 

Signals^ Railroad .H 768 

Silk, spinning waste.Il 775 

bilk-loom.Ii 886 

Silk-spinning Machinery _ii 778 

Silver, electroplating with. 1588 

Sliver allovs.... 1 69 

Silver amalgamation. 1 70 

Silver-mill.ii 405 

Siphon gauge. i 187 

Siphon pump.li 614 

.ii 58 

Sizing flax. I 816 

Sizing machine.li mi 

Skeet.il 428 

. 1 797 

Skew'-gearlnir.ii 28 

Skip.:.li 422 

Skiving.li 287 

Skiving machine.U 286 

Slag-brick. I 259 

Slag-gluss.ii 48 

Slasher. 1 409 

Sleeker.H 446 

Sleepers, railroad.Ii 684 

Slicking.ii 287 

Slicking machine.Il 284 

Slide- Valve . 11 775. 850 

Slotting auger. i 141 

Slotting Machines .il 779 

Siottlng-machlne tools.H 7 si 

Sluice.ii 441 

Smoke-stack...ii sm 

Snatch-block. i 146 

Soda-water machine. i 89S 

Sodium amalgam. i 75 

Soli. 11 784 

Solar englne.s. 1 642 

Sole-cutting machine.ii 760 

Solo-moulding machine.Il 760 

Solder, gold. 1 66 

Solder, silver.. I 69 

Sddering .ii 7 si 

Soldering fluxes.il 7S2 

Sorting flax . 1 804 

Sounding balloon. i 51 

Soundlng-boartl .li {^7 

Sowing machines. 1 n 

Sparrables. 11 471 

Specific gravity.ii 70 

Si)eeder, cott»)'n. i 399 

Sidndles, cotton. 1 462 

Spinning llax. 1 m08 

Splnnlng-frame, cotton. i 4(»2 

Spinning-frame, fiax. I 818 

Spinning-frame, silk. 11 774 

Spinning Metal .ii 7S6 

Sidrit-I^rel .ii 7 S 7 

Splitting machine.U 286 

Sl>oke.il gjH 

. i 403 


Spoon-bit. 1 881-889 

Sponge, Iron.u 179 

Spreading machine. 1804 

Sprig.Il 471 

Springs, car... . .il 659 

Springs, wagon.11 899 

Spring-tool.ii 272 

Spur-gearing.il 6 

Spur-gearing, twisted. 11 14 

Square.Ii 787 

Square heading. i 821 

S<|ueezer..ii 196 

Stairs. 1 824 

Stami>er, dough. I 288 

Stamps, Ore .ii 7»7 

Staple machine (wire). 11 940 

Starching machine.il 277 

Star-gauge. I 054 

Statics .Ii 792 

Statue-casting. 1 83S 

Statue-moulding.il 457 

Stave-making machinery...... I 122 

Stay, boiler. 1 212 

St(‘ady-re 8 t.il ^49 

Steaiii. 1 740 

Steamboat. i ^6 

Steam-boilers. 1 155 

Steam-Camy/ression qf OMion ii 79S 
Steam-engine. See Enginxs. 

Steam-pumps.U 614 

Steamships. 1 667 

.II 808 

8tee4 strength of..U 8 ^ 0 

Steel armor. i 95 

Steel-casting, Whitworth's. 1 884 

Steel pen.il .v:o 

Steel rails.U 6 ^ 

Steelyards. 1 no 

Steps. . .II 819 

Sterro-metal. 1 67 

Still. 1 446 

Stitches, sewing-machine. li 788 

Stock. I 256 

Stock, drill. 1 586 

Stock, gun. 1 780 

Stock, gun, making. i 795 

Stocks and dies.il 782 

Stoking machine. 1918 

Stone, artificial. i 876 

Stone, asbestos. 1 101 

Stone-Carving Machine .ii S 20 

Stone-Cutters'' Tools . 11 820 

Stone-Cutting .U & 2 l 

Stone-saw.il 710 

Stoning.Ii 287 

Stop-chamfer. 1 828 

Stop-cutter. 11 524 

Stop-organ.il 614 

Stope.II 482 

Storehouse, ice.ii 181 

Stove, hot-blast. 1 609 

Stove, laundrj’. 11 281 

Stoves and Heating Fur¬ 
naces .li 822 

Straigid-Edge .Ii 829 

Straightening machine, Iron.... 11 200 
Straightening machine, %rire... Ii 988 

Straightening plates.U 82 

Straightening rifle-barrels. 1 794 

Strain diagrams.II 874 

Strains, proving on chain cables 1 840 

Strains in cannon.li 479 

Strains in castings. 1 886 

Straps....!. 1 641 

Btrass. 11 62 

Straw-board.il 627 

Strength, animal. 1 8 i 

Strength of bolts. 11 478 

Strength of cement. 1 879 

Strength qf Materials. .li 8 ^ 

Stretching machine.Ii ids 

Stretching machine. Iron. 11 204 

Strings, piano.li 588 

Strings, stair. I 325 

Strutting. 1 819 

Stub-twist. 1 797 

StQckofen.H 176 

StulT-ehests.U 5 ^ 

Stump-pullers. 1 8 

Submarine telegraph.H 857 

Suez Canal dredging at. i 480 

Sugar Machinery .li 

Surfhce-planer. 11 5.*'8 

Surface-plate. 11 55S 

Swage-block. I 825 

Swage-tools. I S26 


8ire«p,li.y . 1 » 

Sweep-moiildiiig.ii 454 

Swift.li 774 

Switch signals..* h 768 

Switches, railzxisd.ii 6U 

Table-bit...i 199 

Tall bJoch. 1146 

Take-up.B 858,8© 

Talking machine.B Ml 

Tunpi]^.1142 

Tan furnace.I ng 

Tank locomotives.U 8^ 

Tapering machine.18© 

Taps.llTiO 

Ta^ts. 5»5 

Tedder. i 28 

Telegraph. . ii S49 

.11659 

Telodynamlc cable. I liiS 

Tempered glass.B 49 

Tempering and Hardening 

Metals .H sea 

Tempering flies. 1766 

Temple, loom.B854,8f9 

Templet. 1 775 

Tender.fl 821 

Tenon and mortise. I 814 

Tenoning machines..H 446 

Tensile stress.B SSO 

Tension, sewing-machine.U 748 

Testing iron bv magnetism.... H SSI 

Testing Machines .U 868 

Testing machines, lubricant.... ii 870 

Tests of boilers. i 208 

Tests of l^akes. I 225 

Tests of breech-Joadlr^ guns... 1 7:54 

Tests of dynamo-eIe<^c ma¬ 
chines.i 52 S 

Tests of electric m^lnes.i 561 

Tests of fire-engines. i 627 

Testa of injectors.U ICt 170 

Tests of lubricants .II 

Tests of magozlDe guns. I 789 

Tests of pumping engines.li 59S 

Tests of pumpe.ii 621 

Tests of rails.U t3s 

Tests of testing machines., il 871,878 

Tests of turbine wheels.ii 924 

Tbermo-electiic battery. i 666 

Thermometer .11 875 

Thrasher, paper.U 52n 

Thrashing machine. 1 26 

Thread, flax. 1 815 

Throwing silk.il 774 

Throwing-wheel.U 5© 

Tie, cotton-bale.il 802 

Ties, railroad.li 654 

Timbering shafts.11 4^ 

Time-detector.Il 907 

Time-fUse. I 891 

Time-lock.U 802 

Time-signals. .il 767 

Tin, electroplating with. 15^ 

Tin alloys. i 69 

Tint tool. 1 722 

Tip-stretcher.11 108 

Tongs. i 8© 

Tongued heading. i 821 

Tonguing.H 465 

Tool-forging. I S25 

Tool-holders. ii 256 

Topper. i 761 

Torpedo .U 876 

Tor^o boats, defense.B 498 

Torsion balanco..1 666 

Torsional stress.fi S88 

Torus. 1 828 

Tossing-tub. i 875 

Tow. i 808 

Towage, chain.i 809 

Tower clocks ..il »6 

Track-laying.. U ©6 

Traction cnirtne.,. i 678 

Traction of locomotives..11 827 

Train, clock.B 9(t6 

Train resistances.B 8?0 

Tram.B 774 

Trammel Gauge . ii 8S3; 1 9.5.8 

Tramway ear. B 659 

Tramway motor..fl 845 

Transverse stress.i! 5 ^i 2 

Trap, steam.B 111 

Traveling crane.i 423 

Travers.. i 

Traverse table. fi 641 
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Twp«n.tt 4*8 

TVfmmer-chiael. t 851 

Trinumin^. 1 820 

Trimming machine. 1 880 

Trip-hammer.ii 88 

Trompe.1 87,155 

Trowel. ii 446 

Tracks, railway.... ii 819, 647 

Traing machine (grindstone)... ii 72 

Trundle.U 10 

Trank.ii 544 

Trass, bridge. 1 267 

Tube, pneumatic dispatch.il 561 

Tube-TOlIer. 1 206 

Tnbe-e3cpander. 1 218 

Tub-wheel.ii 916 

Tuck-marker.ii 752 

Tumbler lock.11 298 

Tunneling Madiinea .li 884 

Turbine wheels.li 916 

Turning. See Latuss. 

Turning, power required for... il 274 

Turning, steel.ii 287 

Turning tools.11 260 

Turning tools, screw-cutting... ii 266 

Turning tools, slide-rest.11 268 

Turning tools, speeds of.11 278 

Turn-table.il 648 

Tuyero, blast-fUrnace. 1 807 

Tuyere, cupola-Airnace. 1 876 

Twill.ii 855 

Type, forms of.li 886 

'type-eetting and -distribut¬ 
ing Machinery .li 

Type- Writer .11 891 

Underground telegraph.11 857 

Undershot wheel.11 916 

Upsetting. 1 819 

Vacuum-brake. I 220 

Vacuum-gauge. t 1S7 

Vacuum-pan..il S40 

Vacuum-pump.11 618 

Valve, safety.1 178; H 810 

Valve, slide.U 775 

Valve, throttle.11 312 

Valves, canal-gate. i 807 

Valves and Cocks .ii 891 

Vane-governor.11 67 

Vapor electroplating. I 584 

Vapor points and volumes.11 188 

Velocimeter.. 1 565 


Velocity. 1 510 

Vent.li 478 

Ventllatfon of millstones.ii 419 

Ventilation of mines.ii 488 

Vernier calipers. i 298 

Vise, .ii 894 

Volt. 1 567 

Voltaic pUe. 1 568 

Vulcanlring gutta-percha.il 77 

Vulcanizing India-rubber.11 149 

Wagon-Building .Ii 897 

Wall-crane. 1 420 

Wall-plate.I 815-819 

Warming by steam and hot 

water..il 110 

Warming by stoves.ii 822 

Warp.11 851 

Warp-beam.11 852 

Warper, cotton. 1 409 

Warping flax. 1 815 

Warping machine, wool.11 948 

Warping of castings.1 885 

Washer.Il 406 

Washer, gas.'.. 1 917 

Washing engine.ii 521 

Washing machine, wool.il 944 

Washing machines.ii 274 

Washing silk.il 774 

Washita stone. ii 476 

Washoe process.il 405 

Watches and Clacks .li 908 

Water, absorption of by brick.. I 245 

Water, filtration of. 1 777 

Water, heating by hot.ii 110 

Water, miners’ inch of..il 435 

Water, specific gravity of. i 748 

Water, volume and weight of.. I 744 

Water-bellows. 1 87 

Water-closets. i 472 

Water-engine, organ.ii 504 

Water-gauges. 1 W 

Water-mangle. 1 290 

Water-Meters .11 910 

Water-pressure engines. 1 708 

Water-tube boilers. 1198 

Water-wheel, hurdy-gurdy.il 448 

Water- Wheels .il 914 

Water-Wheels^ Turbine .11 916 

Weaving..11*851 

Web-perfectlog press.ii 576 

Wedging. 1 814 

Weft.li 851 


END OF VOLUME II. 


Weighing machine and dyna¬ 
mometer, hydrostatic. 1 588 

Weight. 1 518 

Welding. ... I 828 

Welding rails.11 689 

M^eU-Boring .li 925 

Wheel and axle. ii 796 

Wheel-gear, forms of .11 8 

Wheels, car.II 650 

Wheels, carriage and wagon ... il 897 

Wheels, locomotive.il 818 

Wheels, paddle.II 517 

Wheels, wagon.II 897 

Wheels, water.ii 914 

Whim. li 428 

Whistle, steam.U 811 

Whitening machine.ii 286 

Wind, pressure and velocity of. ii 980 

Wind-cnest.li 506 

Windmills .Il 929 

Window-glass.il 89 

Windows. I 824 

Winnowing machines. 1 81 

Winze.11 481 

Wire, Manufacture of. .II 988 

Wire, piano.U 686 

Wire, telegraph.11 856 

Wire-forming Macltinery _U 987 

Wire-gauge.. 1 946 

Wire nails.il 472 

Wire Bope .il 940 

Wire-rope crane. 1 422 

Wire-rope'towage on canals_ 1 811 

Wire-screwing machine, shoe.. il 761 

Wire-worker’s swl. 1107 

Wood-boring msebines. 1 498 

Wood-carving tools. i 881 

Wood-charring. I 842 

Wood-engraving. 1 721 

Wood-planers.11 558 

Wood-screws.ii 718 

Wood-worker, variety.il 468 

Woof.U 851 

Woolen cloth shearing machine. 1 858 

Wool hats, manufacture of.Ii 108 

Wool Machinery .Il 942 

Work. i 514 

Wrench .11 948 

Wringers.li 276 

Zinc, electroplating with. 1 684 

Zinc alloys. 1 69 

Zuyder Zee, drainage of. i 467 
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